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s Abstract

Crime perception is defined as the insight amount of criminal activity in a location or the risk of
GAOGAYAALI GAZY D 9 OA RréeptiorSabobitEhe &riind is ioKdfteh condtsentlt SQa LI
with the actual incidents statistics, and thus there is a tendency of underestimating or
2OSNBaAGAYIFGAYT GKS alrfFSied ¢KS YAALISNOSLIIAZ2Yy 2
lifestyle, affect social bekiur and spatial and economic dynamics. Therefore, it is relevant for

police agencies to develop strategies directed to reduce this perception gap.

To come up with efficient action plans is relevant to explore the different social, demographic
and envirmmental factors that sway perception. Likewise, analyse them as a whole within a
framework and not as individual and independent elements to have an overall understanding of

the context.

Structured sketch maps are often used as a method to capture g@dple ONA YS LISNIOS LI A 2
collecting data about the places that are perceived as safe or unsafe. This type of sketch maps

enables to keep the consistency of the reference context and thus extract spatial attributes out

of the sketched features. The exploratiof these features using GIS, spatial analysis and

statistics methods could enable the understanding of the factors that influence perception.
Consequently, allow the comprehension of the spatial arrangement of perceived safe and unsafe

places.

This resarch aims to apply this approach in a case study. Some variables will be extracted from
sketch maps and analysed to determine which of those variables are related to the perception
of safe and unsafe areas. Moreovar,prototype of a GeoVisual Analyticsndéronment is
proposed. This type of interfaces enables the understanding of the complex relationships
between multivariate and spatiotemporal datasets. In this case, a set of tools for the visualisation
and analysis of perception data are integrated fgpsut police agencies in the development of

strategies to reduce misperception of crime.
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Chapter 1

Introd uction

In this first chapter, theesearch contextf the thesis iexposedBasc concepts and target
statements aredefined in order to give a general backgroutw the problemto be

addresed (section1.1).

Moreover,the general and specifabjectivesare listed, as well as the identifiegsearch
guestions(section 1.2) to be tackled along the research process. Each specific objective is
addressed in a different chaptén which the mehodology, results and preliminary
conclusions are presesd. Therefore, a general outline of the whoethodology(section

1.39)is describedherein order to give an overall view of the workflow that was followed.

In the last section, thestructure (section 1.4) of the thesisis presenéd with a brief

description of the contestof each chapter.



Chapter 1 Introduction

1.1Research context and problem statement

Human perception has been studimdstlyby Ps/chology, but since the second half of the twasth

century, it is also of the interest of spatial sciences, such as Geography. The interest lies in the

dzy RSNEGFYRAY3I 2F &aLI OS olFaSR 2y LIS2L) SQa Ayairaki:
mental map, based on the collection of information by sensorial perception. The geometry and

attributes of each individual cognitive map are shaped by internal and external factors. The main

tangible representation of a cognitive map is the sketch map.

A sketchmap is the main mapping method to graphically depict the spatial knowledge of individuals.
Relative location, geometric attributes, as well as impressions and beliefs about places can be
portrayed on these representations. Sketch mapping is a recurreihochébr the collection of data

I 6 2dzi LIS 2 LI . ReQenrcheiShsud S1adé iise of this method in the study of diverse social
geographicamatters such as emergency management, hazard planning, land use planning and
community safety (Sloan, Doran, Maakih& Pammer, 2016).

Crimestudiesis oneof the research aream whichstructured sketch maps argilizedwith the aim

of collecting data abodear of crime Curtis,2012 Kohm 2009 and perception of crimé&picer Sag

& Brantingham, 2014&uhrmannHuynh & Schol2013 Lopez & Lukinbe®010 andthey areusually
exploredwith the use of GIShE consistentatialreference of structured sketch mapeables their
analysiswith spatial toolsdue tothe fact thatthey are drawn over a printed oigital base map
However, the analysis is often limited to overlay, aggregation and illostgairposes,mainly
resulting in a visual and descriptive analysis (Curtis, 2012). The exploration, data extraction and
analysis of sketch maps for crime peraeptstudiesmay be improvedwith the integration of GIS,
statistical methods and spatial analysis.

Althoughthere are several theories thakplain the factors that sway the perception of crime, the
spatial component of it has noebnexploredin depth Spatial characterization of those factors could
result in a better understanding of the location of identified unsafe areas. The relevance of this lies in
the fact that perception is not always similar to reality: perceptions of crime often mismatcluhle ac
crime statistics. This disparity is known as the crime perception gap and it arises when a person has
an inaccurate insight of safety. There are two typesriofie perceptioninaccuracy a person can
perceive an area as unsafe, whereas it is saf@ersmn can conceive a place as safe but it is actually
unsafe.

Ly GKAA& NBaSIFNODKzZ (GKS GSNY al OOdzN» Ok Ayl OOdzNY O@
consistency between what is perceived and the reality defined by objective measurements. As
perOSLIIA2Y OFlyy2i 06S RSAONAOGSR a4 AGaNRIKGE 2N agNPp
establish whether or not the perceived attribute matches with the actual value. Another term that

Ydzad 06S RSTAYSR Aa af S@St 2 ThiQdNdbtYised dsI8 MaaSielofi 2y | O
K2g Of2al8S | LIS2L)X SQa LISNODSLIIA2Yy Aa (2 NBIftAGeY oc
percentage of people who have an accurate or inaccurate perception among the total number of

people who participate in survey.

¢CKAA AYylFOOdzNY 08 Oly KIFI@S Iy AYLI OG 2y LIS2LX SQ&a R
importance of narrowing thidggL,d A& (G KS y SSR #ualijlofAife ISt giudigschaveldS 2 L S Q
evidenced that fear can alter mental healthe to anxiety (Foster, Git€orti, & Knuiman, 2010). It

OFy NBAGNAROG GKS LIS2L) SQa RIAfe FOGAGAGE F NBI | a
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daily routines. As a consequence, the reduction of people transiting would force thdioelafa
services offered due to a lack of clients. All this would result in a reorganization of the spatial structure
at microscale.

Thus, there is a need to incregserception accuracy with localizettategies that can narrow the
gap. Although policegencies have developed actions to addresssbig they have mainly focused
on reducinghe fear of crime (Cordner, 2010; Grabosky, 1995; Bennett, 198&y are particularly
focussing orthe inaccurate perception of high crime, in which people belieskthe level of crime
incidents is highwhereas imealityit is low.But thenthere is still the need to narrow the gapan
inaccurae perceptionof low crimein existing crime hotspotshereinthe people are not aware of
the risk of victimization.

Therefore, the strategies to narrow the crime perception gap must consider social, environmental and

AL GAFE FFOG2NR GKFG agl e LIS2LX SQa thisidipldali A 2y @ ¢ K
in priority areas characterized by the levethw peopleQ & LIS N S LJ(iPolkeg agence® dadd O &

the bureaus responsibfer developing plans of action (Cordner, 20H&nce, they must be provided

with tools that allow them to explore and relate multivariate datasets in order to ease the decision

makng in the design of targeted strategies.

1.2 Objectives and research questions

The aim of the research is to present an integrated analysis of structured sketch maps in the study of
crime perceptionby performinga numerical and spatial analysis of da¢a extracted from the maps
andby desigring a geovisualization environment th&ipports their visual and analytical reasoning.

Thus, thegeneral objective of this research is:

G ¢ 2 | dzllyexamine silust@edl sketch maps to analyse and map crime
perception. Moreover, to design a geovisual analytissrenment that eases the
decisionmaking in the develapentof strategies to amenthe LISNOSLIi A2y 2F ONRYSE

In order to fulfithis, three specific objectivagere defined:
1. To analyséhe locationof perceived unsafe areas in relation to a) the distribution of crime
AYyOARSyGa FyR 00 LIS2LX SQa OGA@AGE aL)l OSao
2. To determineand explorethé OO dzNJ O& 2 F LJS2LJ SQa ONAYS LISNOS

distribution

3. Toconceptually design a GeoVisuadkxtic environment for the exploration and reasoning
of perceptions of crime.

To tackle each specific objective fiparticular questions have to be answered along the research
process:

112 KFEG A& GKS NBfFdA2yakKALl oS imegdourhdokahd LIS 2 LI SO
daily routes) and the location of the areas they perceive as unsafe?

1.2 What is the relationship between the location of the crime incidents and the perceived
unsafe areas?
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21 Howtomeasuréi KS | OOdzN} 08 27F LIS2L) SQa ONRYS LISNDSLI
2.2 How can the location of inaccurately perceived unsafe areas be explained by the spatial

distribution ofanother explanatoryariable?

3.1 Which tools and represertians could be integrated in a GeoVisuaalitic interface to

explore and analyse crime percept?

