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Abstract 

Traditionally, scholars have taken an offender-centred approach to the understanding of 

sexual violence that has resulted in treatment practices and community management 

strategies that focus primarily on the person responsible for the crime irrespective of the 

other factors that may have played a role in the offence. There is, however, a small but 

growing literature within this field that has shifted the etiological focus from just that of 

the offender to the other actors involved in the offence, as well as the environment in 

which each event occurs. Although the importance of this latter factor is recognized in 

these studies, the utility it has for theory development and practical implications for 

sexual offences is still unclear due to the methodological approaches previously taken 

and the conceptual definitions used. In an effort to overcome these limitations, three 

interrelated empirical papers compose this thesis that draw from the field of 

environmental criminology, specifically the criminology of place, to investigate the spatial 

and temporal patterns of 2,260 sexual crimes that occurred within a large city in British 

Columbia between August 1, 2002 and July 31, 2006. The first study investigates where 

sexual crimes take place by examining their spatial distribution and its stability over time 

using four spatial scales of analysis. These findings set the stage for the second study 

that identifies the social and physical characteristics of those places that experience high 

counts of sexual violence. The final study determines when these crimes occur within 

this city, studying this phenomenon at both the seasonal and intraweek levels, as well as 

their temporal stability over this five-year period. The collective contributions from this 

thesis emphasize the applicability and utility of such an approach to the study of sexual 

violence that puts the unit of analysis on the place, rather than the offender. In doing so, 

theoretical, methodological, and practical suggestions are put forth that may better the 

understanding of sexual violence and complement current prevention strategies and sex 

offender management tools.  

Keywords:  sexual violence; crime and place; environmental criminology; 

spatiotemporal analysis; policing; sex offender management 
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Chapter 1.  
 
Introduction 

With few exceptions, our understanding of sexual violence as well as our 

responses to it have traditionally been offender-focused. Indeed, the vast majority of 

theoretical models specific to sexual offending largely implicate the pathology(ies) of the 

person committing the crime irrespective of the other factors that may have played a role 

in the offence (for a review of these theories, see Marshall, 1996). Using these 

theoretical frameworks that identify specific factors responsible for the onset of sexual 

offending, whether it be biological, psychological, or sociological influences, to name a 

few, various prevention efforts have been developed to mitigate these risk factors to 

ultimately prevent the continuance of sexually deviant behaviour. The most notable are 

the Self-Regulation Model (see Laws & Ward, 2006) and the Good Lives Model (see 

Ward & Gannon, 2006) that are both rehabilitative frameworks that operate in 

accordance with the Risk, Need, and Responsivity principles (see Andrews, Bonta, & 

Hoge, 1990). These principles emphasize the need to assess the offender’s level of risk 

for re-offending and to match the intensity of the intervention to the level of risk (Ogloff & 

Davis, 2004). Although adherence to the Risk, Need, and Responsivity principles has 

been shown to reduce both general and sexual recidivism of sexual offenders (Hanson, 

Bourgon, Helmus, & Hodgson, 2009), these individuals are still thought to pose a serious 

risk to society. This is evident by the proliferation in the number of sex offender laws in 

both the United States and Canada that aim to not only increase the sentences imposed 

on convicted sex offenders, but also control, more closely, those released back into the 

community (Mancini, Shields, Mears, & Beaver, 2010). The focus of such legislation as 

indefinite civil commitment, community registration and notification, electronic 

monitoring, and residency restrictions, is, again, the offender, and how to contain his/her 

propensity to sexually recidivate, but there are indeed other factors at play, beyond just 

the role of the offender, that are implicated in the commission of sexual violence. 

Drawing from the criminal event perspective (Miethe & Meier, 1994; Sacco & 

Kennedy, 1994, 2002) that recognizes the role of other actors in the offence apart from 

just that of the offender, a body of literature has emerged that has increasingly 
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emphasized the role that the environment plays in the commission of sexual crimes. 

That is, each sexual offence is an event, and that in order to exist, it needs to take place 

at a specific location in both space and time, while also involving certain offenders and 

victims (Cohen & Felson, 1979). Several scholars have studied the role that the 

environment plays in the decision-making of offenders leading up to the initiation of a 

sexual offence, particularly in the hunting process of offenders (Beauregard & Leclerc, 

2007; Beauregard, Proulx, Rossmo, Leclerc, & Allaire, 2007; Beauregard, Rossmo, & 

Proulx, 2007), their crime site selection (Deslauriers-Varin & Beauregard, 2014a; Hewitt, 

Beauregard, & Davies, 2012), as well as their target selection scripts (Beauregard, 

Rebocho, & Rossmo, 2010; Deslauriers-Varin & Beauregard, 2010). While the research 

focus has very much been on the offender’s pre-offence behaviours, only a few 

researchers have studied the role that the environment plays in sexual offender 

decision-making after the offence has begun, and how those decisions are tied to 

particular outcomes (Hewitt & Beauregard, 2014b, 2017; Pedneault, Beauregard, Harris, 

& Knight, 2017). The overall conclusion from these studies is that the environment plays 

an important role during all stages of the criminal event (i.e., pre-crime, crime, and post-

crime periods, see Cornish & Clarke, 1986), and any analysis of the etiology of sexual 

violence that does not recognize its influence is potentially missing a large piece of the 

puzzle. However, within the context of these studies, the ‘environment’ generally refers 

to descriptions of the physical places where sexual crimes occur (e.g., land use, type of 

building, accessibility, indoor or outdoor), and times that they take place (e.g., day 

versus night, weekday versus weekend, holiday, season). Although informative, these 

descriptors only allow for a limited understanding of how place and time impact the 

occurrence of sexual crime events, and how this information can be used for prevention 

purposes. In recognition of the importance of studying the environment in the context of 

sexual violence, while also acknowledging that there is much more to this type of crime 

than focusing solely on the offender and his/her pathology(ies), this thesis will use a 

different perspective – one that is focused on place – to see if this can broaden our 

understanding of the sexual crime problem and provide new ideas for prevention. 

Methodologically, this new perspective will move beyond what is currently done in this 

small, but growing, literature, by examining the microplaces (i.e., geographic locations) 

and microtimes of sexual offences, rather than just using aggregate descriptors. 
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1.1. Spatial and Temporal Patterning of Crime within an 
Environmental Criminology Framework 

Research in the spatial analysis of crime has consistently found that criminal 

activity is unevenly distributed across both space and time. It has been noted that the 

socio-economic and socio-demographic composition of cities, as well as the location of 

major population attractors, contribute to this patterning (Brantingham & Brantingham, 

1981, 1993; Felson, 1994a). Rooted within the field of environmental criminology, social 

disorganization theory (Shaw & McKay, 1942) as well as crime pattern theory, the latter 

of which encompasses rational choice (Cornish & Clarke, 1986), routine activity (Cohen 

& Felson, 1979), and the geometry of crime (Brantingham & Brantingham, 1981, 1993) 

(all to be discussed in more detail in chapter three), have often been used as 

frameworks within which this phenomenon can be understood. These theories implicate 

how the social and built environment influence the spatial and temporal patterning of 

people in particular times at particular places, and thus opportunities for criminal activity. 

Because social disorganization theorists look to the characteristics of neighbourhoods 

and communities to explain spatial and temporal variations of crime, scholars in the field 

of spatial criminology in more recent years have used crime pattern theory as the 

preferred theoretical backdrop because of its emphasis on explaining these variations at 

the micro-level (Weisburd et al., 2016). It is argued within this latter approach that the 

routine activities of people bring them to particular places during certain times of the day, 

and they travel to and from these nodes via pathways that offer them the least amount of 

resistance (see Zipf, 1949, for a discussion of the principle of least effort). Because the 

routine activities of people overlap in particular places at certain points in time, these 

locations and times thus become at higher risk for certain criminal events if the rewards 

for committing the crime outweigh the associated costs. As such, Weisburd, Groff, and 

Yang (2012) note that underscoring crime pattern theory is the concept of place because 

“not only are places logically required (an offender must be in a place when an offense is 

committed), but also their characteristics are seen to influence the likelihood of a crime 

and the likelihood that particular places will become crime hot spots” (Weisburd et al., 

2012, p. 8). It thus follows that various crime prevention techniques have been 

developed that target these high-risk places, rather than high-risk offenders, such as 

situational crime prevention (Clarke, 1980, 1995; Cornish & Clarke, 2003) and hot spots 

policing (e.g., see Koper, 1995; Sherman & Weisburd, 1995; Weisburd & Green, 1995). 
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Although there is spatial and temporal patterning to crime, researchers have 

found that it varies according to crime type (see, for example, Andresen & Linning, 2012; 

Andresen & Malleson, 2015; Linning, Andresen, & Brantingham, 2016; Melo, Pereira, 

