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Abstract

This paper reports on the statistical analysis conducted on crime data provided by the Toronto Police
Services in order to assess the impact on crime after implementing the Closed Circuit Television
(CCTV) pilot initiative. Over the period May 2007 to October 2008, the Toronto Police Services
installed CCTV cameras in a number of selected areas for periods of time between six months and
one year. This report documents the results of the application of standard statistical techniques to
determine the effectiveness of surveillance cameras in reducing crime, and compares them with
findings from previous research studies. The analysis is based on data derived from the Toronto
Police Services call-for-service ACCESS database, a comprehensive, geo-coded database that in-
cludes all records of demands for policing services involving events of a violent nature from 1995.
This report addresses questions related to crime reduction in the targeted areas and diffusion of
benefits beyond the targeted areas, and makes some general considerations about displacement and
dispersion.

Résumeé

Le présent rapport expose lanalyse statistique des données sur la criminalité fournies par le Service
de police de Toronto qui a été faite en vue d’évaluer I’effet que la mise en ceuvre du projet pilote
de systeme de télévision en circuit fermé a eu sur la criminalité. De mai 2007 a octobre 2008, le
Service de police de Toronto a mis en place, pour une durée de six mois a un an, des caméras de
télévision en circuit fermé dans certaines zones sélectionnées. Le rapport documente les résultats
des techniques statistiques courantes qui ont été appliquées dans le but de déterminer dans quelle
mesure les caméras de surveillance sont efficaces pour réduire la criminalité et présente une com-
paraison de ces résultats avec les résultats de recherches antérieures. L’analyse est fondée sur les
renseignements tirés de la base de données ACCESS sur les demandes d’intervention du Service
de police de Toronto. Il s’agit d’une vaste base de données géomatiques, qui comprend les dossiers
de toutes les demandes d’intervention policiere impliquant des événements a caractére violent en-
registrées depuis 1995. Le rapport traite de la réduction de la criminalité dans les zones visées et
des avantages observés en dehors de ces zones, et comprend quelques observations générales sur le
déplacement et la dispersion.
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Executive summary

Closed-Circuit TV Surveillance Evaluation

Simona Verga; DRDC CSS TR 2010-09; Defence R&D Canada — Centre for Security
Science; December 2010.

Background: The Toronto Police Services have commissioned Canadian Police Research Centre
(CPRO) to perform an independent Program Impact Review focusing on results from the Toronto
Police Services Closed Circuit Television (CCTV) pilot initiative. Over the period May 2007 to Oc-
tober 2008 they installed CCTV cameras in a number of selected areas for periods of time between
six months and one year. CCTV is a surveillance technique thought to prevent crime because of the
deterrent effect on potential offenders, when they are aware that the cameras may be watching their
activities. Cameras, located at predetermined points to ensure optimal coverage, collect images that
are transferred to a monitoring station or are stored for subsequent analysis and review. Also, other
presumed benefits of CCTV cameras are efficient deployment of police resources, reduced fear of
crime in the community, and facilitating follow-on investigation. At the same time, the presence of
cameras might raise concerns about privacy and civil liberties, and such concerns must be addressed
by careful design and implementation under strict guidelines.

Principal results: This report includes a literature review, to capture the existing knowledge in
terms of study design, existing methodology, and trends in results. The literature review paints a
mixed picture of the effectiveness of CCTV surveillance on reducing crime, providing evidence to
support crime reduction effects for some types of offences but not for others. Property crime and
disorder crime registered the most substantial declines. For violent crime, the results reported were
more inconclusive. The literature review also highlighted CCTV implementation design issues that
limited the ability to draw general conclusions about CCTV effectiveness.

The main objective of this technical report is to document the results of the application of standard
statistical techniques to Toronto crime data, in order to determine the effectiveness of surveillance
cameras in reducing crime. This report addresses questions related to crime reduction in the targeted
areas and diffusion of benefits beyond the targeted areas, and makes some general considerations
about displacement and dispersion. The analysis is based on crime data provided by the Toronto
Police Services in its call-for-service ACCESS database, a comprehensive, geo-coded database that
includes all records of demands for policing services involving events of a violent nature from
1995. The results of the analysis are compared with findings from previous research studies on
CCTV effectiveness.

Significance of results: The results presented and discussed in this report indicate that, after the
implementation of the CCTV camera systems, the level of crime decreased in three out of the
five areas analyzed, and remained largely unchanged in the remaining two. These findings are
supported by time series data done over the entire period of time for which records exist (1995 to
2008). While the author tried to support these findings with calculated summary statistics, where
crime levels over the implementation period were compared with crime levels during the same
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period in the previous year, the latter calculations, while agreeing with time series results, did not
pass statistical significance tests. These results were consistent with observations derived from the
review of previous literature. Based on the above findings, as well as findings from the literature
review, one might conclude that the implementation of CCTV camera systems can be effective, but
further analysis is necessary. Any future implementation of CCTV systems would benefit greatly if
such implementation is preceded by careful project design.

Future work: Based on existing data, additional time series analysis could be done for identified
buffer areas around the target areas. Crime analysis in the selected areas prior to implementation
might help identify trends, crime evolution, unexpected external changes that may have influenced
the results, existing mitigating measure and other characteristics and separate them from the effects
of CCTV surveillance. Also, future work would address other questions such as community impact
and perceptions of safety. These aspects have not been addressed at the time the work documented
in this report was performed because of unresolved issues about the data available, lack of capacity
and lack of time.

iv DRDC CSS TR 2010-09



Sommaire
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Simona Verga ; DRDC CSS TR 2010-09; R & D pour la défense Canada — Centre des
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Contexte : Le Service de police de Toronto a demandé au Centre canadien de recherches policieres
de mener un examen indépendant en vue de déterminer les répercussions de son projet pilote de
systeme de télévision en circuit fermé. De mai 2007 a octobre 2008, le Service de police de Toronto
a mis en place, pour une durée de six mois a un an, des caméras de télévision en circuit fermé dans
certaines zones sélectionnées. La télévision en circuit fermé est une technique de surveillance censée
prévenir la criminalité en raison de son effet dissuasif sur les délinquants potentiels lorsqu’ils savent
que leurs activités peuvent étre captées par des caméras. Les caméras, situées stratégiquement en
vue d’assurer une couverture optimale, captent des images qui sont ensuite transférées a une station
de surveillance ou stockées pour étre examinées et analysées par la suite. Les caméras de télévision
en circuit fermé auraient aussi pour avantages de favoriser le déploiement efficient des ressources
policieres, de réduire la crainte de la criminalité dans la collectivité et de faciliter la tenue d’enquétes
ultérieures. Par contre, la présence de caméras peut soulever des préoccupations quant au respect
de la vie privée et des libertés civiles. Pour tenir compte de ces préoccupations, il faut concevoir
soigneusement le systeme et encadrer sa mise en ceuvre de lignes directrices rigoureuses.

Principaux résultats : Le rapport comprend un examen de la littérature, qui permet de bien cerner
I’état des connaissances sur la conception des études, les méthodologies actuelles et les tendances
qui se dessinent. D’apres cet examen, I’efficacité de la surveillance par télévision en circuit fermé
est mitigée lorsqu’il s’agit de réduire la criminalité : les données semblent confirmer une diminu-
tion effective de la criminalité dans le cas de certains délits, mais pas pour d’autres. Les infractions
contre les biens et les cas de désordre public seraient les délits dont la fréquence diminue le plus.
Du c6té des crimes avec violence, les résultats signalés sont moins concluants. L’examen de la litté-
rature fait également ressortir des problémes de conception touchant la mise en ceuvre de systemes
de télévision en circuit fermé, problemes qui ont limité la capacité de tirer des conclusions géné-
rales sur I’efficacité de ces systemes. Ce rapport technique vise principalement a documenter les
résultats des techniques statistiques courantes qui ont été appliquées aux données sur la criminalité
a Toronto dans le but de déterminer dans quelle mesure les caméras de surveillance sont efficaces
pour réduire la criminalité. Le rapport traite de la réduction de la criminalité dans les zones visées et
des avantages observés en dehors de ces zones, et comprend quelques observations générales sur le
déplacement et la dispersion. L’analyse est fondée sur les renseignements tirés de la base de données
ACCESS sur les demandes d’intervention du Service de police de Toronto. Il s’agit d’une vaste base
de données géomatiques, qui comprend les dossiers de toutes les demandes d’intervention policiere
impliquant des événements a caractere violent enregistrées depuis 1995. L’ organisation du projet de
télévision en circuit fermé de Toronto et les résultats de 1’analyse sont comparés aux constatations
tirées d’études antérieures sur I’efficacité des systemes de télévision en circuit fermé.
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Portée des résultats : Les résultats présentés et discutés dans le rapport indiquent que, apres la
mise en ceuvre du systeme de caméras de télévision en circuit fermé, le niveau de criminalité a
diminué dans trois des cinq zones étudiées, mais n’a pratiquement pas bougé dans les deux autres.
Ces résultats sont étayés par des données chronologiques couvrant toute la période pour laquelle
des dossiers existent (de 1995 a 2008). Bien que I’auteur ait tenté de corroborer ces résultats a
I’aide de statistiques sommaires calculées, les niveaux de criminalité pendant la période du projet
étant comparés aux niveaux de criminalité observés a la méme période de 1’année précédente, ces
derniers calculs, méme s’ils concordaient avec les résultats obtenus des données chronologiques,
n’ont pas passé les tests de signification statistique. Ces constatations vont dans le méme sens que
les observations tirées de 1’examen de la littérature. D’apres les résultats de la présente analyse
et ceux dégagés par I’examen de la littérature, on pourrait conclure que la mise en ceuvre d’un
systeme de caméras de télévision en circuit fermé est peut-Etre efficace, mais qu’une analyse plus
approfondie s’impose. Dans 1’avenir, il pourrait &tre tres profitable de concevoir soigneusement au
préalable la mise en ceuvre de tout systeme de télévision en circuit fermé.