The specific objectives are addressed in separate chapters in iviidetimethodologythe results
and conclusions of eadmne are presentedAn overview of the ent framework is described in the
next section.

1.3 Methodology overview

The apfied methodology islivided into three phases thabrrespond with each specific objective.

The first phase comprises performing an exploratory modelling of the data extracted from structured
sketch maps; the second phase is a spatial arrangement oullicke includesletermining thespatial
distributionof crime perception and its analysis; the last stage is the geovisualization development in
which an interactive environment will be designed (but not constructed). A summary of each phase is
given below:

1)

Exploratory modellingzonsiss of exploring the spatial relations between the location of the

areas that people perceived as unsafesafel YR 0 LIS2LJ SQ& Yy SAIKO 2 dzN.
routes and b) the location of crime inciderfr this,five related spaal variableswill be

extracted from the sketch majpy performing spatial queries. These variabléidetreated

as covariates for bivariate logistic regression analysisth the purpose of defininghich

variablesexplain higher percentages thie variability of the likelihood of perceiving an area

as unsafeThe resultant significant factors can afterwards be explored in a spatial context to

uncover the spatial relations between them for an integral understanding of the crime

perception accuracy spal arrangement.

2) Satial delineation of the perception accuragpmprises the comparison between the

3)

perceived ancireferencéi I FSG & Of I aaATAOL (A 2 ywi bedarived WLISNDS
from the structuredsketch maps, through which partiaits basically classified the city into

unsafe and safe aredsy drawing polygons over a basep a S| Yy KAt S | WNBTFS
Of raaAFAOFIGAZ2YQ gAftf 0S oFaSR 2y GKS ONRYS K2

Both classifications illv be comparedto define areas that areaccurately or iaccurately

classified. Then, the level of accuradlf be estimated withiil KS LISNDSy G+ 38 27F W(
perceived classifications.

Last a bivariate spatial correlation analysit beperformed to findout the possible relations
between two variableshet couldexplain the accuracy €S 2 LI S @etcepdid Y S

Development of a GeoVisual Analytics environmeoisists of designg the GeoVisual
Analytics environment that encompasses: a) the description of the potential users, b) a
statement of the proldms that the tool is designed to solve, c¢) the questions that can be
answered with it, d) and the list of functions and the design of the interface.
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Figure 1.1 shows a diagram in which the connection between the three objectives is
illustrated. The spedaif objectives follow three of thBrinciples of Geograptijat are the
fundamental concepts for any geographical or spatial siddgget, 1979)The explanatory
modelling will set theausality or originf the problem, understood as the factors that sway
crime perception; the spatial arrangement outline is focused ototiaion or distributiorof

the perception of crime and theegvisualization developmeig directed to exploring the
relationsbetween the factors and location.

Therefore, the resultsf objective one define the viables that are relevant famderstanding crime
perception. The main output of objective two is the location of the perceived safe and unsafe places
and whether this perception is accurate or not. In order to understantbtid@ton, we go back to the
results of the first objective. The analytical tool developed in objective three is meant to enable the
visualanalysis of the spatial distribution of the significant explanatory variables and the perceived
unsafe places.

m—» Objective 1- Exploratorymodelling

1.Extractionof spatial attributes (covariates) from the sketch ma

2.Testingand selectiorof covariatesvith binomial logistic
regression

3.Interpretation ofthe resultant coefficients

m—> Objective 2 Spatial arrangement outline

1.Classification of blocks in sdfensafe according teketch maps.

2.Comparison between perceived and actual classification.
3.Determiration ofthe level of accuracy/inaccuracy of perceptiol
4. Performance ofa bivariate analysis.

Objective 3 Geovisualizationlevelopment

1.Definition of the govisual analytics environment

2.Conceptual desigof the usermterface.

Figurel.1 Stages of the research process

The three phases are intended to show the relevance of the extraction of data from sketch maps and

its analysis in perception studiédoreover,they aim to demonstratbow an integral analysis can

contributeto the understanding of the spatial expressiohd 2 LJX SQa LISNDSLIiA2y d Ly
perception, the aim is to bridge the gap with located actions based on the comprehension of the

related social and spatial factors thafluencethe perception of crime. The inquiry of the spatial

attributes thatare associated with those factors, such as location, distances, neighbouring elements

and topological relations might contribute to the design of targeted strategies to narrow the crime
perception gap.
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This research makes use of a case study in whichrédsented methodology will be implemented.

The data available correspond to an online survey conducted in Budapest, Hungary. It consisted of
drawn structured sketch maps to depict the safe and unsafe areas in the city. The dataset was
gathered in 2017. Hse sketch maps will be analysed in the exploratory modelling stage. For the
second stage these sketch maps will be compared with the locations of the hotspots. The hotspots
will be defined by the crime incidents that were reported in Budapest in 201f7e last stage, a
prototype of a geovisual analytics environment will be presented employing these data to exemplify
the functionalities.

1.4 Thesis structure

This thesis is organized in seven chapters, including the presented introduction, in whih a br
research context, the main and specific objectives, the identified research questions and a general
outline of the implemented methodology were described. In the second chapter, a literature review
is presented as the theoretical and conceptual franr&wtbat endorses this research project. The
third chapter contains the description of the datasets, the preprocessing and geoprocessing
procedures performed, as well as the list of software used. In the next three chapters, the
methodology, results and colusions of the exploratory modelling, spatial arrangement outline and
the geovisualization environment development are presented. In the seventh chapter, the answers to
the research questions will be summarized and general conclusions and recommetidafiottser
research will be stated.



Chapter 2

Maps andperception of crime

This chapter is dividedtmfour sectionsIn the first ong2.1) the distinction between the
two main conceptperception andcognitionwill beaddressedas well atheir connotation

in spatial and cartographic terms. The difference betvwasgmitive mappings a process
and a cognitive mapasan internal cartographiproductwill be defined, to consequently
continue wth the introduction ofsketch mapss the external representation of cognitive
maps The relevance of sketch maps as a data collection method for perceptiowitlata
be discussedespecially ithe perception of safenesas well as the use of GIS foeith

analysis.

The second sectiof?2.2) will be centered on the concepts of risk, fear anahainly the
perception of crimeThe la conceptisthe most relevant in this researcBeveral theories

that explain the factis that swaythe perception of crimewill be expoundedon briefly,
including the influence of heuristics as one of the main emotional factors that mold

perception.

Section 2.3 defines perception accuracynd a classificatiof it will be presented,
differentiating betweentwo types of accurate perception and two types of inaccurate
perception In crime studiestheselatter are known aghe crime perception gagsome of

the negative effects of therimeperception gapvill be mentioned angtherefore, the need

of narrowing the gap, as well as the importance of executing integral data analysis for the
developnent of strategies that bridge the gaphe last sectioi2.4) is the conclusion of

this chapter.






Chapter2 Maps and perception of crime

2.1 Perception, cognition and maps

Mapping is part ochumannature. Maps as simplified spatial images have been in force even before
the writing was developed (Raisz, 1985). Mental maps can be considered as the very first maps. The
concepton of this mental images of our surrounding environment based on individual perceptions
and spatial knowledge have been created due to the need of being aware of where we are standing
and the need of knowing our nearby space. This mental process imgiligs donscious of the
attributes and relative location of objects and places.

Human perception refers to the process of acquiring information through the senses. The study of
perception was initiated by psychologists, whose focus was the inquiry of thel pescess of

bringing together sensorial information, usually detached from the physical context. During the
second part of the last century, this paradigm changed. Geographers pointed out the strong
relationship between perception and geographic studiesause geographic space was considered

Fa | YSydlt O2yO0SLiidz t ATIGA2yd 222R omepTrnd YSyi.
noticeable effect on thetvehaviour FollowingV# 2 RQa (i K S 2 Nubopose? thet Gebdraphy Y A NJ
should be divided inttwo major areas: phenomenal environment dr&haviouraknvironment. For

the latter, now known aBehaviouralseography, perception is defined as a selective gathering of
images and ideas coming from the interaction with the environment and linked togéthg@revious
knowledge, memories and valu&¥dod, 1970.