Andresen, & Matias, 2017). This is largely because the choice-structuring properties of 

particular situations make them more or less conducive to certain criminal or non-

criminal behaviours (Clarke & Cornish, 1985). Indeed, the nature of the activities that 

routinely occur in specific locations will largely influence both the type and volume of 

criminal activity that take place (Felson, 1987). Echoed by Sherman (1995), “to the 

extent that place features enhance the ability of offenders to commit some crimes, but 

not any crime, in theory, places should display crime specialization” (p. 44). One would 

expect there to be more burglaries in residential land use areas during daytime hours 

when people are not expected to be at home (see also Ratcliffe, 2001; Rengert & 

Wasilchick, 2000), for example, than in a forested area or entertainment district during 

the night. Similarly, predatory crimes, such as forcible rape, are thought to concentrate in 

areas where there is a steady supply of unguarded victims and unhandled offenders in 

poorly managed locations (Bichler, Malm, & Enriquez, 2014; Block & Davis, 1996; Eck, 

Clarke, & Guerrette, 2007; Madensen & Eck, 2008; Weisburd et al., 2016) such as 

transit hubs, shopping centres, and bars, during times of the day and days of the week 

when routine activities allow. In spite of the theoretical importance and practical utility of 

disaggregating crime into its detailed types to get at the true nature of how it varies 

across space and time, Andresen and Linning (2012) have noted that there are 

difficulties in doing so because of the sensitive nature and confidentiality of crime data, 

as well as researcher access to it (see also Andresen, 2006b, 2007, 2011; Cahill & 

Mulligan, 2003; Miethe, Stafford, & Long, 1987; Murray, McGuffog, Western, & Mullins, 

2001; Weisburd, Bushway, Lum, & Yang, 2004). While access to data may be easier, 

and concerns regarding its sensitivity and confidentiality less strong, when working with 

less serious crimes such as property offences, certainly these issues intensify when 

working with more serious crime data, such as sexual assault. These hardships may 

explain, in part, why there is a relative lack of research that analyzes the spatial and 

temporal variation of sexual violence specifically, in comparison to other types of crime, 

at the most micro-level (i.e., spatial units smaller than census tracts, and temporal units 

smaller than seasons or months).  
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In light of these considerations, the three linked studies contained within this 

thesis overcome this limitation by utilizing a unique data source that has been made 

available through a collaborative partnership between the Institute for Canadian Urban 

Research Studies within the School of Criminology at Simon Fraser University, and the 

Royal Canadian Mounted Police (RCMP) – Canada’s national police force. This Crime 

Data Warehouse contains over five million address-level criminal event records from all 

of the RCMP jurisdictions within British Columbia (174 of the 186 police jurisdictions in 

the province). For the purposes of the current thesis, and because previous research 

that has explored the relationship between the built environment and crime patterns has 

emphasized locally-based analysis (e.g., Frank, Andresen, & Brantingham, 2013; Song, 

Andresen, Brantingham, & Spicer, 2015; Wuschke, 2016), one large, representative 

municipality within the province was chosen to be analyzed for all three research 

chapters. The crime event data involving sexual violence1 were chosen according to the 

definitions of sexual assault in Canada, based on those found in the Criminal Code 

(1985). Level 1 sexual assault (s. 271) is an assault (see s.265(1)) of a sexual nature 

upon a complainant that involves minor, or no, physical injuries to him/her. Level 2 

sexual assault (s. 272) is more serious in nature as it involves the threat of, or actual use 

of, a weapon, threats to someone other than the complainant, or causing bodily harm to 

the complainant. Level 3 is aggravated sexual assault that, while “committing a sexual 

assault, [the person] wounds, maims, disfigures or endangers the life of the complainant” 

(Criminal Code,1985, s. 273). The ‘other sexual offences’ code includes violations that 

primarily involve sexual abuse against children (Brennan & Taylor-Butts, 2008): sexual 

interference (s. 151), invitation to sexual touching (s. 152), sexual exploitation (s. 153), 

incest (s. 155), anal intercourse (s. 159), and bestiality (s. 160). These crime event data 

cover the time period from August 1, 2002 to July 31, 2006 inclusive, thereby allowing 

for an in-depth analysis of the spatial and temporal variation of sexual violence in 

particular, as well as its stability over time. 

                                                
1 The terms ‘sexual violence’, ‘sexual assault’, ‘sexual offence(s)’, ‘sexual crime(s)’ and ‘sexual 
aggression’ are used interchangeably throughout this thesis, but all of them refer to an assault of a 
sexual nature as defined by the Criminal Code (1985). 
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1.2. The Contribution of “Criminology of Place” to the 
Study of Sexual Violence 

The relationship between the environment and criminal activity, particularly the 

geographic patterning of crime, is not new. Indeed, the first set of these studies dated 

back to the late 19th century (see Guerry, 1831; Quételet, 1842) and continued into the 

twentieth century with members of the Chicago School (e.g., Burgess, 1925; Shaw & 

McKay, 1942; Shaw, Zorbaugh, McKay, & Cottrell, 1929) producing classic work that is 

still held with high regard today. New developments have emerged over the past three 

decades, however, with respect to how this relationship between crime and the 

environment should be tested. For example, prior to the 1980s much of the work in this 

field tried to better understand the influence that large geographic units, such as cities, 

large communities, or neighbourhoods, had on crime. The problem with this aggregated 

approach is that it has the potential to mask spatial and temporal variations in crime at 

the micro-level, that being any geographic unit of analysis smaller than a community or 

neighbourhood. In recognition of this, criminologists have had a greater interest in recent 

years to move from large areal units of analysis to microgeographies (Weisburd et al., 

2012), in what has become a new criminological perspective known as “the criminology 

of place” (Sherman, Gartin, & Buerger, 1989) or “crime and place” (Eck & Weisburd, 

1995). This interest has also been facilitated by the emergence of opportunity-based 

approaches to crime since the late 1970s (i.e., routine activity, situational crime 

prevention, and the geometry of crime), as well as the increasing availability of 

geographic data from police agencies and the commercialization of software for crime 

mapping and spatial analysis (Weisburd & McEwen, 1997).  

“Crime and place” is a term that explains the relationship between criminal 

activity and specific microplaces within the larger social environments of communities 

and neighbourhoods (Eck & Weisburd, 1995). However these ‘microplaces’ may be 

operationalized, whether it be specific buildings or street addresses (Green, 1996; 

Pierce, Spaar, & Briggs, 1988; Sherman et al., 1989), block faces, “hundred blocks,” or 

street segments (Andresen & Malleson, 2011; Taylor, 1997; Weisburd et al., 2004, 2006, 

2012), and/or clusters of addresses, block faces, or street segments that experience 

similar crime problems (Block, Dabdoub, & Fregly, 1995; Sherman & Weisburd, 1995; 

Weisburd & Mazerolle, 2000; Weisburd et al., 2006), Eck and Weisburd (1995) note that 

the idea is to focus on these discrete places, taking into account such things as urban 
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design and architecture (Jeffery, 1971; Newman, 1972), as well as the social and 

physical characteristics of the space, that (dis)inhibit criminal opportunity (Brantingham & 

Brantingham, 1975, 1977, 1981; Duffala, 1976; Hunter, 1988; LeBeau, 1987c; Mayhew, 

Clarke, Sturman, & Hough, 1976; Rengert, 1980, 1981; Stoks, 1981). While crime and 

place studies will be discussed in more detail in the following chapter, the overall 

conclusion from this developing literature is that when the focus is put on the microplace, 

crime is incredibly spatially concentrated, with very few places being responsible for the 

majority of the crime problem (see, for example, Sherman et al.,1989; Weisburd et al., 

2004, 2012, 2016). An equally important research question that has since emerged from 

these findings is: are these concentrations stable over time? And generally speaking, 

researchers have found that they are, that while there is some heterogeneity across 

microplaces in terms of the amount of crime that takes place there, hot spots generally 

remain hot spots, and cold spots remain cold spots (Braga, Papachristos, & Hureau, 

2010; Curman, Andresen, & Brantingham, 2015; Weisburd et al., 2012). These findings 

have led crime and place researchers to cogently argue for putting places, rather than 

people, at the forefront for the purposes of both better understanding, and dealing with, 

the crime problem (Weisburd et al., 2012).  

Although consistent findings have emerged in the crime and place literature thus 

far, even though the field is still relatively in its infancy, several gaps in the literature 

remain. First, although the significant clustering of crime at microplaces has been found 

using data from a variety of crime types, only a handful of studies have been conducted 

on predatory crime data, including sexual violence. This gap in the crime and place 

literature may be due to low base rates of this type of crime, and/or access to microplace 

police data (i.e., geographic coordinates), as mentioned above, that allow for such an 

analysis to be performed. However, the empirical evidence emerging from this field thus 

far shows that this place-based approach has considerable potential to add to our 

understanding and prevention of sexual violence, especially given that the offender-

based approach has traditionally, and continues to, dominate the field of sexual 

aggression. Second, of those studies that have analyzed sexual assault data (with some 

focusing only on rape specifically), few have emerged from a Canadian context. 