Recherches futures : A ’aide des données existantes, d’autres analyses des séries chronologiques
pourraient étre faites pour des zones tampons autour des zones visées. L’analyse de la criminalité
dans les zones sélectionnées avant la mise en ceuvre du projet pourrait aider a définir les tendances,
I’évolution de la criminalité, les changements externes imprévus qui ont pu influer sur les résultats,
les mesures d’atténuation existantes et autres caractéristiques, et a isoler leurs effets de ceux de
la surveillance par systéme de télévision en circuit fermé. De futures recherches devraient aussi
s’intéresser a I’effet sur les collectivités et au sentiment de sécurité, aspects qui n’ont pas été traités
au moment ou I’étude présentée dans ce rapport a été réalisée en raison de problemes non résolus
concernant la disponibilité des données, le manque de capacité et les contraintes de temps.
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1 Introduction

1.1 Closed Circuit Television (CCTV) Surveillance - Basic
Concepts and Theory

CCTYV is a surveillance technique that aims to prevent crime by increasing the perceived risks of
potential offenders in engaging in criminal acts [1]. Cameras, located at predetermined points to
ensure optimal coverage, collect images that are transfered to a monitoring station or are stored for
subsequent analysis and review. Cameras can be static (i.e, focusing on a single view), or can pan,
tilt and zoom (either moved by operators during live monitoring, or pre-programmed and placed on
‘tours’ to survey a succession of scenes).

The theory behind CCTV’s aim to reduce crime makes a number of assumptions about the mecha-
nisms under which CCTV works, which are discussed below.

Generally, the main objective of CCTV surveillance implementation is deterrence. The presence of
the cameras is thought to have a deterrent effect on potential offenders, as long as they are aware
that the cameras may be watching their activities. When the locations of the cameras are advertised,
potential offenders may perceive that the increased risk of being caught by police outweighs the
benefits of the intended crime. Crime prevention is therefore a feature of offender perception,
which might produce a self-discipline in which such individuals control their acts.

Also, CCTV cameras allow for efficient deployment of police resources, by monitoring the scene to
determine whether police assistance is required. This ensures that police resources are called upon
only when necessary.

Another objective of CCTV surveillance is to reduce fear of crime (i.e., increase feeling of safety)
in communities where such systems are implemented. The presence of the cameras may encourage
the public to frequent the surveilled area more. In addition to the direct desired benefit of the com-
munity feeling more safe and secure, this might lead to an increase in the natural surveillance, thus
reinforcing the increased perceived risk of being caught for potential offenders. On the other hand,
potential victims are reminded of the 'risk’ of crime, therefore altering their behaviour accordingly.

Finally, the ability to store images enables post-incident analysis, facilitating follow-on investiga-
tion. CCTV cameras capture images of offences taking place. In some cases this may lead to pun-
ishment and the removal of the offenders’ ability to offend (either due to incarceration, or increased
monitoring and supervision).

At the same time, the presence of cameras might raise concerns about privacy, and public interest
has been focused on whether CCTV systems pose threats to civil liberties. For that reason, such
surveillance systems implementation is normally done under strict guidelines in regard to camera
location and orientation.

While such concerns are legitimate and must be addressed by careful design and implementation,
CCTYV surveillance systems have become an important crime prevention and security measures,
and continuous technical advances, leading to improved systems and reduced costs, are bound to
improve system performance and lead to more and more such systems being deployed.
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1.2 Toronto Project Background

The Toronto Police Services have commissioned Canadian Police Research Centre (CPRC) to per-
form an independent Program Impact Review (PIR) focusing on results from the Toronto Police
Services (TPS) Closed Circuit Television (CCTV) pilot initiative. Over the period May 2007 to
October 2008 they installed CCTV cameras in a number of areas for periods of time between six
months and one year; these installations are described in Annex A. Data are available from the
TPS calls-for-service (CFS) database on the numbers of various crimes committed, along with their
dates, times, locations and types of crime; a detailed description of the database can be found in the
CCTYV Evaluation Project charter [2] and is summarized in Annex B.

CPRC has requested the assistance of the Operational Research Team in the Centre for Security
Science to perform the analysis of these data, with the emphasis on applicable statistical techniques,
and to assess thereby the effectiveness of surveillance cameras in reducing crime.

1.3 Outline

Section 2 reviews previous major studies on the effectiveness of CCTV surveillance on reducing
crime. It discusses main findings of those studies, as well as the methods used to establish effec-
tiveness.

Section 3 describes the analysis conducted on the crime data provided by the Toronto Police Ser-
vices up to November 28, 2008, in order to assess the impact of their CCTV pilot initiative. This
section describes the methods of analysis and their application to determine the effectiveness of
surveillance cameras in reducing crime, and it reports results for five areas with implemented sur-
veillance cameras for which before and after implementation data was available at the time of the
analysis.

Section 4 draws conclusions and makes recommendations for future implementations of CCTV
cameras based on the results of the analysis discussed in Section 3.

2 DRDC CSS TR 2010-09



2 Effectiveness of CCTV Surveillance on Reducing
Crime - Previous Research Studies

Continuous improvement of CCTV technology and cost reductions in video-monitoring equipment
have contributed to a steady increase in CCTV deployment. As a situational crime prevention inter-
vention, video surveillance of public places has steadily increased, registering a tremendous growth
in recent years, particularly in Britain [3] and especially in London [4]. The use of CCTV sur-
veillance by law enforcement agencies to fight crime in the United States is less common, although
federal grants to aid local law enforcement in fighting terrorism after the terrorist attacks of Septem-
ber 11, 2001 have contributed to an appreciable increase in CCTV deployment in the United States
more recently [5]. Based on the review of the literature in open source searches during the work
documented in this report, in Canada, the employment of video surveillance systems that are mon-
itored by law enforcement has been rather small scale, although one could expect that to change,
given the increased availability, improving performance of such systems and decreasing costs, as
well as the general global trend.

The remainder of this section will review previous major studies on the effectiveness of CCTV
surveillance on reducing crime, as well as the methods used to establish effectiveness.

2.1 The Home Office CCTV Research Studies

2.1.1 The Home Office CCTV Review 2002

The first systematic review of the effects of CCTV in preventing crime was carried out by Welsh
and Farrington [6]. Systematic reviews have explicit objectives, explicit criteria for including or ex-
cluding studies, extensive searches all over the world for eligible evaluations, careful extraction and
coding of key features of studies, a structured and detailed report of the methods used for locating,
appraising, and synthesizing evidence, and explicit conclusions about effect sizes [7]. In their sys-
tematic review, Welsh and Farrington only included evaluations with before-and-after measures of
crime in experimental and comparable control areas. This was regarded as the minimum standard of
methodological quality that was adequate for drawing conclusions about effectiveness in evaluation
research [8].