It is not a trivial task to define the difference between perception and coghiitauseboth of them

are conceptually strongly linked and is difficult to mutually exclude them. There havesdiae

attempts to outline them in a clearer way. Da@amd Stea (1973) expourah that both are related

to the organization and interpretation of the information, however the difference is that perception

A &he process that occurs because of the preserfi@n object, and that results in the immediate
apprehension of that object by one or more ofthesénSes g KA f S O23yAlGA2Yy A& (KS |
in a second frame because is not linked with thenédiate context. For Steaq cited in Dowsi&

SteampT o0 GKS RATFTSNBopddion bchulsdn a Spdtialicdat®xt wihénl-te Spaced a d

of interest are so extensive that they cannot be perceived of apprehendedéatonce Yy R KS adz338S:
that cognition is a more complex process than perceptiod, G KS f | &G A & beefef @8 02y OS
spatial perceptiorss @

In Cartography, cognition is explained under the concept of cognitive mapping that is a mental process
0K G 02 fraatedaidicollect organize, store, recall and manipulate infamabout the

spatial environmedt 0 $& $ted, 1977). Space perception is then understood as an encompassed
subprocess within the cognitive mapping major process, which embraces the creation of mental
images of a given space. The output of the cognitiajeping process is a cognitive map that includes,

not only information about relative locations, relative distances, geometries and directions, but also
about nonvisible characteristics of features and places (MatekRRddeach & Qiu, 200Golledge,
1997;Dowrs & Stea, 1973).

YSOAY [eyOK Ay KAa 0221 W¢KS LYF3AS 2F GKS /AGeQ o
that constitute the base of an urban cognitive map: paths, boundaries, districts, nodes and landmarks.
Therefore, a cognitivmap of an urban environment is an inner image that comprehends the urban

base, defined by the five basic structures, with ametrical arrangement but a relational one, plus

the physical and nephysical attributes, all defined by the individual cogaiprocess. Dovaand
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{GSIF omdpTolv ARSYyGATe (g2 eashvel@néutrdl G0 NRO 8zFBH 2l RE &
that are caffectively chargegd® ¢ KS aSf SOGA2Yy FTyR Ffft20F0A2y 27F
AYOUSNY I Tl GifaNga @ dzQES alEdllddy@ROg7andi extérnaR#stars such as

social responses, temporal, cultural and physical context.

Cognitive maps are individual, not tangible spatial models; to refer to their physical depiction, the

term cognitive repremntation or cognitive configuration is used. Sketch maps appear to be the most

use ofthe cognitive representations, especially to collect information from individual perceptual
knowledgeand individual reliable sgil information (Blades, 1990They ha® been used as an

AYL SYSyiGd G2 OFLIWidzNB LIS2L) SQa LISNOSLIIA2Y F2N RA
wayfinding, planning, risk management and marketwl¢dge, 1997)

There are two different typeof sketch mappingdfree recalk (Fgure 2.1) Iy Rtructured sketch
mapping (Fgure 2.2. In the first methodthe map is drawron a blank paperin the second, the
features are sket@d over a consistent printed or digital base m3jpéret al.,2016).

ﬂ& L/-E:"1‘”

T
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Chapter2 Maps and perception of crime

Theanalysiof structured sketch majs easel by the use of Geographic Information Systems (&4S)

they have a consistent special referenCairtis, Shiau, Lowery, Sloane, Hennigan and Curtis (2014)
present a review of twelve resent studies that integrate GIS and sketch maps, where spatial processes
like chta aggregation, patterns analysis, overlapping operations and raster analysis are performed. The
usage of GIS for the analysis of sketch maps allows an integral study of perception (Curtis, 2012) as
more spatial data can be incorporated in the analypoatess. On the other side, the studies of the
spatial features and phenomena which incorporates perception data can lead to a more complete
characterization of the space and bring rounded conclusions.

The use of sketch maps in spatial perception researblas been a common practice especially in
crime perception studies (Curtis, 2012). In this case, sketch maps are used to capture the external
F2NY 2F LIS2L) SQa al FSySaa O023ayAlGAOS YI L 6KAOK
persor@ insight. The most common method of data collection is to ask the survey respondents to
identify, usually, in a printed base map (Curtis et al., 2014; Spicer, & Brantingham, 2014; Kohm, 2009;
Matei et al., 2001), the places or areas where they think thexdnigher risk of victimization. Often

the sketch map goes with a questionnaire to characterize the drawn map or -althickprocess is
performed to add extra information (Lopez & Lukinbeal, 2010). Other method incorporates the use of
digital media that kows an integral data collection as the data is recomdesity the volunteers are

asked to carry a mobile device to record informatiolenkalking along an area where crime fear is
triggered (Solymosi, Bowers and Fujiyama, 2015). In a similar wtuw&h Hart, Coomber and Bond
(2017) present an Ecological Momentary Assessments to collect edapeadent perception.

The aim of gathering andnalysingsafeness cognitive maps is to create a spatial model of the
dmaginablé &1 FS{& | deirdnrheitXPdéock21979)iiltK=8varito know the collective
perception that the ihabitants have assented of public spaces, as having an inaccurate perception of

dzé

safety can have an impact adS 2 LJf SQa RIFAf & fATFTSE a20nhdidwhy SKI A 2 d:

crime perception has become an attentigrabbing area of study not only in Criminologydiso in
Geography and othe3patial Sciences.

In the next sectiorthree major concepts in crime perception studies are explained: perception of
crimerisk, fear of crime and crime perception. The limits between them are hard to set as they are
closely linked together. Nevertheless, there are key ideas that can help distinguish them in a clearer
way.

2.2 Crime: risk, fear and perception

Crime is an agut of social life that has been studied from different perspectives as it involves an
assortment of social, psychological and geographical aspects. Diverse sciences have taken part in the
identification and understanding tife factors that are involvedhia criminal event. Beyond from the

events itself, different studies have tackled their social impact. One of the main social concerns is the
risk of becoming a victim. The feeling of insecurity is mostly triggered by the fear of crime as an
emotional respnse and the crime perception as a cognitive assessment (Foster, Knuiman, Wood &
GilesCorti, 2013).

Perception of crime risk and fear of crime are both related to worry and uncertainty, the difference
between them lies on the temporality of the responBear of crime is an emotion shown as an
immediate reaction in the face of a proximate threat, while the perception of crime risk is generated

11
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08 GRAAGIYG LRGSYGAFT KFENXYE oWFHOlaz2y 3 D2dzASGAZ H
proces that can combine two directions of thoughts, one based on objective information and the

other one influenced by emotions. Loewenstein, Weber, Hsee aichW2001) defined these two

directions,risk as a feeling, which is a perception bias by an imw#tid emotional way completely

disregarding the real probability of victimization, and risk as analysis, which is defined by logical and
impartial information.

Crime perception researeh studycrime risk as a feeling, the perception of risk is basedithdre
subjective probability of becoming a victim (Jackson & Gouseti, 2014) and commonly the risk has a
negative connotation related to dangerous situations (Kelhst297). Perception of crime risk is
modelledby the envisioned vulnerability of becomia victim of a criminal offense; it is an enduring,

but not permanent, conception in time.

The perception of crime risk can be altered by an internal and external stimulus in a given situation,
triggering an immediate emotional response of fear of crififee fear of crime is defined by

NI YGAYIKEY | yR . Nbngitipdcyeadd bya catairgspgapaband témpdral abntext
in which a person feels vulnerable to become a victim of criminaléattack¢ KA & O2y G SEG A& y2
defined by a hig crime environment, and various researches have concluded that the perceived crime
NA&]l FYyR LIS2L) SQa FSINIINB y2i NBtlFTGSR gAGK Fy IO
1980), which means there are other factors that sway this typd®2 LJf SQ& NBalLl2yasSaod

Dorand and Burgeq2011) present a review different theories that explain theauses that trigger
fear of crimeandhaving a high crime risk. Ttieories are grouped according to tfaetors that may
explain the trigger of thesemotionalresponsegFigure 2.3
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Figure 2.3Theories that explain fear of crime and perception of crime risk (based on
Dorand and Burgess, 2011).

12



Chapter2 Maps and perception of crime

The demographic theories associate previous experiences of victimization and some demographic
characteristics with a higher crime fear, for instance, women and elder people tend to feel more
vulnerable. The social thees relate fear and risk with the social disintegration and lack of
organization in a community. Meanwhile, the environmental theories expouartle social and
physical characteristics of the landscape as a factor of crime fear and perception of aiskgbler
victimization. This categorization does not mean that the theories are mutually exclusive and although
there are researches that support these theories, there are others that contrast thdmef
description of the hypothesis is presented be{seeDorand and Burgess, 2011

Demographic theories

A Victimization hypothesigpeople with previous experience of direct victimization tend to feel
more vulnerable and perceive a higher level of risk (Crank et al., 2003; Mesch, 2000; Skogan &
Maxfield,1981).

A Indirect victimization hypothesigon-victims sense the same fear as a direct victims when they
1y26 | o02dzi a2YS2ySQa ONARYS SyO2dzyiSNB dzadz ff &
communication (Clark, 280QHanson, Smith, Kilpatrick & Free2§00)

The Media: media aggravates perceptions of risk of victimizatitmough different
approaches: cultivation, substitution, resonance, social congparéd interpersonal
diffusion(Lane and Meeker, 2003).