Because this literature emphasizes the importance of analyzing crime at the local level 

(see also Brantingham & Brantingham, 1993; Wuschke, 2016), this limitation needs to 

be addressed so that prevention measures can be appropriately tailored to the study 
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area in question. Third, studies in the crime and place literature have recently tested for 

how spatial concentrations of crime shift over time (e.g., Andresen & Malleson, 2011; 

Andresen, Curman, & Linning, 2017; Curman et al., 2015). However, some of these 

studies test for the stability of crime patterns over longer time periods (e.g., 5-year 

increments), rather than testing for changes from year-to-year. Again, this limitation may 

be due to limited data access, but it is important to do, especially within the context of 

sexual violence, where crime sites have been found to largely be dependent upon the 

type of victim and his/her activities at the time of the event (see Beauregard et al., 2010). 

Because of this, the spatial patterns of sexual assaults may drastically change within a 

five-year time period, particularly within highly transient neighbourhoods or those that 

have experienced gentrification, as it will affect who inhabits these spaces as well as the 

activities that take place within them. This thesis focuses exclusively on sexual assault 

events and aims to address each of these gaps.  

Since the concentration of different crime types at microplaces has been well 

established up and until this point, one of the next steps for crime and place researchers 

is to answer the question of: why does crime concentrate in some locations and not 

others? To my knowledge, very few studies have attempted to address this question, 

particularly within the context of sexual violence, using a spatial scale smaller than the 

census tract. The most relevant is the study conducted by Ceccato (2014), although it 

was specific to outdoor rape cases in Sweden. A better understanding of the nature of 

sexual assault places would be beneficial for two reasons. First, it would better inform 

environmental risk assessments so that suitable interventions can be implemented in 

places that are known to be hot spots for sexual assaults, while also pinpointing those 

that are at high-risk of becoming hot spots in the future. Second, it would test whether 

environmental risk factors thought to be associated with the onset of sexual violence 

(e.g., presence of schools, liquor establishments, transit hubs) are actually present in 

these concentrated areas. Such findings would provide empirical evidence to support (or 

not) policies specific to sexual offenders such as residency restrictions and the like. 

And lastly, a study of the environment cannot be performed independently of time 

(see Andresen, 2010; Rossmo, 2000). To be able to build upon what is currently known 

about where crime concentrates by determining when potential victims are the most at 

risk in these areas as well, prevention efforts can be even more tailored to the local 

environment. While much of the crime and place research has focused on the spatial 
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element, less is known about how crime in general, and sexual violence in particular, 

concentrates at different points in time (Andresen & Malleson, 2015). As Ratcliffe (2002) 

puts it, “[the] temporal dimension of crime [has] lagg[ed] behind while advances in crime 

location geocoding, mapping technology and user competence have allowed the spatial 

element to flourish” (p. 24). It is the aim of this thesis, then, to apply the concepts and 

methodological approaches from this new line of inquiry that is deeply rooted in the field 

of environmental criminology, to a type of crime that is arguably more ‘person-focused’ 

than any other. In doing so, it is hoped that this place-based approach may be used, 

perhaps not (yet) in place of, but at least in addition to, offender-based approaches, to 

better the understanding of sexual violence and provide another tool that can be used to 

address and prevent this type of crime. 

1.3. Overall Aim of the Thesis 

The goal of this thesis is to identify and better understand those places and times 

that are at an increased risk of experiencing sexual violence, and how that risk fluctuates 

(or not) over time. Simultaneously, each spatial and temporal analysis is conducted at 

varying scales, moving from aggregate to more disaggregate levels that serves to 

showcase how the findings and subsequent conclusions about the nature of these 

patterns, differ, depending on the scale employed (i.e., the modifiable areal unit problem, 

see Openshaw, 1984). In doing so, the relevance of the crime and place framework to 

the study of sexual violence can truly be tested as comparisons across the various 

scales can be performed. This serves to showcase the extent of the ‘ecological fallacy’ 

(Robinson, 1950) inherent in analyses that use more aggregate spatial and temporal 

scales, that would likely lead to false conclusions being made about smaller areas and 

units of time within larger areas and units of time. 

Three linked, yet independent, empirical studies, are presented below. The first 

of these studies, which also serves as the baseline for this thesis, presented in chapter 

two, determines whether or not there is a spatial patterning to sexual violence as well as 

the nature of that patterning. More specifically, this study identifies where sexual 

violence within the large city chosen for the study site takes place. Using multiple spatial 

scales ranging from the census tract to the street segment (and intersection), three 

different measures of spatial concentration are first calculated to determine the degree to 

which sexual violence concentrates within this city. Then, a spatial point pattern test is 
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used to determine if the concentrations are stable over the five-year study period at each 

spatial scale. These findings then inform the second empirical study, presented in 

chapter three, that seeks to identify characteristics associated with this spatial 

patterning. Drawing from both crime pattern and social disorganization theories, negative 

binomial regression is used to identify individual physical and social features of the 

environment that are predictive of sexual crime places. Chapter four shifts the focus from 

the spatial patterning of sexual violence to the temporal patterns that underscore its 

occurrence. Using two statistical techniques that have been developed to be used with 

data that are circular in nature, such as time, the final empirical study seeks to determine 

when sexual violence occurs within this city, studying this phenomenon at both the 

seasonal and intraweek levels, as well as their stability over this five-year period. The 

concluding chapter then reiterates the individual contributions of each empirical study, 

and discusses their significance as a whole. Theoretical, methodological, and practical 

implications of all three studies are then suggested, followed by the limitations and 

directions for future research. 
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Chapter 2.  
 
Dangerous Places: Examining the Spatial 
Distribution and Stability of Sexual Crime Over Time 

2.1. Abstract 

Current sexual offender legislation, such as residency restrictions and global 

positioning system monitoring, is based on assumptions of where sex offenders commit 

their crimes despite the limited empirical knowledge that exists regarding the nature of 

the spatial patterning of this type of violence. Using the crime and place perspective, this 

study utilizes data from a Canadian police database to map the locations of 2,180 sexual 

assaults that occurred between August 1, 2002 and July 31, 2006 in a large city in 

British Columbia. Analyses testing for the spatial concentrations of these criminal events 

are first conducted considering four spatial units of analysis: census tracts, 

dissemination areas, dissemination blocks, and street segments (and intersections). 

Andresen’s (2009) spatial point pattern test is then used to determine if these spatial 

concentrations are stable over this five-year period. Findings indicate that sexual 

assaults do cluster in space, but these concentrations shift from year-to-year. 

Implications for situational crime prevention and sex offender policies are discussed. 

Keywords:  crime and place; sexual violence; spatial concentration; crime stability; 

situational crime prevention; sex offender management. 

2.2. Introduction 

Unlike most other types of offenders, sexual offenders are thought to pose a 

unique and serious recidivism risk. This is evident by the sheer number of sex offender 

policies that have been enacted over the past four decades. For instance, residency 

restrictions and Global Positioning System (GPS) monitoring are two of the policies that 

we have today that aim to restrict the geographic movements of convicted sexual 

offenders to prevent sexual recidivism. Implicit within these policies is the assumption 

that sexual offenders are sexual specialists who are not only at a high-risk to criminally 

recidivate once released back into the community, but that their recidivism will 
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specifically be sexual in nature. This assumption persists despite the overwhelming 

empirical evidence that suggests otherwise (see, for example, Hanson & Bussiere, 1998; 

Sample & Bray, 2003). Of those studies that have investigated the specialist versus 

generalist debate in sexual offending, many researchers have focused on the 

pathology(ies) of the individuals committing these crimes and how that influences their 

propensity to commit future offences (for a review, see Simon, 2000). Few studies have 

examined this empirical debate from an environmental perspective (e.g., Deslauriers-

Varin & Beauregard, 2013, 2014a, 2014b; Harbers, Deslauriers-Varin, Beauregard, & 

van der Kemp, 2012; Lundrigan, Czarnomski, & Wilson, 2010), and even fewer from a 

geographic information systems perspective. These latter analyses, however, are 

necessary for two reasons: (1) to provide empirical evidence to support (or not) the logic 

underlying current sex offender policies that are based on geographic assumptions of 

how individuals move within their environments, and (2) to better inform situational crime 

prevention responses by criminal justice agencies to reduce the incidence of these 

crimes in targeted areas.  