The study by Welsh and Farrington [6] reviews the findings of forty six relevant previous studies
from both the US and UK on the effectiveness of CCTV in crime reduction. Of the 46, only
22 were considered to be rigorous enough for inclusion in their meta-analysis, according to strict
methodological criteria:

1. CCTV was the main intervention studied. For evaluations involving one or more other inter-
ventions, only those evaluations were considered in which either the author identified CCTV
as main intervention or, if the author did not do this, the importance of CCTV relative to
the other interventions was clear. This was done because in other cases it is impossible to
disentangle the effects of CCTV from the effects of other interventions.

DRDC CSS TR 2010-09 3



2. There was an outcome measure of crime. The most relevant crime outcomes were violent and
property crimes (especially vehicle crimes).

3. The evaluation design was of high methodological quality, with the minimum design involv-
ing before-and-after measures of crime in experimental and control areas.

4. The studies included a comparable control area.

5. The total number of crimes in each area before the intervention was at least 20. The main
measure of effect size was based on changes in crime rates between the before and after time
periods. It was considered that a measure of change based on an N below 20 was potentially
misleading. Also, any study with fewer than 20 crimes before would have insufficient statis-
tical power to detect changes in crime. In fact, the author of the current paper found that a
criterion of 20 is too low, but Welsh and Farrington [6] did not want to exclude studies unless
their numbers were clearly inadequate.

Welsh and Farrington [6] stressed the importance of criterion 3. Ideally, one would like to be able to
use the ‘gold standard’ of the randomised experiment [8]. The key feature of randomised controlled
trials, which are widely used in medical evaluations, is that the experimental and control groups are
equated before the experimental intervention on all possible extraneous variables. Hence, any sub-
sequent differences between them must be attributable to the intervention. Technically, randomised
experiments have the highest possible internal validity in unambiguously attributing an effect to a
cause. The randomised experiment, however, is only the most convincing method of evaluation if
a sufficiently large number of units is randomly assigned to ensure that the experimental group is
equivalent to the control group on all possible extraneous variables (within the limits of statistical
fluctuation). As a rule of thumb, at least 50 units in each category are needed. This number is rela-
tively easy to achieve with individuals but very difficult to achieve with larger units such as areas,
as in the evaluation of CCTV schemes. For larger units such as areas, the best and most feasible
design usually involves before-and-after measures in experimental and control conditions together
with statistical control of extraneous variables. The use of a control condition that is comparable
with the experimental condition is necessary in order to exclude threats to internal validity.

The review draws conclusions on the effectiveness of CCTV generally and on its effectiveness in
terms of specific settings (e.g., car parks, public transport or city centres). Welsh and Farrington
concluded that 11 showed a desirable effect on crime, five an undesirable effect, that the apparent
positive effect was not supported by clear evidence in an additional five, and that in one study it was
simply hard to distinguish whether there was any effect.

The location and focus of the CCTV implementation were found to be important. Studies of the
city centre and public housing showed that CCTV had a small overall positive effect; approximately
two per cent better in experimental areas than in control areas. On public transportation there was
again a mixed message; overall there was a reduction in crime in experimental areas, but it was not
significant, and of the four studies, one found no effect and another an undesirable effect. In car
parks the findings were clearer; CCTV had a statistically significant effect, in that there was a 41%
reduction in vehicle crimes, although in all the studies other measures, such as street lighting, were
in operation alongside CCTV. Based on these findings, Welsh and Farrington suggest that a package
of interventions focused on a specific crime type made the CCTV-led projects in car parks effective.
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With the caveat that Welsh and Farrington’s work [6] focused on a narrow range of studies and did
not include qualitative work, their review of previous work did not offer conclusive evidence that
CCTYV on its own impacts positively on crime levels.

2.1.2 The Home Office CCTV Review 2005

The most frequently cited review in the CCTV literature was authored by Gill and Spriggs [9].
This study is comprehensive and nuanced, providing details on operation, technology used, cost
effectiveness and it breaks down effectiveness by types of crimes.

In their report, Gill and Spriggs [9] evaluate 13 CCTV projects (comprising 14 separate systems)
implemented in a range of contexts, including town centres, city centres, car parks, hospitals and
residential areas. The main objective of the crime data analysis was to measure the impact of
the CCTV projects on crime and fear of crime. For the analysis, the authors adopted a quasi-
experimental model aimed to achieve as far as possible Level 3 of the Maryland Scientific Methods
Scale [8]. This requires a measurement of change in the incidence of crime before and after the
installation of CCTV in both an intervention, or ‘target’, area, and a control area. The analysis
aimed to measure change for a significant length of time following implementation, though imple-
mentation delays and failures, the lack of a suitable control, and limited access to data in some cases
reduced the planned robustness of the analysis to some extent.

Gill and Spriggs [9] used police recorded crime statistics to measure changes in levels of crime
in the intervention areas and in comparable control areas before and after the CCTV systems were
installed. Where appropriate, changes in crime patterns in the surrounding areas were also assessed,
in order to measure any displacement or diffusion of benefit effects. Researchers identified other
crime reduction initiatives operating within the intervention and control areas, so that it could be
assessed to what extent these offered alternative explanations for changes in crime levels. Also
documented was the process by which the project designers chose CCTYV, and the extent to which
CCTYV was evaluated as a means of addressing local problems.

All the systems had the broad objective of reducing crime. Out of the 13 systems evaluated, six
showed a relatively substantial reduction in crime in the target area compared with the control area,
but only two showed a statistically significant reduction relative to the control, and in one of these
cases the change could be explained by the presence of confounding variables. Crime increased in
seven areas but this could not be attributed to CCTV. The findings in these seven areas were incon-
clusive as a range of variables could account for the changes in crime levels, including fluctuations
in crime rates caused by seasonal, divisional and national trends and additional initiatives.

Gill and Spriggs have found that systems installed in a mixed category of areas (e.g. car parks,
a hospital and various other areas covered by one system) displayed the most encouraging results
in terms of reduction in crime, particularly in car parks, while town centre and residential systems
showed varied results, with crime going down in some areas and up in others. Residential rede-
ployable schemes appeared to show no long-term reduction in crime levels, however, the cameras
were dealing with short-term problems, which require sensitive measures to detect the impact of the
cameras.
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They have also found that certain types of offences were affected more than others. Impulsive
crimes (e.g. alcohol-related crimes) were less likely to be reduced than premeditated crime (e.g.
theft of motor vehicles). Violence against the person rose and theft of motor vehicles fell in the
target areas in accordance with national trends in recorded crime.

Some system attributes had more effect than others. For example, camera coverage was positively
correlated to effect size, although this was not statistically significant. Increased camera density
(numbers of cameras installed per unit area) was related to effect size, but only up to a density level
where the number of cameras installed in an area had reached saturation point. CCTV seemed more
effective in sites with limited and controlled access points, such as entrances and exits to the area.

Spatial displacement of crime was not common but did occur. One system showed evidence of
displacement of overall crime into the surrounding area, while a second system showed displace-
ment of burglary into the surrounding area, and a third showed displacement of vehicle crime into
the gaps in coverage between cameras. None of the factors outlined above determine exactly how
well a system will work, but they suggest what combinations of factors can work together to reduce
crime.

Public attitude surveys were conducted, to assess changes in public perceptions of CCTV in the
intervention areas and comparable control areas before and after the installation of CCTV. These
included residential in-home surveys and town/city centre in-street surveys. Public attitude surveys
were carried out before and after the installation of CCTV in 12 different areas: nine residential
estates and three city/town centres. The surveys covered a number of important issues, summarized
below.

o Awareness of cameras: Individuals were usually aware of cameras in their area, and were
highest in small residential areas. Public awareness increased with the number of cameras
per unit area increased (though the positive correlation was not statistically significant).

o Worry about being a victim of crime: Members of the public worried less about becoming
victims of crime in the intervention area following the installation of CCTYV, but this was sta-
tistically significant in only three areas (the effect was significant in the target area compared
with the control area in just two areas). These changes in levels of worry about crime did not
appear to be affected by type of area. Respondents who were aware of the cameras actually
worried more often about becoming a victim of crime than those who were unaware of them.
Knowing that cameras were installed in an area did not necessarily lead to a reinforced feeling
of security among respondents.

o Feelings of safety: Feelings of safety increased in all but one of the areas surveyed following
CCTYV installation (in three areas the effect was greater in the target than in the control area),
however, none of the results were statistically significant.