Interpersonal _communication@i Ol A Y& Q of FidtiSinaioS ys@ehds through
communication networks, nevictims increases their fear of crime and the perceived risk of
victimization(Mawby, Brut & Hamb}\2000; Taylor and Hale, 1986).

A Vulnerabilities hypothesishe level of fear of crime variesrfevery sociodemographic group;
each one believes is more vulnerable to criminal victimization, for example, womeldeurg
(Warr, 2000; Lisk&anchirico & Reed988).

Sociatheories

A Risk society hypothespeople tend to feel in danger and thiteaed from unknown situations
as result of anxiety condition; their fear is extended to other (Lianos & Douglas, 2000; Beck,
1992).

A Social disorganization hypothessegregation of social organization breaks communication
channels preventing the maintemee of public order, which derives intime and delinquency
(Sun,Triplett& Gainey 2004; CochramBromley& Branch2000; Taylor & Covington, 1993).

Subcultural diversity ypothesis:fear of crime is developed when people live close to
someone from8 FFSNBYy G Odzf G dzZNB 6 NI OAlf RAG&EBMBAGEROI R
Meeker, 2003

Socialintegration lypotheses:ithe lack of social integration, communication and support
within a community increases the fear of crif@ank et al., 2003; Markd@w, Bellair, Liska
& Liu, 2001

13



Chapter2 Maps and perception of crime

Community concern ypothesis: when a community declines socially and physically,
inhabitants and external people develop a state of caution and fear of crinree&Meeker,
2003; Covington & Taylor, 1991).

Social changeypothesis:fear of crime results from people resents the process of social
changes, for instance, diversification of races, declination of economy and increase of
unemployment. Fear develops laese of the changes in space (Clark, 2003; Furstenberg,
1971).

Environmentaltheories

A The disorder/incivilities hypothesithe social-drug users, gangs, beggaend physical
abandoned cars, damaged buildings, graffitaracteristics of an environmigmave an influence
2OSNI LIS2L) SQa FSINI2F ONAYSP® 5A32NRSNI YR AyOAd
and vandalism (Millie & Herrington, 2005; Crank et al., 2003; Tulloch, 12888, Fisher&
Grannis 1993).

A Threatening and safe enonments theoriesareas with certain characteristics, not necessarily
disorder or incivilities, are considered apt for criminal victimization; for instance, a street with
poor lighting, overgrown vegetation and alleyways (Cozens, 2002; Kuo & Suli¢an, 20

A Signal crimes perspectivessime and disorder affect the people in a different way and with a
dissimilar intensity; also each person interprets therh different connotations (Innekjelding
& Langan2002).

Perception of crime risk and feararfime play an important role in the cognitive mapping process. As
mentioned before, this process is about designing a mental image of the geometry and characteristics
of the space. The perception of risk and the fear of crime define the descriptive dudtiega
attributes Golledge, 199y/related to safeness in our cognitive map.

This attribution is based on the subjective probability of victimization that is associated with the
perceived amount of criminal activity, this is known as crime perceptioile,Vépatial crime
perception defines the characteristics of a location in term of safeness, commonly categorized as safe
or unsafe. Hence, perception and fear set attributes to objects and places shaping the space in a
cognitive map as an arrangement efgeived and real spatial characteristics.

Brantingham and Brantingham (1981) identify four theories that explain the criminal activity based
on environmental criminology, which theorizes about the influence of the environment on

victimization and crimiriy. Spicer, Song and Brantingham (2014) took these theories and diverted
them to explain the crime perception from a spatial point of view:

®m Routine activity theonjt considers three elements: the victim, the offender and the location.
During the da@ F OG0 ABAGASAST (KSNBI UINGSE Sa OBdf N AR2lIay agA (&K
perceived offender can find an opportunity to victimize an individual. These scenarios are
produced in certain routes and time of the day, which can trigger a fear feeling as aseespon
to the perceived situation.

14



Chapter2 Maps and perception of crime

m Rational choicetheorfc i € AS& 2@SNJ GKS adzllll2aAiridAazy GKIG
decisionmaking process. Under this theory, the perceived risk of victimization influence
LIS2 LI SQa | OG A 2ey somsidétisgPatentlalzisk and bassible Gohsequences, but
not always risky situations or spaces can be avoided.

m Geometry of crimepeople buildup an activity space in which their daily routines and routes
happen, as far as possible, it will corregpavith an awareness space where situations and
places of perceived high risk of victimization can be avoided.

m Crime Pattern theoryLJS2 L)X S RSTAYS wal FSde GSYLilGdSaqQ
cognitive map.

These schemes place the perceptidrerime in a spatial context, they expowstthow perception is
related to decisiommaking, awareness space and activity spaces. This means there is an intrinsic
relationship between perception and spaéée foundations of the environmental theories expl

how the physical context of public spaces is relevant forrsipagirception of safetjResearches that
support environmental theories have identified the level of incivility as one of the principal features
that underpinthe relation perceptiorspace(Kohm, 2009; Lewis & Maxfield, 1980).

Millie and Herrington (2005) recognize two aspects of incivility: disorderly physical surroesutihgs

as graffiti, abandoned buildings, littend disruptive social behavigbeggars, gangs, street drinkers

and drug addicts. This kind of physical conditions and social conducts psxoptern and fear as

they reflect apt scenarios for criminal offenses to occur, and that the image is that people perceived,
creating a sense of danger and thus, setting an unsafeilyLaeé.

Althoughphysical attributeplays an important role in crime perception, there are also social factors
that have an impact on it. Lora (2016) points out that safety perceptistramgly influenced by the
affect and availability heuristitsHeuristics are mental shortcuts for decisimaking based on the
promptly available information.

¢KS I TFSOG dieHguidimialicuesdd dueNdfeelings of érusica, 2015 they describe

how the assignation based on emotions or attachmegltrfgs can affect the judgment of risk. In this
direction, Carvalho and Lewis (2003) explain that the crime perception is also shaped by how distant
or linked people are related to security issues, although it is an aspect of social and daily life, some
people consider them as a more salient problem than others. These problems then overshadow

LIS 2

G2

LIS2L) SQ&a RIFEAf@ fAFST IASYSNIGAYy3d | KAIKSNI dzyal §S

detached to these problems, their reactions tend to be neutrat@re objective.

Meanwhile, the availability heuristics (Tversky and Kahneman, 1974, as cited in Jackson & Gouseti,
2014) predicts that the probability of an event tends to be judged by the ease with which instances of
it can be retrieved from memdridag&son & Gouseti, 2014). These memories mainly referred to direct
andindirect victimization (Figur2.3 and the information available in the media (Lora, 2016) which
produce a constant image of risk. Consequently, the prolyadifilitictimization tends to be perceived

as high in such a way that increase the identification of fear spots, which are the places where people
feel more vulnerable to criminal attacks but there is a low crime rate (Fisher & Nasar, 1995).

It is more commno then, that people tend to overestimate the crime rate or to misidentify the unsafe
areas. However, there is also the case when people underestimate this rate and are not aware of the
high risk of victimization. Both misconceptions can have negativenoggcas people can develop
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Chapter2 Maps and perception of crime

cognitive maps that are far away from reality, indicating a gap between the perceived attributes and
the actual ones. This is known as perception gap. When these attributes are related to safeness and
crimeincidentsit is calledhe crime perception gap.

2.3 Theaccuracy otrime perception

20K a20AFf YR LKeaAOlt SYy@ANBYYSydalrft T O0G2N&
safety cognitive map is an individual spatial model in which each person attributes anlgective
characteristics in term of safeness. Usually, this attribution does not coincide waittdlaone. It is

frequently the case where there is a misconception of the current crime rate. This is known as crime
perception gap and is defined the difference between the level of insecurity that is conceived by a
person and theactuallevel of insecurity based on actual crimeidents(Mohan, Twigg & Taylor,

2011).

The gap cabe present in two way# is believed that the crime rate is higtillean the actual rate or
inversely, it is thought that the crime rate is lower than the actual lrsgeead ofn terms of an ordinal
scale the crime perception gap can also be regdrto ona nominal one, by misclassifying the safe
areas as unsafe arlde unsafe areas as safe. Usually, these terms are more curies#g as in this
case, perception is a qualitative assessment rather than a quantitative one. Zigah®ws this
binary classificatian

REFERENCE

SAFE UNSAFE
=z
o Accurate perception Inaccurate perception
i of safe area (AS) of safe area (IS)
o
Ll
o . :
r < Inaccurate perception Accurate perception
Ll % of unsafe area (IU) of unsafe area (AU)
o

Figure 2.4T'ypes of crime perception accuracy based on safety attributions.