2.3. Literature Review 

2.3.1. Current (Geographic) Sex Offender Policies: A Review of 
Empirical Findings 

Since the 1980s, there has been a proliferation in sex offender laws in both the 

United States and Canada that have not only aimed to increase the sentences imposed 

on convicted sex offenders, but have also aimed to control, more closely, those released 

back into the community (Mancini et al., 2010). The idea behind some of these laws, 

such as residence restrictions and the electronic monitoring of sex offenders by using 

GPS technology, is that sexual offences can be prevented by controlling, or at least 

supervising, the location of sex offenders (Payne & DeMichele, 2011). Residence 

restrictions prohibit convicted sex offenders from residing within 500 to 2,500 feet (being 

most common; National Conference of State Legislatures, 2006; Nieto & Jung, 2006) of 

where children typically congregate, such as schools, parks, daycare centres, and 

school bus stops. The principles upon which this policy was enacted are the principle of 

least effort (Zipf, 1949) and the distance-decay function. According to these principles, 

sex offenders tend to search for potential victims in areas that are close to their home or 

other places where they spend the majority of their time since it requires minimal effort 



13 

and, as such, the number of crimes committed by these offenders decreases 

substantially as the distance from their home increases. Based on these assumptions, 

the idea is that if sex offenders are restricted from residing in areas that put them in 

proximity of children, potential sex crimes will be prevented. 

Several studies have investigated the impact of residence restrictions on sexual 

recidivism (see, for example, Barnes, Dukes, Tewksbury, & De Troye, 2008; Levenson & 

Cotter, 2005; Tewksbury & Levenson, 2007; Zandbergen, Levenson, & Hart, 2010) and, 

overall, findings suggest that there is little evidence to support the success of this policy. 

For example, the Minnesota Department of Corrections (2007) conducted a study of the 

patterns of 224 sexual offenders who were released from correctional facilities across 

the state and sexually reoffended between 1990 and 2005. Findings indicated that of the 

sexual recidivists, only a minority came into contact with their victims in public places – 

places that residence restrictions are intended to protect – while the majority gained 

access to their victims through another adult (e.g., spouse, girlfriend, co-worker, friend, 

or acquaintance). Even more, only “28 initiated victim contact within one mile of their 

own residence, 21 within 0.5 miles (2,500 feet), and 16 within 0.2 miles (1,000 feet). A 

juvenile was the victim in 16 of the 28 cases. But none of the 16 cases involved 

offenders who established victim contact near a school, park, or other prohibited area” 

(Minnesota Department of Corrections, 2007, p. 2). These findings led these researchers 

to conclude that “a statewide residency restrictions law would likely have, at best, only a 

marginal effect on sexual recidivism” (Minnesota Department of Corrections, 2007, p. 3). 

Because the aforementioned studies have generally found that sexual assaults do not 

occur in the locations theorized to be those most at risk for this type of crime, the 

question thus becomes: where are these events taking place? And, are certain places 

within the environment more at risk of sexual violence than others?  

GPS technologies for sex offenders operate under the same assumption as 

residence restrictions; that is, sex offenders, once released back into the community, will 

continue to search and prey upon vulnerable young children (Payne & DeMichele, 

2011). As such, it is thought that the monitoring of sexual offenders – either through 

tracking them in near-real time or delayed reporting (see Brown, McCabe, & Welford, 

2007; DeMichele & Payne, 2009) – will deter them from engaging with children or 

traveling to locations where children are thought to congregate. Similar to the residence 

restrictions policy, empirical research supporting the effectiveness of electronic 
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monitoring at preventing sexual violence is lacking (see, for example, Tennessee Board 

of Probation and Parole, 2007; Turner & Jannetta, 2007). In the case of GPS monitoring 

specifically, Payne and DeMichele (2011) discuss how merely knowing the whereabouts 

of sex offenders within the community, either actively or passively, does not directly 

translate into a way to reduce sexual victimization, it does not take into account the 

complex nature of sexual violence, and it may even provide community members with a 

false sense of security. Even more, some scholars have argued that such a policy does 

little to protect children in the community since the majority of sexual abuse incidents are 

perpetrated by a known offender to the victim, and not a stranger (Leclerc, Wortley, & 

Smallbone, 2010b). Given the bleak empirical findings that have emerged thus far 

regarding these policies, it may be more fruitful to consider a new perspective that has 

emerged out of the criminological literature in recent years to better understand this 

problem, and possible avenues of prevention; that is, the criminology of place. 

2.3.2. ‘Criminology of Place’ or ‘Crime and Place’ 

Over the past three decades, a new perspective in criminology has emerged – 

known as ‘the criminology of place’ (Sherman et al., 1989) or ‘crime and place’ (see Eck 

& Weisburd, 1995) – that has shifted the unit of analysis from those individuals who 

commit the crime to the crimes themselves. This change in focus has been noted by 

Weisburd et al. (2016) to have “considerable potential to add to our current 

understanding and control of crime” (p. 1). ‘Crime and place’ is a term that explains the 

relationship between criminal activity and specific microplaces within the larger social 

environment. In taking this approach, studies have found that crimes, particularly those 

of a predatory nature, are neither randomly nor uniformly distributed throughout the 

landscape (Sherman et al., 1989). Even within neighbourhoods characterized by high 

crime rates, crime tends to cluster in very few locations, and this phenomenon becomes 

even more apparent as one analyzes smaller spatial units of analysis (Andresen & 

Malleson, 2011). For example, within any given neighbourhood, only one or two street 

segments may be responsible for the majority of the crime that occurs in that place.  

The significant clustering of crime at microplaces has been found in a number of 

studies. One of the most influential studies was that conducted by Sherman et al. (1989) 

who investigated emergency calls to street addresses over a one-year period in 

Minneapolis, Minnesota. In their study, Sherman and colleagues (1989) divided 
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Minneapolis into 115,000 places (including both intersections and street addresses) and 

examined the distribution of crime across these places. Findings revealed an astonishing 

concentration of crime in that only 3.3 percent of the places within Minneapolis were 

responsible for a little more than one-half of all the crime calls-for-service during that 

period. Similar findings have been observed in subsequent studies conducted in the 

United States in cities such as Boston (see Pierce et al., 1988), Jersey City (see 

Weisburd & Mazerolle, 2000), the Bronx and Baltimore (see Eck, Gersh, & Taylor, 

1999), Seattle (see Weisburd et al., 2012), and New York City (see Weisburd, Telep, & 

Lawton, 2014). Even within international contexts similar findings have emerged in 

countries such as Israel (see Weisburd & Amram, 2014), the United Kingdom and the 

Netherlands (see Bernasco, 2008; Johnson & Bowers, 2004; Johnson, Bowers, & 

Hirschfield, 1997; Johnson et al., 2007; Pease, 1998; Ratcliffe & Rengert, 2008; 

Townsley, Homel, & Chaseling, 2003), Brazil (see Pereira, Mota, & Andresen, 2017; 

Melo, Matias, & Andresen, 2015) and Canada (see Andresen, Linning, & Malleson, 

2017; Andresen, Curman et al., 2017; Curman et al., 2015). Because of this consistency 

across time periods and across contexts, Weisburd et al. (2012, 2014) termed this 

phenomenon the law of crime concentration at places. Although many crime and place 

researchers have replicated this law in a variety of contexts, only some have done so by 

specific crime types, and of those who have, only a few have examined the 

concentration of sexual assaults at places. 

One such study that did investigate the concentration of rape/ criminal sexual 

conduct events was the original work of Sherman et al. (1989). These researchers found 

that all rape calls-for-service in Minneapolis were generated by only 1.2 percent of 

places. Andresen and Malleson (2011) as well as Andresen and Linning (2012) similarly 

found in a Canadian context that only 4.50 percent, 3.57 percent, and 2.99 percent of 

street segments were responsible for all sexual assaults reported to the police in the city 

of Vancouver in 1991, 1996, and 2001, respectively. To further emphasize the 

concentration of sexual assault events, Andresen and colleagues (2011, 2012) found 

that only 1.12 percent of street segments within this city accounted for 50 percent of all 

sexual violence calls, indicating that there are few street segments that are responsible 

for many of these events. Given this degree of concentration, the next logical question 

is: are these sexual assault concentrations stable over time? In other words, do 

problematic streets persist, do ‘hot spots’ become ‘cold spots’, or do other ‘hot spots’ 
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emerge? In one of the few studies to my knowledge that has investigated this empirical 

question with sexual assault data disaggregated from other crime types, Andresen and 

Malleson (2011) tested the spatial point patterns at three points in time: 1991, 1996, and 

2001. Findings revealed that the locations of sexual assaults are stable when tested at 

five-year increments, with evidence of stability being highest when examined at the 

census tract level. That is, these researchers concluded that hot spots for sexual crime 

appear to persist over long periods of time. Although Andresen and Malleson (2011) 

repeated these analyses at other disaggregate spatial scales of analysis and the same 

conclusion remained, the results should be interpreted carefully. The reason for this is 

because unlike property crime where the target is immobile, or even other types of 

interpersonal crime such as assault or robbery, the locations of sexual crimes are largely 

dependent upon the type of victim and his/her activities at the time of the event (see 

Beauregard et al., 2010). As such, the spatial patterns of sexual assaults may drastically 

change within a five-year period, particularly within highly transient neighbourhoods, and 

these changes would not have been captured in Andresen and Malleson’s (2011) 

analyses. Thus, it becomes necessary to replicate these analyses – taking into account 

the importance of spatial scale – but using multiple annual measurements. 

