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Abstract

Creating a crime mapping system for a small stffersochallenges that may defy database processing
reasoning. The barriers to access, digitisatiomcgeing and integration with other datasets create
difficulties that require the setting up of a serid protocols to ensure data integrity. The Maltistands’
case study delineates the processes taken up tioeett® setting up of baseline datasets in theegrim
social and landuse domains. The study reviews idptating, digitising and converting, error genarat

and geocoding. Data reliability, aggregation andlysis processes are covered due to their inteateedi
function between the main focus of the baselinea dakation and the eventual research output as
disseminated through online technologies. Maltatadorocessing has proven to be a tough slope for
researchers, however the creation of the basedite ldyers has ensured that new incoming data €an b

integrated in the systems quicker and be analyskdtr rates.

Keywords: baseline, dataset, Maltese Islands, cnmapping, geographical information systems,
spatial statistics
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1 Introduction

Most studies in the social sciences employ eithelitative or quantitative analysis with limited
emphasis on the spatial component. The main enplimaghis study is based on a review of the
quantitative methods with a strong spatial analgsiployed in the creation of the first crime baseli
study in the Maltese Islands. The concept of aivaysrime from a spatial viewpoint allows the
researcher to envisage new inputs to knowledgeowithacrificing the statistical construct. However,
the process to initiate such analyses requiresviaweof the data availability, access and integrity
which would allow for an understanding crime. Thiady takes up the data review, processing and
dissemination aspects as well as delivers someutsutpmanating from the information system
structuring. The paper covers the work carriedtoudigitize and in turn geocode Maltese crime over
50 years from 1950 to 1999.

At the initial stages of the research there wdkelitf any, data available on crime in Malsand
definitely none in a digital format. Such a sitoat entailed the initiation of a long procee$

data mining, gathering, cleaning, data base demighgeocoding prior to any attemptaaialysis.

In addition, the author’s decision to adopt a 1008gwerage (i.e. analysis of all the available data
rather than sampling) of any data gathered Herislands increased the pressure on the data
gathering process. This was done to make surathatelationships in such a micro-state as Malta
(316 km.sq. 410,000 population) may be analysdtdamost detailed scale, as some crime types may
only occur in one area that is synonymous véttspecific activity and that may fall oat any
sampling methodology used. In effect, having retseph the implications of such a decision, this
process was initiated in 1997, with six full yeafsdata gathering and two for data cleaning and
georeferencing, which process resulted in the @ioer of the first maps, which data is currently
being updated with data from the 2000s.

This method was followed as it ensured that it woldly out a solid foundation for arfyture
research on criminality in Malta. It would also eres that enough material has been gathéned
one repository to enable an enhanced analysis ggpdmth within tabular statistical asgatio-

statisticalanalysis.

2 Background to methods used
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In the analysis of crime, Bottoms and Wiles (20Gltate that one of the problems thHas

‘bedevilled’ environmental criminology theory sindbe Chicago School (Shaw and McKay,
1969) and is stillunsolvedconcerns the relationship between the various pges used to
analyse crime. They statbat‘social activity’ needs to be analysed in termf a multi-level
approach: ‘hot spot’analysisdealing with concentrations of offences, persorsqerinteractions
dealing withoffender-victimissues, and response of the social actors to llgsiqal aspects of
the location (Parnaby, 2006; Hirschfield, 2011y dffect, this brings together quite a diversity of
methodological issues. The ‘hotspot’ analysis ngitatestheactivation of a quantitative approach
using high-end GIS and statistical tools. Hotspofalysiscan be analysed through the NNA
and NNH as well as the Getis-Ord Gtatistic, the Moran | Statistic, the KFunction Statistic,
GAM clustering methodology (200 0and Geographic Weighted Regression (2002).

The person-person interactions call for knowleddetleese same interactions eithdmrough
ethnographic studies and participant observatiesearch, amongst others. In the cas¢hef
response of the physical actors the interview awvesu method would be appropriat&his
methodology was used by Wang (1999) in himdys that included theexploratory
(quantitative — forecasting at macro level) andlaxatory (qualitative — daily social lif¢hat

individuals anticipate).

In the Malta study, the quantitative approach lseta the initial study investigates tluéfender
rate over a 50-year (1950-1999) period. This imglemented by a detailed study spreader
10-years (1990-1999) focusing on both offender affehcedata.