Researchof crime perceptiorperformed in differat countries likehe United Kingdom, Australia,

South Africa, Colombia and the United States hdeatified the existence of gagh y LJS2 LJ S Q&
perceptiors(Mohanet al, 2011). It is more common to find people who believe that crime rate, either

stays moe or less constant or keeps rising, even though the statistics can prove these ideas wrong
(Millie & Herrington, 2005), than people thinking that there has been a reduction of criminal events.

This overestimation is not only related with the numbeindflentsbut also depend on the type of

crime; Pfeiffer, Windzio and Kleimann (2005) found that people think that the type of crime that they

are more vulnerable at, is the one which has increased the most.

In spatial crime perception studies, this gap isallg distinguished by comparing safety sketch maps
where people identify unsafe areas and maps thegtic the location of crime hepots. When
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Chapter2 Maps and perception of crime

overlapping both, the identified areas frequently do carrespond with the hapots. Which means,
people tagow crime rate areas as unsafe ojmsalso mayappen that participants categorize unsafe
areas as safe.

As explained befordlJ is usually related to heuristics or incivilities, some people make this type of
misclassification in areas where they ass [Eamiliar with or where they are not related. Whilelthe

happens usually in people's owaighbourhood G KI G Oly 68 SELX I AYSR o6& (c*
that consist in assigning a higleerbettervalue to the objects we possess, than to the same tshjec

that we do not own (Kahneman et al. 1990 as cited in Lora, 2016). In crime perception, this can be

applied when people tend to characterize the#ighbourhoodas safe, under the assumption that

where people belong to, exist better conditions than tlier@undings. People tend to have a

perceptual bias due to a feeling of attachment toward the own communitgighbourhoodDuffy,

Wake, Burrows & Bremer, 2008).

These social misperceptions can have an impact on different aspects. For the caSegebaie are

not aware of the high risk of victimization, thus appropriate precautions are not being taken and the
probability of an attack increases. For thehe impact can be on a bigger scale and its effects can

last for a longer time, asithasrepdzd & A 2y a 2y LIS2LJ) SQa tAFSadaetsS 6! N
RuizVega, 2013), health due to anxiety (Foster, Gil@dsi, & Knuiman, 2010), sodshaviourand

the spatialaind economiclynamics (Doran & Burgess, 2012). A high crime perception caot tbstri

individual daily activity area of a person due to the avoidance of unsafe areas or streets at certain

hours, thus people might have to change their daily routes. On those identified areas, fewer people

would transit there, eventually forcing theaehtion of shops, restaurants, or any business that could

be affected, which will lead to a reorganization of the spatial activities.

Narrowing the perception gaplso relevantas reducing the crime rate. Some researchers have

determined that publishinRF G | 62dzi ONRYS &dFGA&aGA0a Oly KI @€
perceptions (Lore, 2016). Ardanaz et al. (2013) conclude that people improve the perception of safety

by being more positive about police effectiveness and by reducing the perceivafdsrisknization,

due to people who feel well informed tend to be more confident about their safeness (Ardanaz et al.,

2013), improving, in this sense, their quality of life.

The aim of mapping the crime is to communicate spatial crime data in th@bjestive way without
increasng, the fear of crime to theeaders. The first attempts to map the crime evewere back in
the nineteen century in France by Adriano Balbi and Ailitbel Guerrytheymapped thencidens
recorded from 1825 to 182 \(eidurd & McEwen, 1998Figure 2.5) While this kind of data, for
many decades, was on the governmental domain, nowadays the philosophy edatpemave
released it to the public.

¢CKS O2YYdzyAOIFGA2Yy aGNY G§S3IASE Y dgiedter handivedased Y S| y Ay =
(Duffy, Wake, Burrows & Bremer, 2008) other than plain statistical data. The way it is presented can

have a different impact on the reader; it can be used as ardeaiction strategy, but also can have
an inverse déct, as people cabecome anxious about the high crime areas shown in the map.
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education and the number of crimes) érdly, 2007)

Maps are one of the most common representations to visualize crime data, but still, there is still a lack

of studies about the impact of maps on citizen peticgis. The most representative research in this

domain was conducted by Groff et al. (2005). Based on the experiments, where they compare the

impact of different representation methodgables, graduated symbol maps and density mapsy

O2 y Of dzR $adudtdd lsymbobi Haps as the overall preferred method of crime information
GN}yavYyraarzy (G2 OAGAT Sya oAlGK2dzi aA3IyATAOLyGta Ay

alb LAYy GKS LISNOSLIWGA2Yy 3FL) OFy Ffaz2 KIFI@GS +y AYLN
for dedsion making as the competent authorities would be able to identify the places where the gap
perception is, and then develop an action plan to narrow it by informing the citizens about the current
situation. The actions should be towards recovering thdidemce of the inhabitants, not only by

reducing the crime rate but also by increasing the feeling of safeness.

Police agencies hawawaysbeen responsibléor designing strategies for the reduction of fear of
crime (Cordner, 2010; Grabosky, 1995; Benn#®91)/ 2 NRY SNJ 6 H n ™ fearreduiiSny G A T A SR
hypotheses @ KA OK | NB &GNJ) G§S3IASa ( KhedeinddddzedRctianzand] | & LJ2
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prevention of crime, policing located actions, petitzen contact and reducing disorder.orderto

turn these strategies into action plans, it is necessahat@ a general perspective of the location of
the crime perception gap and the factors that sway perception. The integration of spatial information
could ease the design of strategies with miedi target actions and extension.

Therefore, understanding and mapping crime perception and its origins is theilgrinegded for
developingarget strategies to narrodownthe crime perception gap.

2.4 Conclusion

A cognitive map is an inner imaiipat combines subjectiveinformationbased on the way a person
perceives and mentally structures the surrounding environnigrg physical neresentation of a
cognitive maps the sketch mapn spatial crime studies structurelletch maps are the main soarc
ofdata collectioni 2 OF LJG dzNB dafSafdiyf SQa Ay aAraIKi

t S2LJ SQa LISNDS LI redbynuefoudadidistid hatelbgen siuSiedan lgadieet
in demographic, social and environmentaories Some of them consider the spatial attributas
explanatory variablesh@ importance ofinalysinghese factords to better understand how crime
perception work ait is not always consistent with realitjavingan inaccurate perception of crime,
that is a disparitpetween perception and reajitcould retract fronthe quality of life, change social
behaviour and spatial dynamics.

Therefore, it is needed to implement actions focused on increasing the accuracy of perception and
consequently narrow the gajPolice agencies are the competent auityoto develop strategies
directed to reduce and prevent crime, but also to implement actions to reassumal@people
awareof the current state of safefgepending of the case

To develop effective strategies first is needed to recognize the oveadithiscontext where the
problem is. This approach is followed to expoanthe casestudy presented in this research. In this
case, two components will characterize the spatial context: the factors that sway people perception
of crime in Budapest and tiepatial arrangement of therime perception accuracy. Ih&pter4, the

first component is addressed by exploring structured sketch maps. Tbhadseomponent is
discussd in Chapter By comparing the location where people identified unsafe/safe plamttha

actual unsafe/safe places.

The methodology used in Chaptdrand5 is different and will be treated separately, but as the data
used in the casstudy is the same, the dataset, as well as the software used in the analysis will be
discussed first ithe next chapter.
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Chapter 3

Datadescription and software

Inthis chapterthe datesetsthat areused in the casstudywill bedescribed as well as the
preprocessing and gpoocessingsection 3.1) transfomations which were requiredo
perform the analysisater on These includeselection, classification, aggregation, data
correction and geocoding. Some processes are descrilskdaihas they are relevant for

the selected methodology.

Additionally, thesoftware andwveb applicatiorisection3.2) that were usedn thisthesis are

briefly describd, including the stagea whichthey were executed.
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Chapter3 Data description and software

3.1 Data: description, prprocesingand geeprocesing

The data used inthis study is derived from na ongoing participatory online survey
(http://bunmegelozes.amk.urbuda.hu) conductat a national levelh Hungaryby the Institute of
Geoinformatics from the Obuda Universiffeinitial participants were students from théniversity
afterwards, the survey spread out by a snowball effdut. data used in this research was collected in
2017and is constrained to thaty of Budapest.

The survey consisted to draw a diggalicturedsketch map over a wellased map, in whiicthe
participant indicated the areas that he or she perceives as unsafe or safe, similarly, they marked with
lines their daily routes. Furthermore, they were asked to give some identifying information such as their
age, sex, postal code where they livg§Ffe3.1) and the main mean of transportation they use.