2.3.3. The Importance of Spatial Scale within Crime and Place 
Research 

From some of the earliest studies in criminology that have acknowledged how 

crime events vary over geographic space, the question that researchers have asked is: 

what is the most appropriate geographic unit to use to address the crime problem? 

(Weisburd et al., 2016). From early on, researchers have used relatively large 

geographic units such as referencing cities or large communities to better understand 

crime (e.g., Burgess, 1925; Guerry, 1833; Quételet, 1831; Shaw & McKay, 1942; Shaw 

et al., 1929). However, there has been greater interest in recent years to move from 

large areal units of analysis to microgeographies, or what Weisburd and colleagues 

(2016) term ‘place.’ These microgeographies may include individual facilities such as 

schools or community centres (Clarke & Eck, 2007; Eck et al., 2007; Kautt & Roncek, 

2007), street addresses (Pierce et al., 1988; Sherman et al., 1989), street segments 

(Andresen & Malleson, 2011; Weisburd et al., 2004, 2006, 2012), and/or clusters of 

street segments that experience similar crime problems (Weisburd & Mazerolle, 2000; 

Weisburd et al., 2006). This interest grew out of studies that have found substantial 
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differences in the spatial patterning of crime when analyzed at different spatial scales 

(e.g., Andresen & Malleson, 2011; Groff, Weisburd, & Morris, 2009; Johnson & Bowers, 

2010), which is an important consideration to avoid the ‘ecological fallacy’ (Robinson, 

1950). Thus, as Andresen and Malleson (2011) note, any inference made about crime 

patterns based on neighbourhood level census information should be called into 

question, thus highlighting the importance of analyzing crime patterns at more 

disaggregate spatial scales. 

2.4. Aim of the Study 

Building upon prior work that has investigated the spatial concentrations of crime 

in general, this study is the first to my knowledge that focuses entirely on sexual 

violence. Such an in-depth study is necessary to provide a better understanding of 

sexual assault spatial patterns, and their consistency (or lack thereof) over a longer time 

period, as well as to explore whether a place-based approach may provide a more 

fruitful avenue of prevention than do current offender-focused policies. In addition, this 

study pushes the crime and place literature forward by focusing on a specific type of 

crime; something that Weisburd et al. (2016) have noted has been hindered in the past 

because of low base rates in specific microgeographic areas. As such, the current study 

addresses three research questions: (1) do sexual assaults cluster in space? (2) to what 

degree do they cluster when tested using smaller spatial scales of analysis? And, (3) are 

the locations of the concentrations stable over time? 

2.5. Methodology 

2.5.1. Data 

Event Data  

The data used in the analyses are all founded2 calls-for-service from August 1, 

2002 to July 31, 2006 for a large city within British Columbia, Canada. These calls are 

obtained from the Police Information Retrieval System (PIRS), that is a police database 

                                                
2 Founded calls-for-service are those where the responding police officer(s) has substantiated the 
complaint through police investigation. 
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that was used by the RCMP during this time period that contains personal information on 

individuals who had been involved in any police contact, either as a complainant, victim, 

suspect, or a witness. The home locations of these individuals, information about the 

contact occurrence, and dates and times of the encounter are provided as well. All 

individual names have been de-identified from these police records, and data have been 

aggregated to non-identifiable levels before analysis. Specifically, the geographic data 

(i.e., XY coordinates) of where each sexual offence took place is of interest for this 

study. Using a series of Structured Query Language (SQL) database queries, the 

population of police calls-for-service within this pre-identified jurisdiction over this five-

year period was identified. From these police contacts, all records that involved at least 

one of the Uniform Crime Report codes for sexual assault level 1 (n = 1,951), sexual 

assault level 2 (n = 27), sexual assault level 3 (n = 22), and other sexual offences (n = 

180), as defined by the Criminal Code, that also had available XY coordinates, were 

selected (N = 2,180)3 and geocoded onto the boundary data. 

Boundary Data  

Using 2006 Canadian Census data that have been made available through 

Statistics Canada4, four spatial scales of analyses were tested in the current study: 

census tracts, dissemination areas, dissemination blocks, and street segments (and 

intersections). Defined by Statistics Canada, census tracts are small, relatively stable 

geographic areas that have a population ranging between 2,500 and 8,000 persons, with 

the average being 4,000 persons. Dissemination areas are smaller than census tracts, 

containing a residential population of approximately 400 to 700 persons, composed of 

one or more blocks – this census unit is similar in size to the census block group in the 

United States Census. The dissemination area is the smallest geographic area for which 

data are disseminated for all census variables. Dissemination blocks are areas bounded 

on all sides by roads and/or boundaries of standard geographic areas. The 

dissemination block is the smallest geographic area for which population and dwelling 

                                                
3 The total number of records that involved at least one of the Uniform Crime Report codes for 
sexual assault levels 1 through 3, as well as ‘other sexual offences’, within this large city between 
August 1, 2002 and July 31, 2006, is N = 2,260. However, 80 of these events were missing 
geographic coordinates and thus were removed from the dataset for this study. 
4 The 2006 Canadian Census boundary data are freely available to the public here: 
http://www12.statcan.gc.ca/census-recensement/2011/geo/bound-limit/bound-limit-eng.cfm  
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counts are disseminated. Lastly, street segments represent the portion of each street 

that falls between two intersections. Although the number of census tracts, 

dissemination areas, dissemination blocks, and street segments (and intersections) may 

change from year-to-year, the decision was made to use the 2006 boundaries for all five 

years of event data. The 2006 boundary data within this jurisdiction include 78 census 

tracts, 559 dissemination areas, 2,192 dissemination blocks, and 29,755 street 

segments (and intersections). 

2.5.2. Testing Methodology 

Spatial Concentration of Sexual Violence Calls-for-Service 

The spatial concentration of sexual violence calls-for-service was calculated for 

each year between 2002 and 2006 for the census tract, dissemination area, 

dissemination block, and street segment (and intersection) units of analysis. The need to 

calculate spatial concentrations at all scales of aggregation is important for 

demonstrating how concentrated this type of crime is (or not) with higher degrees of 

precision. Furthermore, to calculate these spatial concentrations for each year shows 

how these concentrations change (or not) over time. To perform such calculations, each 

call-for-service was geo-referenced to the census tract, dissemination area, 

dissemination block, and street segment (or intersection) to which it was geocoded. 

Using this information, the number of calls-for-service was counted per census tract, 

dissemination area, dissemination block, and street segment (or intersection) to make a 

number of calculations regarding spatial concentrations. Three measures of spatial 

clustering were examined, with each one measuring a finer degree of concentration: (a) 

the percentage of street segments that account for 50% of calls-for-service; (b) the 

percentage of street segments that have any calls-for-service; and, (c) the percentage of 

street segments with any calls that account for 50% of total calls-for-service. 

Spatial Point Pattern Test 

To determine whether sexual violence within this large city takes place in the 

same locations over time, Andresen’s (2009) spatial point pattern test was used with all 

four boundary area units of analysis. The spatial point pattern test is area-based and 

concerned with the similarity between two different spatial point patterns at the local 
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level. For instance, Andresen (2009) notes that it can be used to test the similarity 

between two different spatial point patterns of interest (e.g., sexual assault locations 

versus burglary locations) or the degree of similarity between the same event that is 

measured at two time points (e.g., locations of sexual violence in 2002 versus 2003). 

The objective of the spatial point pattern test is not to reject “null hypotheses of random, 

uniform, or clustered distributions” (Andresen, 2014b, p. 109), although Andresen 

(2014b) notes that it can “be used to compare a particular point pattern with these 

distributions” (p. 109), but to simply test whether two spatial point patterns are similar or 

not based on an index of similarity threshold, described in more detail below. 

The following steps for conducting the spatial point pattern test are adapted from 

Andresen (2009) and Andresen and Linning (2012). To compute the test, a base dataset 

was first chosen – although the choice of dataset to be the base was arbitrary – and a 

count of the number of points that fall within each area was performed. In the current 

study, the earliest year was chosen as the base dataset for all pairwise comparisons. 