2.1 The quantitative process: barriers to access

The study relies heavily on the quantitatimpproach. This is a natural constraint otice
decision to go for a spatial perspective wasnakThe approach called for a hightyameric
approach particularly since the whole Malteparameter was employed. It alsmtailed

gathering data from a large number of analoguecesurgain rarelgigital.

Though complete parameters were chosen, tbeegs itself entailed some high level aude
sampling methodology. This was based on differmethods according to the type stfidy
being undertaken, such as purposive sampling whereoffenders chosen were those wied
been incarcerated as against all ‘guilty’ eoffers. The method was also employeten
choosing offence data from the incarcerated datatere only the last decade of thentury

was taken. This sampling method was botlensific and practical as data on akntenced
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persons is not made available and where itvalable, consistency in attribute input rist

alwaysreliable.

This reliability issue crops up due to an incomsisy in data recording at the Courts of Malta,
where data has yet to be centralised and qualityraited. In addition, data from the Courts is
difficult to acquire access to and are dispersed number of court rooms, departments and
sections. This said, the latter situation is beiagtified where since 2001, on-line sentencing
information is being disseminated in Maltese (20B89ntences are inputted as dictated by a judge
or magistrate and the documentation does not hayesaciological data as needed for research
purposes such as recidivism and background studiesemination of such data would break the

legislative safeguards on data protection and humgats, amongst others.

In view of the above restrictions, a decision waken in 1997 to identify the availablerime
data sources and to choose those available foandgseOnce certification was made thaurt
data was not accessible and that no comprehensiil data existed in the Courts, thedurce
was considered too tedious and bureaucratic to €mtya and was subsequently discard&éte
next data sourced included generic crimes statistivailable from CO'Sin book formatwith
digital versions since 1998). crimes reported ® plolice and prison statistics availableledger
format for over 150 years. Both the poliaed prison data were chosen and a prooéss

digitisationinitiated.

The decision to analyse prison records was takeit Bsthe only crime data repositonyhere
information is held literally “secure behind bamsfid in one place. This dataset provides deta
the ‘hardcore’ or at least the most reliable sous€gersons who have been truly convicteg
law and have a proven direct and severatioelship to crime. Analysing suspectnd
arraigned persons may depict a different outcomeviwdt makes an offender as a lamember
would be acquitted. Thus those convicted have gbneugh the whole process and haween

filtered by police, society andw (Formosa, 2007).

This also bears on the fact that studies on crimednalso to analyse whether incarceration
providing enough deterrence value in the strivedotain crime. Wolpin (1978) and Entorf
(2000) in their studies of European studies Istyvariables that should act aeterrence
variables, which variables can be termed to repteee different types of sentencing levéist
can serve as surrogates for criminaklysis.

a) clear up rates (crimes cleared fglice);

! Central Office of Statistics renamed to NationatiStics Office, which publication series "Abstisof Statistics”
hosted Crime-related data, which data was discoetirsince 1998.
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b) conviction rates (proportion of arrested pleadingjtg or areconvicted);

c) imprisonment rates (proportion of guilty who angprisoned);

d) recognizance rate (proportion of guilty who arerecognizance);

e) fine rate (proportion of guilty who afined);

f) average sentence (average length of the courtrsenfer thosémprisoned).

In the Malta case some of the data may not be ablail however Entorét al (2000) statethat

normally at most only two variables are used in tnsbgdies.

In the case of this study, Awaiting Trial ofteers were not included due to the fact that
number of these persons may be acquitted or taeegscremain open for a considerable period of time
as well as being converted to Full Imprisonmeriesfionce convicted, a process that may result in

double-counting. Thus the c) category was chosethi® study.

3 Data gathering exercise: the process and the surdle

Inherent to an analogue-digital transfer process, data gathering process took up the greater part
of this study,particularlydue to the lack of any digital data. This was gatérly critical in the
crime-related field suclas convicted offender and convicted offence datnd national
statistical compendiumsWheredigital crime data was made available, a procesgalifation as

well as geocoding@ndgeoreferencing wasndertaken.