Obuda-Békasmegyer (1)

® Terézvaros (37)
Erzsébetvaros (2) st 1l
Jozsefvéros (1) e @ Kébanya (54)
Ferencvaros (11) s
L]
Soroksar (7)

Figure 3.INumber of participants per district in Budapest (total number of participants = 113).

Table 3.1 is a summary of thiructuredsketch mapsf the 113 participantdrom the resultant digital
sketchmaps,three vector filesvere extractedperceived safe areas (97 polygofispure3.2 A) daily
routes(214 linesjFigure 3.B), and perceived unsafe are@31 polygons Thedata seswerefiltered

by attributes and location. For the firstpe of filter, if the participants did not provideersonal
information(age and sexjheirsketch maps were not considered as a quality control measure. For the
second filter, if the polygons or lines exceeded the boundaries of Budapest, they were clipped to limit
the analysis within the city. total, there were 1B participants, 39 women anét men, between 18

and 76years old whalrew their daily rate(s)and at least one polygon.

Total Daily Polygons
Gender participants routes Safe Unsafe
Women 39 69 31 84
Men 74 128 66 147

Table 3.1Summary of the structured sketch maps by gender and sketched element.
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Figure 3.ZExamples of the structured sketch maps from the online survey. A) Perceived safe area
sketchedwith a polygon. B) Daily route sketched with a line (black dotted line).

Moreover, the Obuda University provided a CSV file with 60,784 addresses of the recorded crime
incidents in Budapest during 2017. The addresses were geocoded in QGIS using tMMQ@IB

with the web service Nominatim, a search engine for OpenStreetMap data. Part of-greqasing

2F GKS RFEGF gl d GKS NBLIXFOSYSydG 2F Gg2 |1dzy3aF NRLY
recognized bythe URFF Sy O2 RAYy 3 NBIdZANBR 08 b2YAYylFdAYd ¢KS O
Gdz NBALISOUGAGDSEt &> adz as lhar$hgsé tharacters weteSeatche®RiNtBer 4 Sa
website of OpenStreetMap in order to compare the output location of the addresses that included the

original characters and the same addresses but with the mentioned change. The result was that both
addresses wergieocoded in the same location. So the changed of characters did not affect the
geocoding.

From the data cleaning process, 1,218 rec¢2ds)were deleted due to the lack of an address. The
process was run with a set of 59,566 records, from which 58, 3ifésabs were geocodetthat equals

to a hit rate of 98%. According to Ratcliffe (2004), a minimum geocoding hit rate (percentage of record
successfully recorded) of 85% is needed to produce an accurate map which reflects the actual
distribution of the crirmal events. In total, there were 1,182%)addresses that could not be
geocoded, some of the reason were due to misspellings mistakes, the use -afcognized
abbreviations, mistaken street types or because the record was not an addrestobationor the

name of glace instead.

The orignal dataset containedrimeincidentsof spatial or nofspatiallyexplicit naturesuch as fraud,
crimesagainst computer system and dakeealth related misuse of documentand blackmail Thus,

the crime data pagsl through another filtered process as the research is directed to the analysis of
street crimes, which are the criminal offenses that happen in public pldeeslala was reduckto
42,805 reports of 41 types of crime, which were groupedsime®t crimesclassedisted inTable 3.2
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Type of crime Count
Theft 19,352
Disturbance and vandalism 11,747

Distribution and drug consumptior 4,356

Larceny 2,670
Assault 2,454
Harassment 2,074
Rape 102
Homicide 47
Kidnapping 3

Table 3.2Number of incidents per street crime type.

The geocoded points wespatially joined tohe city blocks. The blocks vector layer was extracted from
OpenStreetMapThe streets weremanuallydigitalized in order t@assure that all the streets were
connected so thatafterwardsthe line featurexould betransformed into polygon§.he process was

done manually due to the fact that the line vector file frOpenStreetMagontairsa large variety of

types of lines which makes the selection prockffisult as one street can combine different types of

lines. If one type is excluded, a segment of the street would be missing and consequently the shape of
the polygon would change.

The point aggregation in blocks was done due to the quality of theody results. For some
addresses the points were located in the centroid of a block, mainly when the address corresponded
to a specific public place such as a mall, @anort or train stationThe difficulty with thse points is

that this type of plees tendto be the scenario of multiple inciden®, in the same pair of coordinates

there could be more than one hundred points. Thus, grouping the gpbintblock allows a
characterization of the blodk whichthe place is containeand not of a siflg point location.

Addressng researclobjectives one and two implied somanalysis processesidthe datases of the
sketch polygons wergansformed as the type of analysis requiréthe exploratory modelling stage
(Objective 1)consiss of the extracton of data from the structured sketch maps ahdir analysis.
Meanwhile, the spatial delineation of the perceptiomccuracy (Objective 2) comprises the
identificationof the spatial distribution of the accuracy of perception of crime.

The first objectve, theexploratory modellinginvolved the extraction of attributes from the sketch
polygons in order to understaribe factorsthat could be involved in the selection of the areasctvh
the participants identifiedisa safeor an unsafe area. As the esand shapes of the polygons were
diverse, the aim was to characterize the polygonas a whole entity with generalized attributasg

to capturethe different attributes within the area that the polygon covered.

Therefore the drawn polgons were segented into smallnalysisunits. Working with the polygons
as single samples would result in a4poecise analysis because a large area could be influenced by the
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Chapter3 Data description and software

attributes of that sample. Thus, polygons were split into cells with a rectangulan gviich the

centroid of each cell was obtain€Bigure 3. A), so that each centroid could represent one data

sample. The cells length is 45x45m, the size was selected based on the smallest drawn polygon. So
AYAaGaSIER 2F |yl &aAy Zentwidsihat higte withithzhg polygoesyFgmwd3B) OSft f a4 Q
6SNBE SELX 2NBR® ¢KS OSYyiGNRARAQ RIGEF &aSG AyOfdRSa
L2fe3d2yQa L5 yR GKS GeLlS 2F LkRtedzy (2 6KAOK
identified area.

Figure 3.3A) Segmentation of the sketch polygons with a rectangular grid and its centroid. B)
Selection of the centroids within the polygons.

By dividing the polygons into smaller units, it was possible to capture the heterogeneity of the spatial
attributes within the area limited by the sketch polygon. To assure that this method was more
appropriate for the aim of this researchgetanalysis was performed considering the whole polygons
and the segmentation of them. The results were not satisfactory for working with the whole polygon.

The approach of the polygon segmentation is suitable for the analysis of sketch maps itetkteo€on
perception. As a sketch map is the external representation of an individual cognitive map, it has to be
considered that each mental map has a different scale. From the sketched polygons, it can be assumed
that the participants were working at diféat scales, due to, some of them visualized the problem in

a big scale as they traced their polygons following the cityblafdke base mapsneanwhile, other
participants saw the problem in a smaller scale, as their polygons do not have a strucipesdrsd

they did not followed the geometry of the city having a comparably bigger size. To dispel this
differentiation and elude generalizations it was convenient to work with the smallest possible analysis
unit. The purpose of segmenting the polygons weasharacterize as precise as possible the sketch
maps, due to, the polygons drawn are mainly irregular figures that cannot simply be generalized.

For thesecond objective, thepatial delineion of the perception accuracthe aim is to identify the

gpatial distribution of the crime perception accurathis will be done by comparitgo datasets the
MNEFSNBEYOS OYRAGEKEAOQLBNDEEL ISR Of aaAFTAOLGAZ2YE 27
perform the comparison both datasets have to bethie same spatial unitAs the réerence

classification is defined by the actual number of crime events and these were aggregated by blocks, the
perceived classificatioulefined by the sketch polygotmsave to beransformed also inlbcks

The transformtion of safe and unsafe sketch polygons into blocks was done wittieasection
operation The first step was to count the number of safe and unsafe polygons that intersect each block.
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The second step was to label each block as safe or unsafe acdortieghighest percentage of
intercepted polygons by typ&hus, the unit of both datasetbe perceived classification andesence
classificationyas set in blocks and this allow the comparison between them.

3.2 Softwareand web application

The softvare and web applicatiorused for the respective anagss performed in the exploratory
modelling and thepatial delineation of the perception accuratyge is presented below:

APostgreSQL (with PostGIS extension in QGIS)

The vector files were treated gsatial data tables with the ainf performing spatial queries for

the data extraction of the vector fileg/orking with SQL easethe data analysis as it enables
relating more than two vector datasets and allows the integration of different geometthes in
same table, which facilitates the manipulation of the date queries were performed with the
opensource relational database management systeostgreSQWith the PostGIS extension. To
visualize the results, thitatabase management systemas atchedto QGIS

AArcMap

Although working with PostGIS lhmanyadvantages, there argpatialoperations thathave less
computational costf they are performed in a GIS, due ton a GISa vector file contains the
topology information which allows to perfn the spatial queries in a more efficient waycMap
is the GIS used in this resear8lso the maps were desigghin this softwarewhereby,in some
casessome elements were modified or addesing Adobdllustrator.