For example, in comparing the sexual assault calls-for-service between 2002 and 2003, 

or 2004 and 2005, the datasets for 2002 and 2004 would be chosen as the base, 

respectively. The sexual assault calls in the latter year for each comparison were then 

chosen as the test dataset, whereby a random sample of 85 percent of the points, with 

replacement, was conducted. As with the previous step, a count of the number of points 

within each area using the sample was done, that is effectively a bootstrap created by 

sampling from the test dataset. This step was repeated 200 times. For each area in the 

test dataset, the percentage of crime that has occurred in the area was then calculated. 

These percentages were then ranked and used to generate a 95 percent nonparametric 

confidence interval by removing the top and bottom 2.5 percent of all counts (5 from the 

top and 5 from the bottom in this case). The minimum and maximum of the remaining 

percentages represent the confidence interval. It should be noted that the effect of the 

sampling procedure is to reduce the number of observations in the test dataset but, by 

using percentages rather than the absolute counts, comparisons between datasets can 

be made even if the total number of observations are different (which they all are, in this 

case). Finally, the percentage of points within each area for the base dataset was 

calculated and compared to the confidence interval generated from the test dataset. If 

the base percentage is contained within the confidence interval then the two datasets 

exhibit a similar proportion of points in the given area. Otherwise, they are significantly 
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different. As Andresen and Linning (2012) note, “the purpose of this spatial point pattern 

test is to create variability in one dataset so that it can be compared statistically to 

another dataset. The 85 percent samples generated each maintain the spatial pattern of 

the test dataset and allow for a ‘confidence interval’ to be created for each spatial unit 

that may be compared to the base dataset [—85 percent is based on research 

undertaken by Ratcliffe (2004)]. Therefore, statistically significant changes/ differences 

are identified at the local level” (p. 277).  

There are two types of output to this test. The first is a global parameter that 

ranges from 0 (no similarity) to 1 (perfect similarity), known as the index of similarity, S, 

and it is calculated as follows:  

𝑆 = ∑$%&
' ($
)

, 

“where 𝑆* is equal to one if two crimes are similar in spatial unit i and zero otherwise, and 

n is the total number of spatial units. As such, the S-Index represents the proportion of 

spatial units that have a similar spatial pattern within both datasets” (Andresen & 

Linning, 2012, p. 277). Following the work of previous studies (e.g., Andresen & Linning, 

2012; Andresen & Malleson, 2011), 0.80 was used as the cut-off value that indicates that 

two spatial point patterns are similar. The test also generates mappable output to show 

where statistically significant change occurs. In the current study, the mappable output is 

displayed for the dissemination area unit of analysis only to show the reader where two 

spatial point patterns are similar (or not) at the local level within the boundary area 

between 2002 and 2006, while also maintaining the confidentiality of the specific 

locations where the sexual assault events took place. Andresen and Linning (2012) note 

that this spatial point pattern test is not a local indicator of spatial association (LISA, see 

Anselin, 1995), but it is similar to LISA because the output may be mapped. The spatial 

point pattern test is freely available in a graphical user interface: 

https://github.com/nickmalleson/spatialtest. For more detailed information about this test, 

see Andresen (2009, 2016). 

Sensitivity Analysis 

It could be argued that the likelihood of sexual assaults taking place in any given 

location is not evenly distributed within the boundary area (i.e., these events may be 
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more likely to occur in residential land use areas than industrial or forested areas). 

Because the percentage of dissemination areas that have zero sexual assaults can be 

substantial, a higher S-Index may be produced from Andresen’s (2009) spatial point 

pattern test, indicating a greater degree of similarity between two spatial point patterns, 

simply due to the presence of all the zeros (i.e., dissemination areas where no sexual 

assaults were recorded) in the boundary area unit. Consequently, this greater degree of 

spatial consistency may not be present if only nonzero units of analysis are used. To test 

for this possibility, a sensitivity analysis of the findings from Andresen’s (2009) spatial 

point pattern test was conducted.  

2.6. Results 

2.6.1. Spatial Concentrations 

To address the first and second research questions, and following the work of 

previous scholars in the crime and place literature (Andresen, Curman et al., 2017; 

Andresen & Linning, 2012; Andresen, Linning et al., 2017; Andresen & Malleson, 2011; 

Curman et al., 2015; Melo et al., 2015; Pereira et al., 2017; Sherman et al., 1989; 

Weisburd et al., 2004), three measures of spatial clustering were calculated at varying 

spatial scales of aggregation for each year of sexual assault data. Table 2.1. reports the 

percentage of census tracts that accounted for 50% of calls-for-service for sexual 

assaults over this five-year period. Referring to Table 2.1., column a, findings suggest 

that a small percentage of census tracts within this city accounted for 50% of sexual 

assault calls-for-service in each of the five years examined in this study. The percentage 

of census tracts that accounted for 50% of the calls-for-service remained relatively stable 

from year-to-year as well (range = 16.67 – 19.23%). Referring to column b, the second 

measure, findings suggest that the vast majority of census tracts within this city 

experienced at least one call-for-service in relation to a sexual assault for each year 

between 2002 and 2006 (range = 83.33 – 89.74%). In other words, in 2002, 13 of 78 

census tracts within this city did not experience any reported sexual assault calls-for-

service. Similarly, of the 78 census tracts within the city during this time, only 9 (in 2003), 

12 (in 2004), 11 (in 2005), and 8 (in 2006), did not experience any reported sexual 

assault. These findings are unsurprising given the relatively few census tracts that cover 

large spatial areas within this city. Table 2.1., column c, demonstrates that of those 
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census tracts that experienced any sexual assault call, approximately 20% of them 

(range = 19.70 – 22.39) accounted for 50% of all sexual assault calls. 

Table 2.1. Percentage of census tracts accounting for 50% of calls-for-service 
for sexual assaults, 2002-2006. 

Year (a) Percent of spatial 
units that account for 
50% of calls 

(b) Percent of spatial 
units that have any 
calls 

(c) Percent of spatial 
units with calls that 
account for 50% of 
calls 

2002 16.67 83.33 20.00 
2003 17.95 88.46 20.29 
2004 16.67 84.62 19.70 
2005 19.23 85.90 22.39 
2006 19.23 89.74 21.43 

Table 2.2. reports the percentage of dissemination areas that accounted for 50% 

of calls-for-service for sexual assaults between 2002 and 2006. Similar to those results 

reported at the census tract level, Table 2.2., column a, shows that a small percentage 

of dissemination areas accounted for 50% of the sexual assaults that were reported to 

the police (range = 6.44 – 9.66%). Table 2.2., column b, shows that for all years, less 

than 50% of the dissemination areas experienced reports of any sexual assaults (range 

= 36.67 – 43.29%). Put another way, of the 559 dissemination areas within the city 

during this time period, 347 (in 2002), 339 (in 2003), 354 (in 2004), 332 (in 2005), and 

317 (in 2006) did not experience any reported sexual assault calls-for-service. Of those 

dissemination areas that did have sexual assault calls-for-service, Table 2.2., column c, 

reports that approximately 20% of them (range = 17.56 – 25.47%) accounted for 50% of 

all calls. 

Table 2.2. Percentage of dissemination areas accounting for 50% of calls-for-
service for sexual assaults, 2002-2006. 

Year 
(a) Percent of spatial 
units that account for 
50% of calls 

(b) Percent of spatial 
units that have any 
calls 

(c) Percent of spatial 
units with calls that 
account for 50% of 
calls 

2002 9.66 37.92 25.47 
2003 7.87 39.36 20.00 
2004 6.44 36.67 17.56 
2005 8.05 40.61 19.82 
2006 9.48 43.29 21.90 

Table 2.3. reports the percentage of dissemination blocks that accounted for 50% 

of calls-for-service for sexual assaults between 2002 and 2006. Referring to column a, 

very few dissemination blocks accounted for 50% of the calls-for-service involving sexual 
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assaults (range = 2.37 – 3.38%). Table 2.3., column b, also shows that very few 

dissemination blocks within the city contained any sexual assault call-for-service (range 

= 11.45 – 13.32%). In comparison to the percentages of dissemination areas that had 

any calls for sexual assaults during the time between 2002 and 2006, when the spatial 

scale of analysis is dissemination blocks, the percentages in Table 2.3., column b, 

clearly show that these crimes were more spatially concentrated. It is especially 

apparent when it is stated differently; of the 2,192 dissemination blocks in the city during 

this time, 1,928 (in 2002), 1,922 (in 2003), 1,941 (in 2004), 1,906 (in 2005), and 1,900 (in 

2006) did not have a single sexual assault call-for-service. Table 2.3., column c, reports 

that of the dissemination blocks that had any calls, approximately 25% of them 

accounted for 50% of all calls (range = 17.56 – 25.47%). 

Table 2.3. Percentage of dissemination blocks accounting for 50% of calls-for-
service for sexual assaults, 2002-2006. 