The main issue that needs to be mentioned atsthige concerns data currency. As shady
looks at 50 years of crime, gathering this infatiora at national level was possible. dther
cases the data is only available for the last tears of the century, particularly sinoéfence
data was only kept in storage since the late 198@b quite a few of the initial files weteadly
deteriorated having been eaten by mice and otheatunes. In other cases data is oailable
since 1998, such as the police reported data. Hewthe author managed to acquire datan
the 1995 Census of Population and Housing at eratioer level. This makes it possibk®

analyse offender-offence relationships as agaimessobcio-economic data of th890s.

The next section reviews the methodological proessployed in the data gatheripgocess.

3.1 Source identification

Digital data was even harder to find and most labd inputted from scratch. In fact ahata
pertaining to this study except for the 12832 police data on reported crime Hasen
inputted by the author. Data from the NSO cristatistics prior to 1990 was alsnanually
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inputted. GIS data on crime is virtually nonexisteaxcept in the MEPA planning systemwhere

infringements on development (that may be take€aart) are mapped in a GIS system, hte

technically not relevant to thigudy (2000).

The data sourcing was one of the main conceaishis study, mainly due to accesssues,
analogue formats, permissions required, data-marmggeand major bureaucratic issuéa/hilst
identifying the data sources for the differeierhes entailed a straightforward approatte

main problem was getting to tliata.

The first step taken involved coming up with a liftdatasets that would prove essentiathis
study and acknowledging the fact that it may nogathered in time for the analysis. Crimatain
Malta exists mainly in analogue (paper) form andatdesser but greatly restricted extdnt
digital form. Malta has a history of data-moring where each data creator is callediada
guardian who does exactly that: data is hoarded raade inaccessible to any but thelder.
This culture is giving way to a more open systenmemghdata availability on the web hhslped
break the hoarding mentality. Data is madeailable without compromisingindividual
protection. Citizens are protected through the DRr@ection Act(Chapter 440)enactedin 2001
and brought fully into force on the 13uly 2003 (OJ, 1995; Government of Malta, 2001he T
data is administered bpersonscalled "controller of personal data who alone or jointlyithv

others determines the purposasdmeans of the processing of persodata”.

Social data was sourced from a number of orgaoisstincluding the National Statisti€3ffice,
the Ministry for Social and Family Affairs, the Ezhtion Department, the Healfbepartment
and Planning Authority. Due to the sensitivity thiese datasets, access was requesiegctly

from the Ministers involved or Director Generalsvadl as the Prime Minister'©ffice.

Land Use data was sourced either directly from dhganisations archiving them andirectly
through value added datasets acquired by thirgrparganisation from the original sourceghe
latter were primarily sought from the Planning Aarty — later called the Malta Environme#t
Planning Authority, Water Services Corporation, &o€ouncils Department, Nation&tatistics

Office, and Malta Transpouthority.

Permission was sought and approved quite rapiidlythe Director of the Planninguthority.
The tabular and spatial data entailed cleaningarising, aggregatingand restructuringThis was
necessary as the data was not originally intendgatdvide for social mattergffectivelyrendering
most of the datasets ‘ineffective’ or unusable. ldegr, new maps were creatbasedon the

datasets, with major recoding in such layers asesddpoint database, street lagedenumeration
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areas.

When crime data is sought, however, analodata was and is still very difficult taccess
except for National Statistics Officepublications and parliamentary questions resulthe
Police Annual reports are not made available ® plblic and have not been madeailable
even for this study. Data on court cases follows shme route and only since 2001 haeses
started being published through a web-enabtiedabase portalthough in someinstances
records are incomplete since not all courts indath in the system. To make it even harcsdi,
documentation and information pertaining to offemsdbas a timestamp on it and information
persons who were/are incarcerated have an 80-yeeatonium on them thus making the déba
this study practically impossible to access. Thea dar the offenders of the 1950s will onibe
available in 2030 whilst the data for the 1990scohhis needed for the offender-offenemalysis
will be available next in 2070. Special permissimnaccess and digitise this restricted dats

sought and granted from a series of Justice Miastand CCHirectorships.