e Reported victimisation: In eight CCTV implementation schemes, a reduction in the percent-
age of respondents who reported having been victims of crime was reported after the installa-
tion of the system (four of these eight recorded a larger reduction in the target than the control
area), however, none of the data were statistically significant. In six residential areas the num-
ber of reported incidents increased or decreased in line with changes in recorded crime levels
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generally, so tending to confirm the reliability of the recorded crime data. Victimisation did
not appear to be affected by the type of area the CCTV system was installed in. Worry about
being a victim of crime declined in seven areas in step with a reduction in reported victimi-
sation. This suggests that worry about being a victim of crime was directly related to crime
levels, rather than the mere presence of the cameras.

e Changes in behaviour: Respondents rarely changed their behaviour following the installation
of CCTV. Across the areas surveyed, only from two to seven per cent visited places they had
previously avoided. This is substantially fewer than the 15 per cent of pre-implementation
respondents who thought that CCTV would encourage them to visit places they avoided.
Also, the presence of CCTV did not discourage people from visiting places. Only one per
cent of respondents said they avoided places once CCTV had been installed.

e Support for CCTV: The proportion of respondents happy or very happy about having cameras
in their area declined in nine areas following their installation; in five of these the reduction
was statistically significant. However, the level of support of CCTV remained high at over
70% of the sample in all but one area. At the same time, concerns regarding the implication
for civil liberties decreased slightly following the implementation of CCTV. Whereas 17% of
respondents expressed such concern prior to its installation, this declined from two to seven
percentage points post CCTV installation.

e Perceived effectiveness of CCTV: In residential areas, the proportion of those who perceived
the impact of CCTV to be positive decreased following its installation in all the areas sur-
veyed. Respondents were less likely to think that people reported more incidents to the police
once CCTV was installed, although in all cases over a third of respondents thought that this
was the case before implementation. They were less likely to think that the police responded
more quickly to incidents following CCTV installation, although the proportion of respon-
dents who thought that this occurred varied from 12% to 60%. They were less likely to think
that crime had got lower following installation of CCTYV, although 27 to 70% thought that it
had.

In addition to the aspects discussed in the above paragraphs, Gill and Spriggs [9] also looked at the
technical specification and design as well as the process of implementing and installing the CCTV
systems. Also, control room operations and control room management were assessed, including
working relationships with external agencies such as the police. Overall, they concluded in their
report that the use of CCTV needs to be supported by a strategy outlining the objectives of the
system and how these will be fulfilled. This needs to take account of local crime problems and
prevention measures already in place.

2.2 US CCTV Research Studies

Fewer studies of video surveillance have been conducted in the United States, where cameras have
been erected in a piecemeal manner, and have not undergone an extensive process of networking.
However, Welsh and Farrington’s meta-analysis [6], summarized in 2.1.1, compared UK and US
sites, and the two authors revisited this comparison in a 2004 follow-up [10]. In their review, Welsh
and Farrington found that none of the five evaluations of CCTV conducted in the United States
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found a statistically significant crime reduction. In what follows, findings from a few more recent
independent studies of small-scale systems are reviewed, offering a preliminary view of the impact
of video surveillance on crime in US cities.

2.2.1 Temple University Philadelphia Case Study 2008

Ratcliffe and Taniguchi at Temple University, Department of Criminal Justice, have studied the
crime reduction effects of public CCTV cameras in the city of Philadelphia, using two different
evaluation techniques [11].

The first technique, Hierarchical Linear Modeling (HLM), was used to evaluate the general impact
of all of the cameras. This technique allows for different camera implementation dates, any seasonal
variation in crime, and any general trends in crime at each site. HLM finds that the introduction
of CCTYV cameras is associated with a 13% reduction in all crime (both serious crime and disorder
crime, according to definitions shown in the Appendix A of the study [11]) after the implementation
of the cameras, with the most significant impact of the cameras being on disorder crime count, 16%
lower for the target areas following implementation, after controlling for the days per month, the
average temperature that month, and the crime trend at each target location. The frequency of
serious crimes around each camera location was generally too low to detect a measurable impact in
serious crime alone. The authors of the study did not interpret this as meaning that serious crime was
not impacted, just that the levels of serious crime were too low to detect a statistically significant
effect.

The second technique, Weighted Displacement Quotient (WDQ) is employed to determine whether
or not differences between the target areas and buffer areas are a result of displacement from the
target area or a diffusion of benefits from the use of CCTV surveillance in the target area. The
determination of a WDQ first requires the researcher to determine three operational areas; the target
area where the crime reduction strategy has been deployed (in this case, CCTV camera viewsheds),
a buffer area that is estimated to be the most likely location that crime would be displaced to, and
a control area that acts as a check on general crime trends that are affecting the region in general.
Based on WDQ analysis, the introduction of CCTV was associated with considerably different
impacts on crime at each site. At half of the sites, crime did not reduce in the target area. At
four sites, serious crime reduced and there was even evidence of a diffusion of positive benefits
to surrounding streets. At some sites, crime reduced in the target area but there was apparent
displacement to surrounding streets. Therefore the 13% reduction in overall crime was comprised
of very different behaviors at CCTV evaluation sites.

2.2.2 The University of California, Berkeley, San Francisco Case Study 2008

Jennifer King and colleagues at Centre for Information Technology Research in the Interest of
Society (CITRIS) and the Samuelson Clinic at the University of California, Berkeley, studied the
effectiveness of San Francisco’s small video surveillance system. In their final report [12], based
on aggregate statistics on serious violent crime and serious property crimes before and after instal-
lation of cameras in high-crime neighbourhoods, King’s group found a statistically significant and
substantial declines in property crime within view of the cameras. Within 100 feet of camera loca-
tions, the decline was 24% percent. No corresponding declines were observed in the immediately
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adjacent areas, neither were increases in property crime observed in these areas. When incidents
occurring in public and incidents occurring in private places were analyzed separately, statistically
significant and substantial declines were observed near the cameras for crimes occurring in public
only, and no relationship between distance from the camera and the change in crime for property
crime occurring in private locations. No corresponding relative changes in crime near the cameras
for areas in the control area were found. Thus, all three tests point to a significant deterrent effect
of the cameras on property crime.

Regarding violent crime, King and colleagues did not find evidence of an impact of the cameras.
Violent incidents did not decline in areas near the cameras relative to areas further away, there was
no decline in violent crimes occurring in public places, and no statistically significant differences
in the relationships between the before-after change in crime and the distance from the camera
locations for target sites and comparison (control) sites. When violent crimes were disaggregated,
analysis of specific violent crime rates reveals a decline in overall homicides in areas near the
cameras but an increase in areas far from the cameras, suggestive of a displacement effect. However,
disaggregating the data into homicides occurring in public as opposed to private areas yields little
evidence of a decline in homicides near the cameras or a significant increase in homicides far from
the cameras. Thus homicide patterns in the areas surrounding the cameras during the time period
before, during, and after camera installation were consistent with random variation. The researchers
did not find evidence of an effect of the cameras on other types of incidents (e.g., drug incidents,
prostitution, vandalism, and other incidents described as suspicious occurrences).

Finally, King and colleagues performed analysis to investigate the effectiveness of the Community
Safety Camera program in investigating crime that occur within view of the cameras and assisting
in the prosecution and defence of charged crimes. The researchers note that despite poor image
quality, camera footage has been useful for criminal investigations; while there are occasional in-
stances where suspects or witnesses can be identified, more often footage is helpful in establishing a
sequence of events for a crime or placing witnesses at a scene. Camera footage has assisted police in
laying charges against a suspect, but has also contributed to charges against suspects being dropped
or amended by the District Attorney’s office in a few cases. There has been limited success with the
cameras acting as a ‘silent witness’, with footage standing in for witness testimony.

2.2.3 The University of Southern California Los Angeles Case Study 2008

Aundreia Cameron and colleagues at the University of Southern California School of Policy, Plan-
ning and Development released a report to the California Research Bureau in May 2008, on the
effects of video surveillance on crime in two areas of Los Angeles [5]. The group used a quasi-
experimental research design to analyze the effectiveness of video surveillance and looked at five
out of 14 cameras along a high-traffic section of Hollywood Boulevard and six cameras at the Jordan
Downs Public Housing Project in Watts.