Year (a) Percent of spatial 
units that account for 
50% of calls 

(b) Percent of spatial 
units that have any 
calls 

(c) Percent of spatial 
units with calls that 
account for 50% of 
calls 

2002 3.15 12.04 26.14 
2003 2.87 12.32 23.33 
2004 2.37 11.45 20.72 
2005 3.01 13.05 23.08 
2006 3.38 13.32 25.34 

Table 2.4. displays the percentage of street segments (and intersections) – the 

smallest spatial scale of analysis – that accounted for 50% of calls-for-service for sexual 

assaults between 2002 and 2006 within this city. Table 2.4., column a, suggests that a 

small percentage of street segments and intersections accounted for 50% of sexual 

assault police contacts (range = .29 – .46%), indicating a very high degree of spatial 

concentration within this city. As shown in Table 2.4., column b, the second measure 

demonstrates an even higher degree of spatial clustering as only 1% of the total street 

segments and intersections had any calls-for-service for sexual assaults. In other words, 

almost 99% of street segments and intersections within this city (2002 = 29,442; 2003 = 

29,433; 2004 = 29,453; 2005 = 29,397; and, 2006 = 29,386) did not have a police 

contact involving a sexual assault. Lastly, Table 2.4., column c, displays the percentage 

of street segments (and intersections) with any sexual assault call that accounted for 

50% of calls. Findings indicate that of street segments (and intersections) that 

experienced any sexual assault, approximately one-third of them accounted for 50% of 
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calls (range = 28.81 – 37.13%). This indicates that there are further concentrations of 

sexual assaults within areas that already experienced concentrations of this crime type. 

Also noteworthy is that when interpreting the results of column c – the percentage of 

spatial units with calls that accounted for 50% of calls – at the street segment (and 

intersection) level (see Table 2.4.), it appears that sexual assaults were more dispersed 

within that concentration in comparison to those same results reported at the census 

tract, dissemination area, and dissemination block levels. 

Table 2.4. Percentage of street segments (and intersections) accounting for 
50% of calls-for-service for sexual assaults, 2002-2006. 

Year (a) Percent of spatial 
units that account for 
50% of calls 

(b) Percent of spatial 
units that have any 
calls 

(c) Percent of spatial 
units with calls that 
account for 50% of 
calls 

2002 .38 1.05 36.42 
2003 .38 1.08 35.40 
2004 .29 1.01 28.81 
2005 .41 1.20 34.36 
2006 .46 1.24 37.13 

2.6.2. Spatial Point Pattern Tests 

Because the findings for all three measures of spatial concentration reported in 

Tables 2.1. through 2.4. indicated that sexual assaults cluster in space, and that the 

degree of spatial concentration was relatively consistent from 2002 through 2006, the 

third research question asks whether these sexual assaults occurred in the same 

chronic locations from year-to-year? To answer this research question, Andresen’s 

(2009) spatial point pattern test was used to compare the spatial patterns of sexual 

assaults for all combinations of years between 2002 and 2006 using all four spatial 

scales of analysis. Recalling that the S-Index value of 0.80 indicates similarity between 

two point patterns, the findings displayed in Table 2.5. indicate that at the aggregate 

level, the spatial point patterns of sexual assaults were dissimilar over time. In other 

words, although sexual assaults were highly concentrated, the locations of these 

concentrations, or hot spots, differed from year-to-year (range = .308 – .474). 
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Table 2.5. Indices of similarity, census tracts, 2002-2006. 
 2003 2004 2005 2006 
2002 .462 .346 .308 .333 
2003  .474 .321 .436 
2004   .359 .385 
2005    .269 

In comparison to the indices of similarity for census tracts (Table 2.5.), the 

indices of similarity for dissemination areas (Table 2.6.) increased for all comparisons 

(range = .640 – .723). Although the magnitude of the values has increased when tested 

at this spatial scale of analysis, the overall finding remains the same: the locations of 

these concentrations, or hot spots, differed from year-to-year. The spatial point patterns 

of 2002 and 2005 were the most similar (S-Index = .723), but the value still does not 

approach the threshold of 0.80. The comparison of spatial point patterns between 2005 

and 2006 were the most dissimilar (S-Index = .640) among all of the comparisons. 

Table 2.6. Indices of similarity, dissemination areas, 2002-2006. 
 2003 2004 2005 2006 
2002 .667 .657 .723 .683 
2003  .676 .658 .680 
2004   .671 .665 
2005    .640 

Findings from Table 2.7. – the indices of similarity for dissemination blocks – 

allow for a much different conclusion to be drawn than what was found in the previous 

two analyses at the census tract and dissemination area scales. That is, that reported 

sexual assault events were actually occurring in the same dissemination blocks over this 

five-year period as all of the indices of similarity are now greater than the threshold of 

0.80 (range = .875 – .896). Although the magnitude of the S-Indices did not drastically 

increase from those presented for dissemination areas, the qualitative nature of the 

results has changed when the spatial point patterns are examined at a finer spatial unit 

of analysis. The spatial point patterns of 2004 and 2006 were the most similar (S-Index = 

.896), and the comparison of spatial point patterns between 2005 and 2006 were the 

most dissimilar (S-Index = .875). 
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Table 2.7. Indices of similarity, dissemination blocks, 2002-2006. 
 2003 2004 2005 2006 
2002 .892 .890 .891 .885 
2003  .890 .885 .891 
2004   .893 .896 
2005    .875 

Table 2.8. displays the indices of similarity for all comparisons made between 

2002 and 2006 at the most disaggregate spatial scale – the street segment (and 

intersection). Similar to the results displayed in Table 2.7., the indices of similarity in 

Table 2.8. (range = .989 – .991) suggest that the reported sexual assaults from 2002 to 

2006 occurred on approximately the same street segments (and intersections) over this 

period (recalling that an S-Index of 1.00 indicates perfect similarity). In other words, 

approximately ninety percent of the street segments within this city had the same 

percentage of sexual assaults from year-to-year. Given the previous finding that sexual 

offences are incredibly concentrated among the street segments (and intersections) in 

this city (see Table 2.4.), it is most likely that zero sexual assaults took place on the 

majority of streets, hence the great degree of similarity among the spatial point patterns 

observed here. 

Table 2.8. Indices of similarity, street segments (and intersections), 2002-2006. 
 2003 2004 2005 2006 
2002 .990 .990 .990 .991 
2003  .990 .990 .990 
2004   .991 .991 
2005    .989 

Figures 2.1. through 2.4. display the mappable output for the pairwise 

comparisons of spatial point patterns made between sequential years at the 

dissemination area level. These Figures display the individual dissemination areas that 

when compared with the previous year, experienced no change, or significant change, in 

the spatial point pattern of sexual assault calls. It should be clear from Figures 2.1. 

through 2.4. that most dissemination areas within the city experienced no significant 

change. That is not to say that no sexual assault calls-for-service were reported in these 

areas, but that the patterning of where the calls took place (if any) did not change over 

time. It is also apparent that there were a substantial number of dissemination areas that 

did experience either increases (shown in black) or decreases (shown in grey) in the 

number of sexual assault calls-for-service. Most important is that these dissemination 



28 

areas with increases or decreases in sexual violence were visually changing from year-

to-year. 
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Figure 2.1. Comparison of the spatial point patterns of sexual assault calls-for-

service, dissemination areas, 2002-2003. 
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Figure 2.2. Comparison of the spatial point patterns of sexual assault calls-for-
service, dissemination areas, 2003-2004. 
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Figure 2.3. Comparison of the spatial point patterns of sexual assault calls-for-
service, dissemination areas, 2004-2005. 
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Figure 2.4. Comparison of the spatial point patterns of sexual assault calls-for-
service, dissemination areas, 2005-2006. 
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Because the visual output from the spatial point pattern test only signifies where 

statistically significant change in spatial point patterns occurred, and not where the most 

problematic dissemination areas were for sexual violence, a descriptive analysis of the 

raw counts of calls-for-service within each dissemination area was performed and the 

results are displayed for each year in Figures 2.5. through 2.9. Immediately apparent is 

that many of the dissemination areas, for all years of data, had zero counts of reported 

sexual assault calls-for-service. Few dissemination areas had moderate to high counts, 

and interestingly, those dissemination areas shifted over time, except for one 

dissemination area in the Midwestern part of the city that experienced consistently high 

counts of calls throughout the study period.  
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Figure 2.5. Counts of sexual assault calls-for-service, dissemination areas, 
2002. 
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Figure 2.6. Counts of sexual assault calls-for-service, dissemination areas, 
2003. 
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Figure 2.7. Counts of sexual assault calls-for-service, dissemination areas, 
2004. 
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Figure 2.8. Counts of sexual assault calls-for-service, dissemination areas, 
2005. 
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Figure 2.9. Counts of sexual assault calls-for-service, dissemination areas, 
2006. 
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2.6.3. Sensitivity Analyses 

Because earlier findings suggested that the majority of the city was free of sexual 

crime in each year between 2002 and 2006, a series of sensitivity analyses were also 

conducted at all four spatial scales of analysis using only those units that had at least 

one reported sexual assault in each year. For these analyses, the percentage of spatial 

units that were retained for each pairwise comparison is also reported within 

parentheses. Immediately apparent is that the majority of census tracts (range = 91.03% 

– 98.72%) as well as dissemination areas (range = 55.28% – 61.18%) were retained for 

the sensitivity analyses. As smaller spatial units of analyses were analyzed, that is 

dissemination blocks (range = 19.57% – 21.76%) and street segments (and 

intersections) (range = 1.92% – 2.22%), a drastic decrease in the percentage of spatial 

units that were retained is observed. This is a clear indication that there were many 

dissemination blocks and, in fact, street segments (and intersections), that did not have 

any reported sexual assault call-for-service, thus inflating the indices of similarity at 

smaller spatial scales of analyses as observed in Tables 2.7. and 2.8. 