Finally, crime data was sourced from the ibtetl Statistics Office, Corradin@orrectional
Facilities (CCF - prison). Ministry for Justice amtbme Affairs, Education Departmen®olice
Force, and the National Archives. Once agdhe sensitivity of the data called fbighly
specific access requirements such as access tngripolice headquarters and otlsEmsitive
individual data holders. In return, the resultsnir¢the crime classification exercise, as credtgd
the author, were forwarded to the Police IT depanimfor consideration in their PIREPolice
Incident Reporting System) categorisation. The €f@stion system was built on the initial

Maltese category pre-1997 and post 1998 as wdtbas the 2007 changes to PIRS lists as well as

the UK categories as extractéam the Huddersfield Kirklees® Crime Audit (2001)

In the crime data case, other data gathepngpblems faced by the author were polayd
legislation related such as access to dateesacto prisons, access to personal data,ttend
normal bureaucratic issues such as that facedenctincerned government departmergsison
and crime-related entities. The process was bothbled through contacts and goodwily
individuals within each organisation and on thbeo hand impaired by other individuaisho
either sought to reduce access or in one casermunite the data gathering procesgioting
prison regulations. The latter situation waffuded through a meeting with the Ministéor
Justice and Home Affairs who re-granted acces$doprisons. Other not-so-drastimireaucratic
issues but equally disrupting were re-accéssprison data once a change dgovernment

occurred: new ministers, new directors of prisard ather newvofficials.

Other data was gathered through surveys andtigoeaires. One such was termed tark
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Figure of Crime Survey. The survey was distributed300 MEPA employees who weeskedto

report any crimes over 5 years and whether thesd fiteports to Police. However, bothe
sample and the reply rate was too low to enablablel analysis and the author decided ftihat

would not be included, though the framework is meady for a larger run pothis-study.

The above exercises sought and reached the gudehat sought to review the data availabilityhia t

Maltese Islands in the fields of crime, social es@and land-use aspects. It sought to revied an
compile the data into digital format for futustudies and analysis. This was possible through the
conversion from analogue to digital format. As eotpd, the digitisation process took up the larger

part of the research period.

For want of a better datasource...

Crime data from newspapers was not availed of agrgly short reports are given anuhinly
sensational, shocking and serious cases are ginaegence such as homicides, rapesd-ups

and molestation.

3.2 Data inputting, digitising and converting

The data inputting process was a tedious, aegquiring various operational logistics. Fhi
process took place between 1997 and 2005 with ragev loking currently inputted up to 2012. Data
gathering from the convicted prisons necessitdked use of manually inputting the individual
offender and offence attribute data into a spreselsteach time necessitating checks to bring @ut th
data from the prisons as a laptop was natwaltl within the organisation. In the case tloé
National Archives, the process involved manuallpyéog the ledgers and digitally inputting them in
the spreadsheet once at the office. Also, daten fthe National Statistics Office (nationaline
data) was inputted a®CRtechnology is still not 100% reliable in the caseanverting tabular

data.

Where data was made available in paper foamat such as a bus routes maps, this was
manually digitised and saved directly in spatiainfat. Other data, where possible, was scanned,

georeferenced and digitised.

Where digital data was made available, thissconverted to the appropriate format and eventually
to spatial format. In cases thigcessitatedonversion from textual to tabular to spatial fotsnan
the process’ full entirety. The textusd tabular conversion is necessitated to removefaatte

and align the data, whilst the tabults spatial data is less strenuous except where gewgodi
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issues are concerned as explaibetbw.

3.3 Data cleaning and verification

Next to data inputting, data cleaning and verifiratis also a tedious phase of any reseath
this scope, where large datasets are involvedilsWkhe manually inputted data wedsuble

checked during the inputting phase and vadillathrough a series of SQL queries, tata
sourced in digital formats necessitated anothercgmh. This data was individually checkémr

inconsistencies, the major issue being street namess (vital for geocoding purposes)issing

data, and oth@nconsistencies.

This is a slow aspect of the project, partidyladue to the numerousnultiple-interpretation
street names errors, alphanumeric errors in latatiames, offence information, as welb
intentional errors by data-inputtérsThis process entailed going through the wholetiat did not

match the official street names and interpret trezsae names ardcations.

This process was repeated for the welfare data evberrectness is even more vital duethe
fact that persons receive benefits on a monthlysbaisd incorrect addresses mean non-issoing
cheques vital to such persons. In this case thesisgas mainly identifying the local names$
streets, multiple street names, alley-correctiante(ration of alley names with connectistreet

names) and other quality assurameeasures.