AGeoDA

Thisfree and opersource softwarevasdeveloped by the $pial Analysis Laboratoyniversity

of lllinois and lately i development continugé in the University of Chicago
(https://geodacenter.github.io/)It was used to perform apatial autocorrelationanalysis to
define the crime hotspotshat determinedthe unsafe areas. This software was alsa tseneet

the second objective while performingah @I NRA I S &naySis.f a2 NI yQa L

AJupyter notebook with Python

The binary logistic regression was executed in Pythitbrthe Scikitlearnmachine learning library
(https://scikitlearn.org and the module for statistical models, StateMls The script wa coded
in theopensource web applicatiodupyter Notebookhttps://jupyter.org.

3.2Conclusions
In this chapter the datasets were described as well as the-grozessing and geprocessing

performed. Each stage of the analysis requires a different data transformation process according to the
set objectives.
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For the exploratory modelling, it is required to workhva small analysis unit that enables to capture

the spatial heterogeneity of the perceived unsafe and safe areas. As each sketched polygons vary in
shape and size, a single data sample for each polygon would not allow performing a detailed extraction
of dtributes.

In the case of thepatial delineation of the perception accuraitye used datasets must be in the same
spatial analysis unit as is a comparative analysis. Thus there has to be a data consistency between the
layers of information. Working wittity blocks is a common practice in crime studies. For the aim of
objective two, the data aggregation of the crime events in blocks is more significant than working with
single points. Besides, the nature of the chosen type of analysis is based oratea@dpetween

spatial units. Therefore it is not possible to consider the crime events as independent observations.

| am aware of the pitfalls of data aggregation and data segmentation in spatial analysis. That is why
some data testing was done to asstire quality of the transformations performed. The selection of

the data transformation methods were picked after comparing the results of the analysis performed
with different datasets. The chosen methods were more efficient or accurate for the airchof ea
objective.

The described data will be the input for the analysis performed in this research. In the three
forthcoming Chapters, the three specific objectives will be addressed. The following Chapter explains
the exploratory modelling in which differeveiriables are extracted from the structured sketch maps
and explore by a regression method.
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Chapter4

Crime perception:
Exploratory modelling

In this chaptethe first specific objective:

To analyse the location of perceived unsafasane relation to a) the distribution
2T ONAYS AyOARSy(a FyR 060 LIS2L} SQa

This chaptewill address the first specifiesearchobjective It is organized in three main
sections The first one is the methodolodgllowed (4.1), in which the binary logistic
regressionis explainedsubsectiord.1.1) as the selected methotb explore the factors
(covariates) that have an impact on the perception of crime. As in any regresskad met
the covariatesor independent variables have to be defindgur covariatesvere chosen

and theirvalues were extracted from the sketch maps. The methods used for the data

extraction are described afterwar{subsectiont.1.2).

The second sction (4.2) coversthe Exploratory Data Analysis(EDA)(subsection4.2.7)
performedwith the values of theovariates. Based on the EDdur hypothesgs linked to
each ovariate were defined and tested with the results of the regres3iba.analysis is
supported with tables, graphs and maps which ease the explanation of the varidthles.
explorationof the output of the modeknd its interpretation ar@resented in thesecond

subsection (4.2.2) of this ®ction

Theconclusionsvith respect to researchbjective one are@ddressed in the thirdection
4.3.
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Chapter4 Crime perception: exploratory modelling

4.1 Methodology

The first researclobjective coves the explanatorymodellingstage Its aim isto examine the impact
thatLJS2 L SQa I Ol A @A G Akighbouidddpad thie Rrimé hotspotdeatmii clirie | Y R
perception. Even though some studies have concluded that perception of satemeislated to the
criminalincidents one of the specific objectives of this research is to explore these variables from a
spatial focus. Therefore, four related variabtee listance from the sketched polygon tolds 2 LJ S Q &
neighbourhoodb) daily ativities routesc) high crime intensityreas and d)crime hot spotsvere
examined to find out their possible relation with the location of the areas that people perceived as
unsafeor safe

The goal is to explothe impact of these four variables dretclassification of the space ingerceived
safetinsafe areas. One of the possibfproachedo address it is bysing asupervised classification
machine learning method

Machine learning is a discipline related to Computer Science, which focuseslopitg systems that

can learn from the data and subsequently use this knowledge for future related tasks. The machine
learning methods are divided into two major types of learning: supervised and unsupervised. In
supervised learning, the inpub) and output @) is known, the aim is to define a functitdo ~ ©

that relates both. The process of defining this function is done with a set of tlainétigddata, which

means, that the outputd) is known. The resultant model is used to cateub for forthcoming
unlabelled data where only the input is known. Supervised learning methods are divided into two
groups: classification and regression. The classification methods group objects or features into
categorical classes, based on their elstgristics (independent variables); meanwhile, the regression
methods predict a numerical continuous variable.

The unsupervised learning is used when the classes are not defined, the @utputrknown but the
input (@) is known, so the aim is toayip the samplelataaccording tdts characteristics, thus there is
no training data neededVhich means, the learning process is done wittgthiendata. Unsupervised
learning methods are classified into two types: clustering and association. Thengustethods
group objects by similarity in attributes or location and the association arbasésl methods.

The aimofthisresearch & (2 FAYR (GKS NBfIFGA2Yy 0SG6SSy (GKS f 2C
the crime hotspots, and the location thfe perceived unsafe and safe areBgcause the input and

output are knownasupervised method was selectékhe target®) variable istte centroid of the cell

GAGK GKS oAyl NEB Of | &hus, itis ascldsification pioEdmFeinput datbld) & dzy a | F S ¢
are calculations derived from spatial analysis between the target and the four variables mentioned

earlier.

There aredifferent classification algorithms in machine leagnisuch agogistic regressigmearest
neighbour, support vectanachines, decision trees, random forestd neural networksThe logistic
regression method differentiasdrom therest, as the output is not only the resultant clésg alsoan
expression ofhe relationship between the independent varigslend theoutput classThis method
performs a classification based@negressiont defines a classification functi@hat sorts arobject

into one of the two given classas™ Q& @ (Mello & Ponti, 2018)asiwhas to be a dichotomous

class The process consists of evaluating the impact of a set of characteristics of the objects or events
@ on the probabity of classifying them into one or other defined class.
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Hence this method is suitable to tackle the first objectif’theresearch, as the problem deals with
binary classification (safe and unsafe) and the coefficients of the regression indicate ithestefabf
the explanatory variables and the dependent variable.

Like in any regression method, there must be a set of independent variables (characteristics) to be
evaluated and a dependent variable, in this case, a binary one. In the next skekiplasy thechosen
method(see4.11) andthe selection and extraction of the independent variabled theirvalues(see

4.1.2.

4.1.1 Binary Logistic Regression

The binary logistic regression is used when the numhmrtpiit classes is reduced to two. This method
defines the relationship between a dichotomous nominal variable and one or more independent
variables, which can be nominal, ordinal or intervdlat become one of the most frequently used
inference method# crime research (Weisburd & Britt, 2007), especially to identify and compare the
effects of the extensive number of factors that influence criminal activity (Weisburd & Piquero, 2008).
This method washoserto define the impact that some spatial varedbhave in perceiving an area as
unsafe or safe.

Contrary to the linear regression in whidimust be acontinuous value, in logistic regression instead
of predicting®> (G KS LINB R xh® dafufal logdrithnaz$h) ok the odds of getting 1 on the
dependent variable Weisburd & Britt, 2007 Getting 1 on the dependent variable means digisg a
feature or object in one of the two defined classes.

An odd is the relative rate between the probability of an event to occur (sudcess), related to tke

probability of not occurringnot successy ). The range of the odd value goes frod @ bk | &
probabilityd varies in values closer @and 1. As shown ingire 41, working with odds would mean

finding a relation between variables using a-ioear function, which makes it more complex. Thus,

the odds must be transformed into valusstween-x (12 bk = aAYAf I NI & G2 (GKS f |
the ®axis can have any number. In order to get this result, it is necessary to get the natural logarithm

of the odd; his is called the Logit of Y or the Logit functign

TT— & o [1]

Now the valuef the dependent variablé® go from-k 2 bk I I ¢sBn efjuality Beivieéno f A & K
the Logit function and the linear equation.
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Figure 4.XGraphic representation of the regression functions.