Statistical analysis of crime and arrest data before and after implementation found that:

e Neither cameras in Jordan Downs nor Hollywood Boulevard had any statistically significant
effect in reducing the overall monthly crime rates within the target areas.
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e The monthly rate of violent crimes fell in both the Jordan Downs and Hollywood target areas
but the results were not statistically significant.

e The monthly rate of property crimes decreased in Hollywood and increased in Jordan Downs,
but the results were not statistically significant.

e The evidence on the displacement of crime is mixed; in both locations, some crimes increased
at a faster rate in buffer areas (between 500 and 1000 feet), while other crimes decreased at a
faster rate in these same areas; however, the results were not statistically significant.

e CCTYV had no statistically significant effect on monthly arrest rates for misdemeanour ‘quality
of life’ infractions in either Jordan Downs or Hollywood Boulevard.

The study [5] notes that local implementation and operations were found to be critical to CCTV
effectiveness, and complemented their statistical findings through interviews with the Los Angeles
Police Department, community groups and business interests as well as through related documents
and media reports. Base on these efforts, the researchers found that the types of crimes being
targeted by the Los Angeles Police Department, and the dynamism of the areas under study, may
limit the ability to draw general conclusions about CCTV effectiveness based on their results. They
did, however, state a number of lessons that can be learnt from their experience:

e CCTV is a tool for law enforcement, not a panacea.
o Effective and sustainable CCTV systems require adequate training, leadership and resources.
e Deterrence and enforcement are strongly intertwined.

e Additional research is needed into how local program operations affect program implemen-
tation, as well as the detection, apprehension and prosecution of criminal suspects.

2.3 Summary of Previous Studies

The literature review presented in this section paints a mixed picture of the effectiveness of CCTV
surveillance on reducing crime. While some crime reduction effects have been supported by ev-
idence, the underwhelming extent to which this could be done does not seem to be proportionate
with the rapid growth of crime prevention initiatives relying on video surveillance of public places.

Most of the studies discussed here found that the effectiveness of CCTV surveillance was dependant
on the location of cameras, as well as the type of crime. For example, a reduction of crime in car
parks in the presence of surveillance cameras was a fairly consistent finding across many studies.
Also, a reduction in property crimes was observed consistently, and so was a reduction in disorder
crime. Generally, the effects were most pronounced on the types of crimes that imply premeditation,
and in areas where the CCTV implementation was supplemented with other interventions (e.g.,
improved street lighting). For violent crime offences, the results reported were more inconclusive.
Most studies reviewed here did not find declines in violent crime; those that did, found that the
effect was small and, in most cases, not statistically significant.
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More definite conclusions can be drawn from this review section about experimental design. Many
studies seem to agree that the observed effects depended on particular characteristics of the tar-
geted areas, and thus may be hard to replicate elsewhere. The importance of understanding the
implementation setting and thoughtful target selection are emphasized in virtually all of the studies
reviewed. When evaluating effectiveness of video surveillance on reducing crime, one has to con-
sider, at the very least, the availability of before and after measures of crime in experimental areas,
and of suitable control measures. Ideally, when designing a CCTV surveillance evaluation project,
a number of suitable areas, free from other interventions that might confound CCTYV effects, should
be identified. Some of these areas would then be randomly selected for CCTV implementations,
with the remaining areas used for control measures. Surrounding areas should also be identified,
and the corresponding crime data analyzed, in order to capture any diffusion of benefits or displace-
ment of crime effects. Trends in crime rates, seasonal effects, and other relevant variables should
be captured for all these areas.

In real life situations, often the perceived urgency to intervene in ‘problem’ areas makes experi-
mental design an after-the-fact consideration. Since ideal experimental conditions are a luxury that
usually researchers in this field do not have, one has to be careful to present any findings in context
and with appropriate caveats. This may limit the ability to draw general conclusions about CCTV
effectiveness, and this limitation is a recurring theme in the studies reviewed here.
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3 Statistical Analysis of the Toronto Police Service
Call-for-Service Data

This section describes the analysis conducted on the crime data provided by the Toronto Police
Services up to November 28, 2008, in order to assess the effectiveness of surveillance cameras
in reducing crime. It describes the methods of analysis and their application to address some of
the questions posed in the design of the pilot project, described in the Project Charter [2] and
summarized in Section 1.2. Results are compared with findings and lessons learned from previous
studies, summarized in Section 2.3.

This paper addresses only those questions in Ref. [2] related to crime reduction in the targeted areas
and diffusion of benefits beyond the targeted areas; some general considerations about displacement
and dispersion are also discussed. However, because of unresolved issues about the data available,
lack of capacity and lack of time, addressing the other questions in Ref. [2] (e.g., community impact
and perceptions of safety, and unexpected external changes that may have influenced the outcome)
has been deferred.

3.1 Data Provided and Data Reconciliation

There were six areas targeted for the implementation of the CCTV pilot initiative discussed in this
report, and they are described in Annex A. The analysis presented in this section covers the five
areas for which data were available at the time the work presented here was done. They include one
target area in North York (31 Division), two target areas in Scarborough (42 Division), one target
area in the Entertainment District (52 Division), and one target area in the 51 Division.

The data were provided by the Toronto Police Service in two lots:

e An ACCESS database of incidents in the period 1 Jan 1995 to 26 Aug 2008, inclusive; and

o An EXCEL spreadsheet of locations of surveillance cameras.

More details on the data are presented in Annex B. In the ACCESS database, the map location of
each incident was given in an ‘easting’ and a ‘northing’, i.e., in units of metres from the zero point
for the grid zone for Toronto. See Ref. [13] for details of this system. For each descriptive location,
such as 2739 VICTORIA PARK AVE’, the grid locations were exactly the same throughout the
database; this supports the inference that the grid references were consistently copied from some
central standard for each descriptive location, instead of being measured for each incident. The
imprecision introduced by this practice could not be assessed.

The EXCEL spreadsheet provided the map location of each camera, given in coordinates from GPS
measurements, in degrees and minutes of angle, with the minutes specified to three decimal places.

The angular locations were converted to grid references using two different programs from the In-
ternet; these yielded consistent results for their conversions. The descriptive locations of camera
locations and of incident locations were then compared. When a camera location and an incident
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location had the same descriptive location, their grid references were compared, as shown in Fig-
ure B.2. The eastings for the camera locations were, with two exceptions, less than 28 metres
smaller than the eastings for the incident locations. The northings for the camera locations were,
with one exception, between 205 and 261 metres smaller than the northings for the incident loca-
tions.

While unknown, the imprecision arising from the use of standard locations for incidents, instead
of measured locations for each incident, is unlikely to exceed the discrepancies found between the
two systems of measurement - the eastings and northings recorded for the incidents and the angular
references of the GPS reading for the camera locations.

Because of these inexactitudes, the determination, for each incident, of its location within or outside
a surveilled area often cannot be done with certainty. The areas used for the statistical analysis are
therefore areas that can be specified readily in the database of incidents and that are approximations
to the areas of surveillance. For the purposes of this trial, perpetrators are unlikely to know the
surveilled areas more precisely than that.

3.2 Data Analysis Methods

3.2.1 Data Selection

The first step in the analysis was to define ‘target areas’ and select all the incidents in those areas
before, during and after the implementation of the CCTV camera systems. The cameras were on
a 360 degree programmed tour, and they were designed to zoom in and out as they sweep areas of
particular importance. The cameras were positioned to cover areas within 100 - 200 metres from
their location.

‘Target areas’ were given by the overlapping coverage of a ‘cluster’ of cameras installed at the same
general location. ‘Buffer areas’ are areas directly adjacent to target areas, obtained by extending a
further 200 metres beyond the boundaries of each target area. Boundaries for both target and buffer
areas were chosen with factors such as major roads, natural boundaries and other topographical
features in mind. More details about boundary selection and calculations involved are presented in
Annex C.

For the entertainment district (Divisions 52) and Division 51 efforts were made to select control
areas that were similar to the targeted areas. Control areas were selected in the same general zone
and with as similar features to the targeted areas as possible. In a truly randomized experiment, a
number of areas with similar attributes (e.g., general location, physical features, and crime levels)
are identified beforehand, and the systems whose impact one wants to evaluate are assigned ran-
domly to some of the identified areas. This was not the case with the current project, and because of
significant limitations in control area selection, the author decided to compare any effects on crime
that the implementation of CCTV systems might have had in the target areas with the crime records
for the whole city, as the level of crime in the city seems to have been fairly constant over the period
of time for which records exist (1995-2008). The approach used in this work is consistent with best
practices in the field, as discussed in Section 2.
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In order to assess the impact of CCTV system implementation, the author has looked at levels of
crime in the selected areas during the implementation period and during the same time period in each
of the years with records prior to the implementation. For example, if the pilot project ran from May
to November 2007, summary statistics were calculated for the implementation period and for the
period May to November 2006, as well as time series for the months from May to November each
year since the records started until implementation (1995 to 2007). This data selection attempts to
eliminate any seasonal effects that might alter the conclusions (e.g., the number of crime during the
winter months might be different than the number of crimes during the summer months). Ideally,
one would prefer to have data for a full year after implementation and at least a full year before.
However, in only one of the areas evaluated was the CCTV system kept for a full year, while in
an additional area the system was operational for seven months and for the remaining areas the
cameras were installed for a period of six months.