In the case of available spatial layers, datanitep was also necessitated due to the reed
identify lacunae, overshoots, gaps, intersectamgl overlaid polygons as well as missidgta.
This is important especially where Censusadit involved due to the intersectirgjreet
centrelines and their subsequent polygon struchaeing a considerable part overlappitige
corresponding street polygon. The resultanta dzan be misleading and depict @moneous

output leading to a wronigterpretation.
3.4 Geocoding procedures
Once the data was digitised, the next phase edt#ile processing of all data to spatiafmat.

This is possible through a process called g#iog where data in tabular format is givan

spatial construct by assigning each data item skimé of spatial element. In most cast#ss

’These included genuine typos (such as Vallettatemritn over 25 versions, for example Valetta, ®fall etc )
to near illiterate interpretations (such as Hooklasre Street being written as Hook Ham Frier $ireethe
downright witty and mischievous (such as an unknae@mb in the main cemetery written as Death Row,
Addolorata Cemetery). Though eliciting a laugh thenber of such errors meant time-wastage and rittess
individual record checking, reaching up to 99,586 the Police reported crime dataset, with an aesearor
adjustment in 40% of the streets.
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entailed assigning a point element such astreet centroid (central node) or assignedato

polygon such as an Enumeration Area or L&calncil.

This process is once again time-consuming and yighhkllenging, especially since meadily
available software existed that could cater for $pecific requirements of this study. Mahas
no street-gazetteer, which is a data layet twould include street segments amaelling
numbers. The author sought to geocode a numbeiofspalong a street centreline whenly
the street address (with no address location giwers) available. Nonbxprogramme existed that
automatically disperses a number of poinédomly arounda centerline, each having the
same locational attribute (such as a street nahimd.inducedhefollowing process andationale:

a) creating a buffer around the street centrelinesrifer to prepare a series pblygonsin
which a number of points can be generated, whidhtpavould serve asnchorsfor the
addresses (FigurB;

b) converting the buffers from a vector polygon doraster grid file, whichprocess
actually creates a base of pixels for later conearso the points described &);

c) converting the grid file to a series of points (Fig2);

d) processes a to ¢ would have retained the attridate, thus the next step is ¢teanand
check the attribute generated in the raster-toevecionversion. Thiswvas accomplished
through a join with the centreline buffers througlanual orautomatianeans (Figur®);

e) once each point was validated, a unique numbenystesy was created so thaachpoint
could be queriedhdividually;

f) cleaning the non-geocoded data (Figdire

g) as not all street names were captured throughntiethod, other technologiesere used.
These included on-line searches such as checkingnising data ifMEPA’s mapserver
(MEPA, 2000, MEPA, 2012) and other on-line datagEtgure5);

h) once the street-name validation was concludednéx¢ step sought to link theon-spatial
data layers such as the police reported crime elatasthe uniquegpoints generated as per
above process. This entailed the geocoding of themappedlayer into the dispersed
points (refer to c) through a simple geocoding eiserfollowing the insertion of the
unique numbering system in the same datasdinenwith e) (Figure6);

i) Overlaying the geocoded data onto other base dateefification purposegFigure 7).
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A lineagedepicting the process undertaken to geocode a naapcveated, where a mandat the
creation of such datasets was drafted. Thixgss sought to investigate the possibility of
preparing the base data for crime analysispatial format, through the procestgeocoding and
georeferencing crime, social and landuse data sp@tial format and creatinthe first Maltese

crime, social and landuse-relatbdse-maps.

3.5 Data available for the study

The generic data categories were made availatlileetcesearcher as listbglow:

- Offenderdata

- Offence data — related to CGlata

- Offence data - Police data (reportetiimes)
» Education dat§absenteeism)

- MEPA (development data)

< NSO (Census and Abstract of Statistids}a
- Welfare Data

« LanduseData

The full list of datasets employed within this stud listed in Table 1. All the datasets have been
converted to spatial format except for tAbstractof Statistics data and the Household Travel
Survey that was used for reference only and m@needed in the integration process for further
analysis.

Table 1 lists all the datasets used, their timésderthe most detailed available spatielel and

format. The crime data spans 50 years, the landate mainly relates to the late 19%0wdearly
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2000s, the social data is mainly related to the0&9with some 2000s data suchthewelfare

benefitsdataset.