In order to transfornthese continuous valuasto a probability between 0 and 1, it is needed to
calculate the cumulate logistic probability functiof2]:

o0 p — [2]

The dependent variable is defined as the probability of classifying an object into a targéi clgss (
thus, this method constraints the dependent variable to be in the range from 0 to 1, as it is a
probabilisticvalue.

While for the linear methods the adjustment of the regression line is done by least sqoaths, f
logistic regression the #&kimum Likelihood Etimation (MLE) is performed to obtain the
coefficientse . This method evaluates a group of dimégnts and selects the parameters that have the
highest probability of being the ones that could have generated the observedrtiatarobability of

the coefficients or the model to have generated an observed data is known as the likelihodue
probabilities goes from 0 to 1, but the likelihood values are so small that they are calculated by a natural
logarithms Howeverpbecausethe logarithm of a number smaller than 1 is negatilre,likelihood is

then calculatedby ¢0 €0 . The likelihood ofthe model is obtained by the ratio between the
likelihood of the saturated model (the model with all the variables) and therbadel, whichonly
considers the constarb .

The coefficients are interpreted by their expon€n8Contrary to liear regression the effect 6§ is
not a constant.

4.1.2. Covariates

As in any other regression, binary logistic regressiquiresto be definedthe dependent and the
explanatory variables aka covariates. For the aim of this research, the depegmitdle of analysis is
whether the areas are perceived as unsafe or safe; meanwhile, the explanatory variadhffsrans
measuremers extracted from the participatory data by spatial queries. The selecteatiatesvere
chosen based on the availaliatasets and the theories that try to explain fear of crime and crime
perception.
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The data setgonsist offour vectorfiles a)the sketched polygons of the perceived safeas, b) the
sketched polygons of the perceivadsafe areas;) theparticipan Q R I A &nél d) tN@ adinieS &
incidents Thesketchpolygons were divided into small cells to work with the minimal spatial unit. Each
cell centroid represents a data sample, from wifiich distancebased measurements were calculated
from the centroidof each cell toa) the participant'sieighbourhood (postal code aredy) his daily
route, c) a crime hotspot and Hjgh crime intensitareas These foumeasurementare the chosen
independent variablesyhichare described hereunder:

A. Neighbourhood

The purpose of this variable is to explore whether the people tend to perceive their own
neighbourhoodand the surrounding area as safe or unsafeK S LJ NI AOA LI yiaQ ySA3IK
defined by thearea of the postal codiat each of them reported in thenline survey. The postal code

areas were download from OpenStreetMap.

To explore thisrelation, it was measured thédistance béveen the centroid of the cells withithe

sketched polygoh Y R G KS ySINBald LRAYy(d 2F 0 KbaTNBEHEOGA DS L
digance isZSNRBX (GKAA&A ¢g2dAZ R YSIy GKFG GKS GFrNBSG OSyi
neighbourhood

B. Daily route
CKA&d DFINAFIO6fS RSAONRGZSSEAATINSOERSAF20KEHNIGA2 IPGAGA
perceivd areasBased on théGeometry of crim&and dCrime Patterrtheony, diverted by Spicer,
Song and Brantingham (2014gople would design daily routes through which they can stay off
situations and places where they perceiseasafe

Each ce &  OdngthinNaBketchpolygon was linked with the route or routes drawn bg same
participant who drawthat polygon. The minimum distance between the cell and the lines(s) was
measured From all the relations, the shortest distance was selected.

Table 41 showsan example of the query result: the cell with the7/id410belongs to the polygon
4,258, sketched by the participant 23is participant drafour daily routes§7, 88, 89 and 90The
minimum distance between the centroi the celland thefour lines was calculated and then the
closest line was selected. In this examfile, closest line was numb80 with a distance 0817.83
meters.

Figure4d2d K2 ga (GKS 3INILKAO NBLINBaSydGldGAazy 2F BKAa SEI
within the polygon 4,258, the big black point is the centroid of cell 72,410. Theettioes arethe

routes participant 230 traced while tltted black lines are thdistances measured to the closest

point of each line, whichreshown with the black cress

The corresponding shortest distance between the centroid and the daily route line was the second
independent variable.
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Cell ID User ID Type Polygon ID Line ID Distance
72 410 230 unsafe 4 258 87 422.81
72 410 230 unsafe 4 258 88 439.88
72 410 230 unsafe 4 258 89 654.12
72 410 230 unsafe 4 258 90 317.83
72 410 230 unsafe 4 258 90 317.83

Table 4.Extract of a spatial query result to select the closest daily routetfrercentroid
of each grid cell.
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Figure 4.Distances measured (dotted lines) from the centroid of the cell 72,410 (black point)
to the nearest point of the correspondent sketched daily routes (solid lines).

C. Hotspots

The aimof this covariatésto explore how thdocation ofcrime hotspotds related to the location of

the areas people perceive as uns&eme researchers have concluded that the actual level of crime is
slightly connected to safeness perception, as there are other factors that could have more impact on
this kind of perception. One of the objectives of teisearch is to explore thapatial relations of the
location of actual hotspots and perceived unsafe/safe drgaseasuring the distance between these

two places

Ahotspot should not only be defined by a high amount of evesgdpening in a locatidout alsowhen
0 KS @fi @20t dzNB

A a

& dzF ¥ A OA Sy (iThe® localzgpdtial datitdcdrreladidn NR
statisticsindicate whereunexpected values are located in comparison with a random distribution.

There arethree mainlocalmeasures of spatialutocorrelationt 2 O f

statistics(Table4.2).
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Spatial Tvpe of
autocorrelation Logic Comparison Clusters Outliers ype o
association
methods
[ 20Ff a2NJ cross product slope v v v
Local Geary square distance  distance V4
GetisOrd statistics point pattern ratio V4 v

Table 4.Zomparison of spatial autocorrelation methods.

¢tKS f20Ff a2N}yQa LyRS Eestinated ffor edch MatdSdbderiatidihe Y S| & dzN.
I RGFyaGFr3S 2F dzaAy3a az2Nl yQa L A datianfno spatikldlusterd G A Y I G S 3
andtwo spatial outliers. The clusters are identified when the attribute value of the observed feature is
significantly similar (positive autocorrelatiphigh or low from the mean (highigh, lowlow), as its

neighbours. Thespatial outliers are those features which attribute values is significantly different

(negative autocorrelation) from the mean thamigghbourghighlow, lowhigh). Thehighthigh, low

low, highlow, lowhighindicate the kind of cluster of outliehe firstattribute refers to the target

feature, and the second attribute to the value of the neighbouring features. For instance, th@ahigh

class means that the target feature have a higher value than the expected mean, while its neighbours

have a lovevalue than the expected mean.

¢KS DSINEQ&a aGFGA&AGAO YSIFadaNBa GKS aljdz- NB RATTFSNE
target feature and the one of its neighbours, it is a distance in attribute space. If the result is a large

square diffeence indicates negative spatial autocorrelation or dissimilarity, meanwhile small square
RAFFSNBYyOSa YStya LRaAAGAGBS &aLN GAFE I+ dzi2O02NNBfE I GA:
association is positive or negative but it does not indiaditether the relation is highigh or lowlow

in the case of similarity, or hidgbw or lowhigh for dissimilarity as is a square difference and the sign

is lost.

The GetigOrd statistic is based on a point pattern logic. This statistic counts thegfgturd | £ dzS G A (1 KA
an area ang¢ompares it, as in a ratio, with the addition of all the features in the dataset. If this ratio is

higher than it would be on the randomness, it is identified as a cluster of high values, if it is lower is a
cluster of low valuesThe advantage is that the interpretation is really simple as the hotspots and
coldspots are given by positive and negatisvgdgistic. The disadvantage is that this method does not

detect spatial outliers.

In crime studiesthe detection of hotspotsnug consider both clusters and spatial outliesboth

show the location of unusual valugscomparisorwith the onesthat a random distribution would

have.¢ Kdza 2 §( KS {va Sdletted todeiibryl eihotkpot analy3isis was executed in the

Geoda software as the outputsf the analysis NS | a2 N} yQad L aOl GiddNJ L) 20z
Of dzZAGSNJ YI LJ GKIG A& GKS O2Y0AylF(dAz2y Zhecliske6E a2 NI y(
mapshow the fouttypes of local association.

Figured4.3 and 4.4depict the result of the local spatial autocorrelation analysis performed with the
PYAGENREGS [ 2 Owith tha tBtalEoynQad crimeper BatkER)IRe4.3) and with the
crime density value per blodkigure 4.4
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A)

B)

Figure43 20Kt aLJ GAFE Fdzi202NNBt I GA2Yy Fylfeara
count of crime incidents per block. A) Significant local statistidsiguk. B) Spatial association
per block (clusters and outliers).
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