3.2.2 Summary Statistics

For each target area considered, summary statistics were calculated - the total and the average
monthly number of recorded incidents and associated standard deviation - for the selected areas
during the implementation period and during the selected period before implementation (as dis-
cussed in the previous section). Simple percentage changes in the average monthly number of
incidents before/after implementation were calculated, with positive values indicating a decrease
in crime after implementation (desired effect) and negative values indicating the opposite effect (a
value of zero indicating unchanged level of crime).

To determine whether any observed changes are statistically significant, the author calculated the
Relative Effect Size (RES) between the number of recorded offences in the target areas and buffer
areas, control areas (where identified) and citywide. This calculation measures the effect of the
intervention in the target area and is based upon the odds ratio (sometimes also called a contingency
table [14]). To construct this statistic, the following information is required:

Table 1: Information for relative effect size (RES) calculation

Crime count in the set number of | Crime count in the set number of
months (preferable 12 months) | months (preferable 12 months)

before implementation after implementation
Target Area a b
Comparison Area c d

(e.g., buffer, control)

Given the information in Table 1, the RES is then calculated as:

_a/b
RES = ojd (D

Values of the RES over one indicate a relative decrease in crime levels in the target area compared
with the buffer, control area or citywide, respectively. To test the significance of the RES values
and construct confidence intervals, the associated standard error has also been calculated. 95%
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confidence intervals have been used to assess statistical significance. While one might be tempted
to accept a weaker confidence level, weaker levels might lead to conclusions based on findings
that could plausible have arisen by chance, especially given the lack of true randomization in the
experimental setup.

In calculating RES values and the associated standard errors, the author has followed the techniques
described in Ref. [15], including adjusting the calculations to account for temporal fluctuations in
the variance of monthly records of crimes. In order to do that, variance over a 12-month period was
estimated as the maximum of either 12 multiplied by (monthly standard deviation)? associated with
the mean number of crimes over a year, or the actual number of crimes in the year. For example,
with respect to the number of crimes in the target area before implementation, a, the variance of
crime is either a or 12 x (S.D.(a))?. Where only six months of pre- and post-data was used to
calculate the RES, the square of the standard deviation was multiplied by 6 rather than 12. The
standard error was calculated as:

6° = (var(a)/a® + var(b) /b* + var(c) /c* + var(d) /d*). 2)

The associated 95% confidence interval (CI) was estimated from the following formula:
CI = effect size = (effect size x 2 x 67), 3)

with negative limits set to zero. For justification in using these formulae, please see Ref. [15]
(particularly footnote 2).

3.2.3 Time Series

A second technique used in the analysis was based on time series. For this part, the number of
incidents in each target area during the implementation months (see discussion in section 3.2.1) and
for all years with records was plotted over time. For each target area, it was possible to identify
temporal trends in the data before implementation and use regression techniques to predict values
for the implementation period if no CCTV system had been implemented. Predicted values for the
number of incidents and calculated 95% confidence intervals were compared with data after CCTV
system implementation. The results of the comparison enabled the author to assess the effects of
implementation without worrying about possible effects of other confounding factors that might
have had an effect during the implementation period.

3.3 Results of Analysis and Discussions

3.3.1 Entertainment District - Division 52

Target area: within Division 52 (entertainment district), the target area was defined, as described
in 3.2.1 and detailed in C, as the area covered by the cluster of cameras located at the following
intersections:

e Pearl Street, east of Duncan Street;
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e Duncan Street/Adelaide Street West;

e Duncan Street/Richmond Street West;

e Richmond Street West, east of Duncan Street;
e Richmond Street West/Widmer Street;

e Richmond Street West/Peter Street;

o Adelaide Street West/Peter Street; and

e Richmond Street West/John Street.

Implementation period: 01/05/2007-31/04/2008.
Discussion

A superficial evaluation of the tabulated percentage change results shown in Fig. 1 shows a decrease
in the total number of violent crime incidents reported in the implementation period compared to
the same period the year before implementation in the target area. Similar effects are also seen in
the buffer area and the control area, while the level of crime citywide remained virtually unchanged.
The calculated RES values seem to indicate a stronger impact on crime in the buffer area than in
the target area, virtually as strong an effect in the control area as in the target area and a reduction
in crime in the target area compared to citywide data. This would indicate a diffusion of benefits
not only in the immediate buffer area, but also in a larger zone around the target. However, in
all these cases the RES value of one falls within the calculated 95% confidence intervals (which
was calculated taking into account temporal fluctuations in the data over the observed periods of
time). Thus, none of the above results withstand scrutiny when subjected to statistical significance
tests. In other words, these results cannot be used to draw conclusions about the effectiveness of the
implementation of CCTV cameras in reducing crime.

The time series results shown in Fig. 2 and 3, however, show that the implementation of the CCTV
system significantly reduced the number of incidents in the implementation period, leading to a
value in the implementation period below the calculated value (and 95% confidence interval) based
on the trend in crime evolution over the years. Overall, the time series in Fig. 2 shows a steep
increase in crime levels over time in the target area, and the implementation of the CCTV system
leads to a break in this trend.
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Figure 3: Regression results based on time series for entertainment district - Div. 52
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3.3.2 Division 51

Target area:

e Dundas Street/George Street;

e Gerrard Street/George Street;

Pembroke Street/Dundas Street;

Dundas Street/Sherbourne Street East;

Dundas Street/Sherbourne Street West;

Sherbourne Street/Shutter Street; and

Queen Street/Sherbourne Street.

Implementation period: 01/11/2007-31/04/2008.
Discussion

Again, a superficial look at the tabulated percentage change results shown in Fig. 4 seem to show
in this case a virtually unchanged level of crime in the target area reported in the implementation
period compared to the same period the year before implementation, a unchanged level of crime in
the buffer area, while a decrease is observed in the control area. The level of crime citywide seems
to have increased slightly for the periods of time considered. The calculated RES values indicate
virtually the same effect on crime in the buffer compared with the target area, a decrease in crime
in the control area compared with the target area, and similar trends in the target area compared
to citywide data. However, once again in all these cases the RES value of one falls within the
calculated 95% confidence intervals, so none of the above results withstand scrutiny when subjected
to statistical significance tests and cannot be used to draw conclusions about the effectiveness of the
implementation of CCTV cameras in reducing crime.

The time series results shown in Fig. 5 and 6 show that the implementation of the CCTV system had
no significant effect on the number of incidents in the implementation period, leading to a value in
the implementation period within the calculated 95% confidence interval based on the trend in crime
evolution over the years. Overall, the time series in Fig. 5 shows a slight decrease in crime levels
over time in the target area, and the value after the implementation of the CCTV system follows the
observed trend.
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Area M. Mo, % change Relative FES Lower | RES Upper | Statistical
incidents | incidents Efect Size | limit (35%) | limit (95%) | significance
hefore after (RES)

Target area 475 471 1% - - - -
Buffer area 334 385 0% 1.01 0.7 1.3 M3
Contral area 178 151 15% 0.86 .56 1.14 MS
Citywide 2337 23834 -3% 1.04 n.ya 1.249 MS
Figure 4: Summary statistics for target area - Div. 51
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Figure 5: Time series for target area - Div. 51

Mo, incidents | Predicted walue | if | Lower limit | Upper limit | Observed
after no implementation (95%) (H5%) effect
implementation
471 441 396 436 Mo effect

Figure 6: Regression results based on time series for target area - Div. 51
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3.3.3 North York - Division 31

Target area:

e Jane Street/Finch Avenue West;
o Jane Street/Yorkwood Gate; and

e Jane Street/Firgrove Crescent.