Table 1: List of Datasets created through the reseg@rocess

DatasetTopic Time Period Reglution Format
(Start - End)

Crime
Abstractof Statistics 1950 - 1999 National Tabular
Convictec crime - offenders 1950 - 1999 Address Spétial
Convictec crime - offences 1990 - 1999 Address Spatial
Education - non-atterdancecourt reports 2000 - 2001 Address Spatial
Reportedcrimesto Police 1998 - 2003 Address Spatial
Pdice Staions 2002 Address Spatial

DatasetTopic Time Period Rewlution Format

(Start - End)

Socio-emnomic
Cemeteries 2003 polygons Spetial
Clinics & Hospitals 2000 Address Spdial
Electoral Registel 2002 street Spatial
Housing Estatesand HOS 1980 - 1993 polygons Spétial
Household Travel Suivey 1999 Tabular
Libraries 2000 Address Spétial
Schools 2000 Address Spetial
Srortsin Schools 2000 Address Spatial
Censis Paoulation 1995 EAs Spetial
Censts household income 1995 EAs Spdia
Censussharediwellings 1995 EAs Spdial
Censuwnersip dwelling 1995 EAs Spdial
Censugersmns per room 1995 EAs Spdial
Censusmenities 1995 EAs Spdid
Censusehicles 1995 EAs Spdid
Censughildrenper household 1995 EAs Spdial
Censugitizenshig 1995 EAs Spdia
Censtisliteracy 1995 EAs Spdial
Censts educaional attainment 1995 EAs Spétial
Censts educaional gualifi cation 1995 EAs Spdial
Censts household unemployedchildren 1995 EAs Spétial
Census eaonomic aciivity by sex 1995 EAs Spdial
Censts occupation 1995 EAs Spdia
\Welfare Benefits 1995 - 2003 street Spétial
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DatasetTopic Time Period Rewlution Format
(Start - End)
Landuse
Basemayj feaures 1988 - 2005 Point Spetial
|Address Point Database 1995 Address Spétial
Bus Routes 2003 Buffer Polygons Spetial
Roadcapecities 2000 street Spatial
Devdopment constraints- proted¢edzones 2003 point and polydon Spatial
Local Councils 2003 NUTS5 Spatial
Devdopment Zone 2000 point and polygor Spatial
Enumeratbn Areas 1995 EAs Spatial
Islands 1995 - 2005 NUTS3 Spétial
NUTS4 -
Local PlanAreas 1990 equivalent Spatial
PlaceNames 2003 NUTS 5 Spatial
Address point andl
Planning Appli cations 1993 - 2005 polvgons Spetial
Addresspoint and

Industrial Areas 2001 polygons Spatial
Eateries 1999 Address Spatial
Maltamal - dwelling vacancy and population 1996 street Spatial
Plaming areafootprint 1993 point and polygon Spatial
Retail units 1999 Address Spdial
RoadInventory: includesstreetfurniture 1993 - 1995 point Spetial
Roadsysten 2000 street Spatial
Supeimarkes 2001 Address Spatial
Town Centres 1999 polygons Spétial
UrbanConsewrationAreasand Villace Cored 1994 - 2004 polygons Spdial

3.6 Data Reliability

The main issue at stake that needs to be hightigatehis stage concerns the data curretheyis
employed throughout the study. As this is a firkidg of crime at high-detail in th&laltese
Islands the source data is spread in many plaees|yraccessible and disjointed. Eveiffort
was taken to acquire as much data as possibleirpegato the period under study, thoudfhis

was a major problem as little consistent datavigilable.

Harries (1974) identifies problems as regards ®tigpanalysis due to the fact thembstantial
spatial distortions can be found when analysis wasied out based on decennial censuses.
one uses the population of an area based on treugdigures and then analyses crime doe
year between the census periods using that sanemmiat data, the results would be erroneous -
using 2003 crime data and compare it to the cepspsilation of 2005 and theto that of 2011.
One would prefer to have the same years’ data ageerhowever this isnly possible in an

ideal world once all required datasets amguaed, convertedto tabular format and
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subsequently geocoded. Only then can they be nmaétteandan annualupdate be created. That

phase would then allow exact period analysis acafigtisciplines.

3.7 Aggregation levels of data available

Spatial data layers are aggregated in a pundf levels that are primarilynternationally
recognised (such as NUTS nomenclature) or locahtiaties specified by each entitgquiring
such an exercise (EC, 2003) . The main aggregdteals available in the Maltese Islands are
listed inTable 2.