Implementation period: 01/05/2007-31/10/2007.
Discussion

The tabulated percentage change results shown in Fig. 7 seem to show a decrease in the total number
of violent crime incidents reported in the implementation period compared to the same period the
year before implementation in the target area. Similar effects are also seen in the buffer area. The
author could not identify a suitable control area in this case. The level of crime citywide remained
virtually unchanged. The calculated RES values seem to indicate a larger impact on crime in the
target area than in the buffer area, and a reduction in crime in the target area compared to citywide
data. This would indicate some diffusion of benefits in the immediate buffer area. But again, in all
these cases the RES value of one falls within the calculated 95% confidence intervals, so the results
do not pass statistical significant tests and cannot provide the base for any effectiveness conclusions.

The time series results shown in Fig. 8 and 9, however, show that the implementation of the CCTV
system significantly reduced the number of incidents in the implementation period, leading to a
value in the implementation period below the calculated value (and 95% confidence interval) based
on the trend in crime evolution over the years. Overall, the time series in Fig. 8 shows a slight
increase in crime levels over time in the target area, and the implementation of the CCTV system
leads to a large decrease below the trend.
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Area i [u [ % change Felative RES Lower | RES Upper | Statistical
incidents | incidents Efect Size | limit (95%) | limit (95%) | significance
hefore after (RES)

Target area 123 214 22% - - -
Buffer area 104 94 10% 1.16 .67 ME
Citywide 27900 2TRAEN 1% 1.27 0.5z MES
Figure 7: Summary statistics for North York - Div. 31
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Figure 8: Time series for North York - Div. 31

Mo. incidents | Predicted value, if [ Lower limit | Upper limit | Observed
after no implementation 195%) (95%) effect
implementation
a5 135 115 152 Feductian

Figure 9: Regression results based on time series for North York - Div. 31
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3.3.4 Scarborough - Division 42

Target area Al:

o Morcambe Gate/Victoria Park Avenue; and

e Morcambe Gate/Chester Le Boulevard.

Implementation period: 01/05/2007-31/10/2007.
Discussion

The tabulated percentage change results shown in Fig. 10, again, on a superficial examination, show
a decrease in the total number of violent crime incidents reported in the implementation period
compared to the same period the year before implementation in the target area. Opposite effects are
seen in the buffer area, indicating a potential displacement of crime. The author could not identify
a suitable control area in this case. The level of crime citywide remained virtually unchanged. The
calculated RES values seem to indicate a larger impact on crime in the target area than in the buffer
area, and a reduction in crime in the target area compared to citywide data. Again, in all these
cases the RES value of one falls within the calculated 95% confidence intervals. It must be noted
that because of low numbers of records over the observed time periods and large variations from
month to month, as well as a reduced implementation period (only six months) the author has less
confidence in the statistical calculations (this is also reflected in the very broad confidence interval).
As was the case with all previous areas, the results do not pass statistical significance tests and
cannot be used.

The time series results in Fig. 11 and 12 show that the implementation of the CCTV system had no
significant effect on the number of incidents in the implementation period, leading to a value in the
implementation period within the calculated 95% confidence interval based on the trend in crime
evolution over the years. Overall, the time series in Fig. 11 shows unchanged crime levels over time
in the target area, and the value after the implementation of the CCTV system follows the observed
trend.
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Area i [u [ % change Felative RES Lower | RES Upper | Statistical
incidents | incidents Efect Size | limit (95%) | limit (95%) | significance
hefore after (RES)
Target area 44 349 11% - -
Buffer area a5 A1 -11% 0.26 2.24 ME
Citywide 27800 2TEED 1% 0.3r 1.87 MES

Figure 10: Summary statistics for Scarborough - Div. 42 (target area A1)
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Figure 11: Time series for Scarborough - Div. 42 (target area A1)
Mo. incidents | Predicted value, if | Lower limit | Upper limit | Observed
after no implementation 195%) (95%) effect
implementation
34 34 24 44 Mo effect

Figure 12: Regression results based on time series for Scarborough - Div. 42 (target area Al)
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Target area A2:

e Neilson Avenue/Sewells Road; and

e Brenyon Way, west of Sewells Road.

Implementation period: 01/05/2007-31/10/2007.
Discussion

The tabulated percentage change results shown in Fig. 13 seem to show a large decrease in the total
number of violent crime incidents reported in the implementation period compared to the same
period the year before implementation in the target area. A decrease in crime numbers could also
be seen in the buffer area, indicating a potential diffusion of benefits. The author could not identify
a suitable control area in this case. The level of crime citywide remained virtually unchanged. The
calculated RES values seem to indicate a larger impact on crime in the target area than in the buffer
area, and a large reduction in crime in the target area compared to citywide data. Again, in all
these cases the RES value of one falls within the calculated 95% confidence intervals. As in Target
Area Al, low numbers of records over the observed time periods and large variations from month
to month, as well as a reduced implementation period (only six months) lead the author to have
less confidence in the statistical calculations (this is again reflected in the very broad confidence
interval). As was the case with all other areas, the results do not pass statistical significance tests
and cannot be used.

The time series results shown in Fig. 14 and 15 show that the implementation of the CCTV system
significantly reduced the number of incidents in the implementation period, leading to a value in the
implementation period bellow the calculated value (and 95% confidence interval) based on the trend
in crime evolution over the years. Overall, the time series in Figure 5 shows an increase in crime
levels over time in the target area, and the implementation of the CCTV system leads a decrease
below the trend, visible even with the scatter due to low numbers of records.
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Area i [u [ % change Felative RES Lower | RES Upper | Statistical
incidents | incidents Efect Size | limit (95%) | limit (95%) | significance
hefore after (RES)
Target area 20 11 45% - - - -
Buffer area 20 14 25% 1.36 Q.00 3.0 ME
Citywide 27800 2TEED 1% 1.80 0.23 3.38 MES

Figure 13: Summary statistics for Scarborough - Div. 42 (target area A2)
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Figure 14: Time series for Scarborough - Div. 42 (target area A2)

Mo. incidents | Predicted value, if [ Lower limit | Upper limit | Observed
after no implementation 195%) (95%) effect
implementation
11 2B 18 34 Feduction

Figure 15: Regression results based on time series for Scarborough - Div. 42 (target area A2)
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4 Conclusions and Recommendations

The results presented and discussed in Section 3 of this report indicate that the level of crime de-
creased in three out of five areas after the implementation of the CCTV camera systems, and re-
mained largely unchanged in the remaining two. These findings are supported by time series data
done over the entire period of time for which records exist (1995 to 2008). While the author tried to
support these finding with calculated summary statistics, where crime levels over the implementa-
tion period were compared with crime levels during the same period in the previous year, the latter
calculations did not stand scrutiny when they were subjected to statistical significance tests.

Based on the above findings, one might conclude the implementation of CCTV camera systems can
be effective, but further analysis is necessary. Based on existing data, additional time series analysis
could be done for identified buffer areas around the target areas (this was not done because of lack
of time).

Analyzing the effectiveness of any future implementation of CCTV systems would benefit greatly
if such implementation is preceded by careful design. Thus, earlier involvement of statistical advice
on experimental design is recommended, especially concerning controls. Ideally, a large number
of areas could be identified beforehand, and they would be randomly allocated to have cameras or
not. Crime analysis in the selected areas prior to implementation might help identify trends, crime
evolution, existing mitigating measure and other characteristics and separate them from the effects
of CCTYV surveillance. In addition, coverage of at least one year is recommended, in order to avoid
seasonal effects. Also, longer implementation period, as well of extended target areas, might lead
to larger numbers of records, and thus improved statistical results.

A fully randomized controlled trial is only rarely achieved in an operational setting. However, there
are experimental designs that can yield quite a few of the benefits of a ‘gold standard’ design at
a moderate increase in the burden of the trial. The possibility of using such designs should be
examined before the trial. The benefits are so great that this is one of the strongest reasons for
early involvement of statisticians in the trial design. Additionally, all maps and other geo-coded
information should be brought into registration before the trial starts; there should be exactly ONE
map used for camera locations and crime locations. The accuracy of location information should
also be determined before starting to gather data. In this trial there was an almost consistent bias of
less than 28 metres in eastings and another almost consistent bias of between 205 and 261 metres
in northings. A small amount of pre-trial work could confirm these biases and accurately estimate
them; they could then be eliminated in later analyses.