Table 2: Spatial data Aggregations that have besgduo analyse the researdata

Spatial Aggregations
Data Aggregate Spatial Data Model [Entities

NUTS 1_2 (National) Area ]
NUTS 3 (Islands (Malta and Gozo-Comino)) Area 2
NUTS 4 (Districts) Area [i
NUTS 5 (Local Councils) Area 68
EAS (Enumeration Areas — 150-180 households) Area 1570
LPA (Local Plan Areas) Area 1
Police Regions Area y
Police Districts Area 11
Police Divisions Area 2
Health Centre Regions Area g
Rural (Out of Development Zone) Area 3
Village Core / UCA (Urban conservation Areas) Area 94
Dev Zone (Limits to Development Zone) Area 129
Streets Combined Line 7,56%
Streets Line 13,098
Address Points Point 199,69¢

Very few organisations follow NUTS districtindhaving predated it. Usage of tlsggregate
layers from different entities posed new peals in analysis: in fact it seems thedch
organisation made it a point to be different, ngsdifferent aggregations based operational
logic. This said, the police are looking @asing the NUTS nomenclature as the bdeis
districting. This issue was solved through the gatien of data at the highest detail possible: at
streetlevel. This allows any researcher to build up rathkant using the top-down approach

that hindersanalysis once an aggregate cannot be split upefuitito its component parts due to
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lack of dataat that high-detail level. Thus, from basic streleta, the different organisational

districts (suchas police or health) can be catefed

At the social level, data on welfare was providedsteeet level, and Census dataEsumeration
Areas (EAs) level, thus this ensured that the hégihest-detail level of analysis is the EAGhis

implies aggregating data one level up from addpesst or streets to EAvel.

4 Data analysis

Data analysis was carried out through the employmém variety of these methods, particularly

Moran’s |, hot spot anthterpolation.lt also bases its procedures on the followingthods.

i) One of the best methods of analysing crime pattémsto use clustering
methodology. Due to the large number of crimes ooy in a particular area, analysis may
concentrate on the aggregation of these data peoific areas rather than spread them all over the

town. Clustering helps in identifying areas that hotspots for specific crime types (Felson, 2006);

ii) Another method that can be employed is the é&arNeighbour Analysis
(NNA) which helps to aggregate data based o proximity of a crime to thenearest
location of another crime (Cragliat al, 2000). If a crime occurs within apecific
parameterof say ‘20m’ from that being analysed, thehese two crimes areggregated,
before searching for other crime/s within thetngpecific boundary. Once there ame crimes
left within the recurrent buffers then the hotspotensity dies out and stops. Wheeelarge
number of crimes occur in a small area the hotspotery pronounced andluster densities can
be calculated. Figure 8 depicts an example so€h an NNA interpolation based on non-
serious offences in Malta between 1998-2008nsposedin 3D. The shape of the Maltese
Islands is easily discernible, particularly thenurbationarea. High offence counts are depicted as
with red peaks in the main leisure aretreationareas and very few if anything in the rural and
rural-urban boundary areas (blue amtlite respectively). The same methodology can be used t

elicit statistical results as well &3r visualizationpurposes.
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Figure 8: Interpolation of Non-Serious Offence4998-2003
Source: TheAuthor

The limitations of the methodologies used sucthadNNH include differing hotspot locations for
different spatial aggregations employed, such miamal 25-point hotspot cutoff, which signifies
where an ellipse boundary should be drawn once ore points falling within those thresholds are
encountered. Consistency in the results is ensasedhe analysis in this study employ thaea
threshold limits. Another limitation relates to tissue of cross-comparison of two data- layers that
may have widely-differing counts, such as a 10,000t offender data layer and a 1,000 point
poverty layer. Using the same standard-deviatigalteand thresholds, error generation can be

reduced to a minimum.

Some ellipsoids might show areas that have higltextnations of incidences when the base data
might show few data points, which result is maidle to a multiplicity of overlapping points found
within the base data layer and weighted for in éligppsoid. Knowledge of the base data layer is

required in order to interpret the results of sowthodologies.

The issue of boundaries designation is highlysiee in that the decision taken on which
area level for analysis can result in arbitraryeetf§ particularly since the same spatial entities
under study may create ambiguous results wherébdbieds are not clear or where one could
have ambiguous transition zones as well a@&memting some boundaries that ignore the

interaction between the activities within that bdary and those external to it. Such results may

http://www.ijSciences.com | Page 19




give an indication that only those areas within tesultant boundaries show incidences of

clustering. This issue can be solved through thel@eyment of sensitivity analysis strategies such
as those posited by the Modifiable Areal Unit Peobl(MAUP).