The findings presented in this report are consistent with what was learned from reviewing previ-
ous research studies. For violent crime types of offences, declines in violent crime were observed
in some cases, but not present or not significant in others. Since the Toronto CCTV pilot initia-
tive only targeted (and data were provided for) violent offences, the author could not investigate
whether the effects on other types of offences, such as property crime or disorder offences, were
more substantial. The limitations related to experimental setup were similar to many other video
surveillance initiatives studied in the reports discussed in Section 2. The present work makes the
argument for sorting out the design issues at the outset of any future project, before implementation,
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to the benefit of both researchers trying to produce sound analyses, and law enforcement agencies,
which ultimately want to implement interventions that are proven to produce results.
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Annex A: CCTV Camera Installations

This annex describes the installation of CCTV cameras in a number of areas in Toronto by the
Toronto Police Services (TPS) over the period May 2007 to October 2008. The description is based
upon details found in the CCTV Evaluation Project Charter [2] and supplemented by additional
information provided by TPS in e-mail exchanges. As a component of their comprehensive crime
management strategy, based on existing research into the use of Closed Circuit Television (CCTV)
technology and under strict privacy guidelines set by City of Toronto Corporate Access and Privacy
office, the Toronto Police Services (TPS) identified specific areas for deployment of CCTV camera
systems as part of a pilot project. The areas targeted were identified as having elevated levels of
crime comparative to the surrounding neighbourhoods and not responding well to other ongoing
strategies. On April 30, 2007, the following cameras were deployed in North York (31 Division),
Scarborough (42 Division), and the Entertainment District (52 Division) as part of the pilot project:

North York (31 Division):

e Jane Street/Finch Avenue West;

e Jane Street/Yorkwood Gate; and

e Jane Street/Firgrove Crescent.
Scarborough (42 Division):

e Morcambe Gate/Victoria Park Avenue; and

e Morcambe Gate/Chester Le Boulevard.
Scarborough (42 Division):

e Neilson Avenue/Sewells Road; and

e Brenyon Way, west of Sewells Road.
Entertainment District (52 Division):

e Pearl Street, east of Duncan Street;

e Duncan Street/Adelaide Street West;

e Duncan Street/Richmond Street West;

e Richmond Street West, east of Duncan Street;

e Richmond Street West /Widmer Street;

e Richmond Street West / Peter Street;

o Adelaide Street West/Peter Street; and

e Richmond Street West /John Street.
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On October 31, 2007, the six-month pilot cameras in 31 and 42 Divisions were removed and re-
deployed to 51 Division:

51 Division:

e Dundas Street/George Street;

Gerrard Street/George Street;

Pembroke Street/Dundas Street;

Dundas Street/Sherbourne Street East;

Dundas Street/Sherbourne Street West;

Sherbourne Street/Shutter Street; and

e Queen Street/Sherbourne Street.

The 51 Division and Entertainment District (52 Division) cameras remained in place until April 30,
2008. After that they were removed and re-deployed to the 14 Division until Oct. 31, 2008.

14 Division:
e Queen Street/Bathurst Street, South East corner;
e Queen Street/Bathurst Street, North West corner;
o Bathurst Street/Queen Laneway East;
e Bathurst Street/Queen Laneway West;
e Queen Street/Ryerson Ave; and

e Queen Street/Markham Street.

The cameras were programmed to perform a 360 degree tour. There were no degree by degree
distance markers to establish what was within view of the camera throughout its tour. As the cam-
era made its tour, it zoomed in and out as designed for areas of particular importance. It was also
focused down to the sidewalk at any point where a larger view could create privacy concerns for res-
idences. Each camera was individually programmed with these factors in mind. The cameras were
positioned to cover areas within 100 - 200 metres from their location, with overlapping coverage
points in order to ensure the best coverage possible of the target area.
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Annex B: Crime Data

This annex describes the data provided for analysis by the Toronto Police Service.

1. The call-for-service (CFS) ACCESS database includes all records of demands for policing ser-
vices involving events of a violent nature, and each crime location is geo-coded. Violent CFS
includes the following event types:

e Assault

e Assault Just Occurred

e Assist P.C. (Police Constable)
o Assault In Progress

e Indecent Exposure Just Occurred
e Fight

e Holdup

e Holdup Alarm

e Homicide

e Indecent Exposure

e Person with a Gun

e Person with a Knife

e Robbery

o Sexual Assault

e Shooting

e Sound of Gunshot

e Stabbing

e Unknown Trouble

o Wounding

The TPS CFS data is the most consistent, geo-coded data available to TPS for an extended period
of time, 1 Jan 1995 to 26 Aug 2008. The map location of each incident was given in an ‘easting’
and a ‘northing’, i.e. in units of metres from the zero point for the grid zone for Toronto. See
Ref. [2] for details of this system. For each descriptive location, such as ‘2739 VICTORIA PARK
AVE’, the grid locations were exactly the same throughout the database; this supports the inference
that the grid references were consistently copied from some central standard for each descriptive
location, instead of being measured for each incident. A sample of the database table is provided in
Figure B.1 below.
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2. The EXCEL spreadsheet with locations of surveillance cameras includes the map location of
each camera, given in coordinates from GPS measurements, in degrees and minutes of angle, with
the minutes specified to three decimal places.

The angular locations were converted to grid references using two different programs from the
internet; these yielded consistent results for their conversions. The descriptive locations of camera
locations and of incident locations were then compared. The EXCEL spreadsheet in Figure B.2
below shows the GPS coordinates received from TPS, the grid reference conversions of those GPS
coordinates, the grid references for those same locations found in the incident database and the
discrepancy between the converted and CFS database eastings and northings.
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Annex C: Selection of Target, Buffer and Control Areas

This annex discusses the process of boundary selection for target and buffer areas, and the selection
of control areas.

The first step in the analysis was to define ‘target areas’ and select all the incidents within the
target area boundaries before, during and after the implementation of the CCTV camera systems.
‘Target areas’ were given by the overlapping coverage of a ‘cluster’ of cameras installed at the
same general location. Initially, the author had looked at each camera individually and selected
100-200 metres (depending on the physical features) around it, because the cameras were on 360
degree tour and ‘reached’ as far as 100-200 metres from where they were mounted. A closer look
at all camera locations on the map, and e-mail exchanges with TPS, led to the realization that a
number of cameras were designed to survey an extended area (e.g., Peter St - Adelaide St - Simcoe
St - Richmond St in Div. 52). Thus, the ‘target area’ was defined as an area that extended 50-
100 metres beyond the polygon that contained all the cameras at the same general location, again,
depending on such factors as major roads, natural boundaries, tall or low buildings and other similar
features. There was a slight complication introduced by the fact that streets do not run perfectly
north-south or east-west, which was ‘fixed’ by some vector calculations (rotating the reference
system) to define appropriate boundaries. For boundary definition, the camera location coordinates
used were those found in the database for incidents reported at the camera locations (see Table B2),
because the northing coordinates obtained from the GPS conversions were systematically about 200
metres smaller (between 205 and 261 metres) compared to the database northing coordinates for the
same locations. Some of the camera intersections were not found in the database, but because the
cluster of cameras was considered, rather than individual locations, it did not matter, as long as
those cameras were ‘boundary cameras’. ‘Buffer areas’ were areas directly adjacent to target areas,
obtained by extending a further 200 metres beyond the boundaries of each target area. Boundaries
for both target and buffer areas were chosen with such factors as major roads, natural boundaries, tall
or low buildings, zoning and other physical features in mind. For two target area (Division 52 and
51), the analysts attempted to select control areas. They were selected in the same general location
as the target areas, between 500-1000 metres away, and they were mainly selected based on similar
physical characteristics. This is far from ideal, since the selection does not include crime analysis;
moreover, in regards to the entertainment district (Division 52), it has been pointed out by TPS that:
‘There is no comparative area anywhere else in the city. It is an anomaly that the Toronto Police
Service struggles with every weekend. The mass influx of people creates a population greater than
that of many cities in Canada. A control area for the Entertainment District is simply impossible
in the City of Toronto’. For these reasons, while comparisons with the ‘control areas’ selected by
analysts were included, the comparison with citywide data as a control measure (also included) is
considered more useful.
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List of symbols/abbreviations/acronyms/initialisms
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CCTV
CFS
CITRIS
CORA
CPRC
CSS
DND
DRDC
HLM
OR
PIR
RES
S&T
TPS
UK
US
WDQ

Closed-Circuit Television

Call-for-Service

Centre for Information Technology Research in the Interest of Society
Centre for Operational Research and Analysis
Canadian Police Research Centre

Centre for Security Science

Department of National Defence

Defence Research and Development Canada
Hierarchical Linear Modeling

Operational Research

Program Impact Review

relative effect size

Science and Technology

Toronto Police Services

United Kingdom

United States

Weighted Displacement Quotient
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