In addition, there are other methodologies that fnaye given differing results should they have
been employed in this study. These include therretye measures of hotspot analysis for
example Kernel Density Estimate, Getis-Ord GEnd also multiple regression as an
alternative to bi-variate analysis.

a) Kernel Density Estimate can be employed to estintlage probability density function of a
random variable such as offence location. Employegnel density estimation on a sample
population helps researchers to extrapolate tha ttathe entire population (Wasserman,
2005).

b) The Getis-Ord GI* statistic is based on an analydisveighted data points with an output
based on a z score for each feature, employingereiffuclidean or Manhattan distance.
Getis-Ord GI* high z scores indicate its neighbbawe high attribute values, and vice versa.
The higher (or lower) the z score, the strongerassociation.

c) Multiple-regression could also have been used im thsearch once the uni- variate and bi-
variate analysis were completed, however this veasaken up for reasons for time and space
constraints impinging on the research. Multi- viarianalysis helps one to examine more than
one predictor of an identified variable. It isghily relevant to social sciences due to its
inclusion of a number of predictor variables whinable higher levels of prediction of the

outcome variable.

These methods of analysis can also help researdioetsse geodemographics and otkecial
data to analyse crime and the potential targetsgigeblom, 2008; Paynich and Hill, 2010). Use of
transport and retail GIS can hdipidentify areas that have a high concentration tfilrand travel
activity that wouldattract‘predators’. In this scenario, GIS can help to tifgnthe high traffic-
volume streets togethevith the potential areas where retail is highly conegatt and would serve
as an attractor focriminal elements who in turn could be studied for theirfj@y to crime (Deale,
2011). Together with other data such as Census dat can predict users of a servaedthe
potentiality for crime to occur (Cairns, 1998). hewer, care must be taken to ensure that
GIS does not end up as the end rather than a méaren end for analysis (Pease,
2001).
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5 Outputs

Having laid the groundwork for the establishmentadpatial baseline dataset, the crime information
system which integrates all the different datasetdd be employed to help run the diverse queries
across the different domains. Though not the meaiget of this paper, in effect, the study brings
spatial statistics into social research whetatistics is not yet considered the mainstay f
scientific analysis in the local scene, and theiagpdimension may yet prove the jolting kick to
make researchers aware of the potential of vistalstics even for other domain studies such as
development planning enforcement analysis (FigyreThe study creates its own crime-specific
spatial maps, crime-landuse analytical mapswal as crime-social analytical maps and statst
based on a GIS analysis. Another output concettreedevelopment of a map of poverty in Malta at
a detailed level (EAs) based on Census data thatdgrated in the model to form a part of the
crime-socio-economic analysis (Figure 10). Thealdital process can eventually help develop a

tool that enables crime-social analysis thtoupe integration of the relevant datasets witiin

integrated information system. A final output wasicerned with dissemination was the Malta Crime
Web-Map (Figure 11).

B e o \‘ N E: i
Figure 9: Development Planning Permits and Enfoerem
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http://www.ijSciences.com | Page21




Figure 10: Census Enumeration Areas
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Figure 11: Crime WebMap
Source: CrimeMalta, 2012

The methodology used in this study relies heavitytloe quantitative aspect, particularly dige
its stress on the spatial factor. The data desigrcgss highlighted the dearth of dateailable
and the long-winded process it entailed to prodacepatial construct for this researstudy.
Though, highly repetitive and lengthy, the procdgskvered the first digital datasets and in tura th

first crime maps.

In conclusion, the review of the Malta crime diggfion case study shows that is strewn with barrier
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to access and digitisation error reduction requingist There is a need to ensure that the data

delivered is in line with the requirements thatweasan analysis of the interaction between alleghre
themes: crime, social and landuse. Crime nmgppénders the creation of a baseline dataset
essential as it serves as the foundation for fugeecoding programmes, radically reducing the
geocoding time essential to the conversion of thece datasets sought from the various agencies.
The development of online dissemination technokgied the respective legislative instruments have
helped to ensure that the general public can vievsecurity data from online sources without the

need for highend technology.
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