Evident from the indices of similarity for nonzero census tracts displayed in Table 

2.9. is that there is no substantial change in the overall qualitative nature of the findings 

nor the magnitude of the S-Index values (range = .240 – .440) as compared to those 

displayed in Table 2.5. This finding is unsurprising given that this analysis was 

conducted at the most aggregate spatial scale and, thus, it is less sensitive to the 

exclusion of those census tracts that experienced zero calls-for-service. Noteworthy is 

that now the most similar spatial point patterns were between the years 2002 and 2003 

(S-Index = .440), which varies from the spatial point pattern results shown above, but the 

most dissimilar were still between the years 2005 and 2006 (S-Index = .240). 

Table 2.9. Indices of similarity, Nonzero census tracts, 2002-2006. 
 2003 2004 2005 2006 
2002 .440 (96.15) .301 (93.59) .270 (94.87) .278 (92.31) 
2003  .423 (91.03) .274 (93.59) .429 (98.72) 
2004   .315 (93.59) .368 (97.44) 
2005    .240 (96.15) 

Note: Percentage of census tracts retained for each combination of years is included within parentheses. 

Tables 2.10. through 2.12. display the indices of similarity for the spatial point 

pattern tests of nonzero dissemination areas (range = .379 – .519), dissemination blocks 



40 

(range = .426 – .498), and street segments (and intersections) (range = .477 – .568). 

Immediately apparent is that the indices of similarity at all three spatial scales have 

substantially decreased in comparison to those displayed above (see Tables 2.6. 

through 2.8.) that included all of the zeros. This decrease is most pronounced for the 

street segment (and intersection) sensitivity analysis, because only approximately two 

percent of all of the street segments were ever retained for any pairwise comparison. 

Overall, the sensitivity analyses point to one conclusion: the spatial point patterns of 

sexual assault differed from year-to-year, and this difference was most pronounced 

when examined at the street segment (and intersection) level. 

Table 2.10. Indices of similarity, Nonzero dissemination areas, 2002-2006. 
 2003 2004 2005 2006 
2002 .415 (56.89) .379 (55.28) .519 (57.60) .465 (55.46) 
2003  .416 (55.46) .409 (57.78) .458 (59.03) 
2004   .420 (56.71) .445 (60.29) 
2005    .412 (61.18) 

Note: Percentage of dissemination areas retained for each combination of years is included within parentheses. 

Table 2.11. Indices of similarity, Nonzero dissemination blocks, 2002-2006. 
 2003 2004 2005 2006 
2002 .469 (20.35) .437 (19.62) .475 (20.76) .447 (20.80) 
2003  .436 (19.57) .453 (21.03) .474 (20.71) 
2004   .463 (19.89) .498 (20.71) 
2005    .426 (21.76) 

Note: Percentage of dissemination blocks retained for each combination of years is included within parentheses. 

Table 2.12. Indices of similarity, Nonzero street segments, 2002-2006. 
 2003 2004 2005 2006 
2002 .484 (1.94) .477 (1.92) .519 (2.08) .568 (2.09) 
2003  .479 (1.92) .523 (2.10) .531 (2.13) 
2004   .556 (2.03) .568 (2.08) 
2005    .505 (2.22) 

Note: Percentage of street segments (and intersections) retained for each combination of years is included within 
parentheses. 

2.7. Discussion 

The current study borrowed a methodological approach and conceptual 

framework from the crime and place literature to see if this lens could be a stepping 

stone towards a greater understanding of the spatial nature of sexual violence and its 

patterning over time. Overall, in addressing the first research question, the findings of 
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this study were consistent with the law of crime concentration at places (Weisburd et al., 

2012, 2014). Indeed, it was found that very few places – approximately one percent of 

street segments (and intersections) – were responsible for the majority of the sexual 

assaults that were reported to the police during this five-year study period, similar to 

what has been found by previous researchers (see Andresen & Linning, 2012; Andresen 

& Malleson, 2011; Sherman et al., 1989). It is interesting to note that notwithstanding the 

different contexts in which the current and previous studies were conducted, similar 

percentages of sexual violence concentrations were found. For instance, Sherman et al. 

(1989) found that rape/ criminal sexual conduct concentrated in only 1.2 percent of street 

addresses and intersections in Minneapolis, while Andresen and colleagues (2011, 

2012) found that 4.50, 3.57, and 2.99 percent of street segments in Vancouver, Canada 

accounted for all of the sexual assaults reported to the police in 1991, 1996, and 2001, 

respectively. However, the definition of ‘places’ used in this study – whether it was 

census tracts, dissemination areas, dissemination blocks, or street segments (and 

intersections) – did impact the degree to which the spatial clustering of sexual assaults 

was apparent. 

In addressing research question two, it was found that there are few census 

tracts, but many dissemination areas, dissemination blocks, and street segments (and 

intersections) that did not experience any reported sexual assault calls-for-service over 

the five-year period. Sherman et al.’s (1989) conclusion that there are ‘safe’ places in 

‘bad areas’ equally applies to the current findings, but this information would not be 

apparent unless smaller spatial scales were considered. This just provides further 

evidence that researchers, practitioners, and law enforcement officials are at great risk 

of Robinson’s (1950) ecological fallacy if they analyze patterns of sexual violence at the 

aggregate level when trying to formulate initiatives to react to, and prevent, crime. 

Although there is clear evidence of spatial concentration, it is important to be critical and 

recognize what Sherman et al. (1989) noted as well, in that the incredible degree of 

concentration found here may be due, in part, to the relative rarity of crime in general, 

and (reported) sexual violence in particular. It has been well documented elsewhere 

(see, for example, Koss, 1993) that sexual violence is a largely unreported crime for a 

variety of reasons, including that the victim considered it too minor to be worth reporting 

or feeling that the police would not have considered the incident important enough, lack 

of evidence, skepticism towards the victim, and/or his/her lack of recall of the event 
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(Perreault, 2015; Sable, Danis, Mauzy, & Gallagher, 2006). Thus, it could be that the 

degree of spatial concentration of these events may not be as high if the locations of 

both reported and unreported sexual assaults were analyzed. With this in mind, it is 

important to remind the reader that the current study used call-for-service data, rather 

than the locations of only those events that had been processed through the criminal 

justice system, the latter of which would arguably be more impacted by the crime funnel 

problem. Thus, the current findings provide a suitable scope of the spatial concentrations 

of this type of crime second to using victimization data.  

Based on these findings of spatial clustering alone it is clear that there is an 

underlying mechanism that is making it possible for sexual assaults to successfully occur 

in these street segments (and intersections). While it is outside of the scope of the 

current study to determine the nature of these sexual assault places, findings from 

previous research may provide insight into the spatial patterning of sexual violence 

found here because some of these locations will likely share similar characteristics. For 

example, previous researchers have found that rape tends to occur in construction 

areas, places characterized by urban renewal, fields, streets, paths, parks and 

temporary lodgings (see, for example, Belknap, 1987; Deslauriers-Varin & Beauregard, 

2014a; Leclerc et al., 2010b). More specifically, Ceccato (2014) investigated the 

distribution and characteristics of the urban landscape in which outdoor rapes occurred 

in Stockholm, Sweden, and found that rapes are concentrated in the inner-city areas, but 

take on a different spatial distribution in the periphery of the city. In inner city areas, rape 

tends to occur in secluded inner courts between buildings, walkways, hilly areas where 

visibility from the street is difficult (e.g., stairs), ditches, tunnels that link to public 

transportation, and small parks (including cemeteries) (Ceccato, 2014). Typical locations 

in the periphery of the city include forested areas, interstitial spaces between roads and 

buildings, and paths or streets with poor surveillance that are close to transport nodes 

(Ceccato, 2014). This is important to discuss because many of these locations are 

places in which ample opportunities may exist for offenders to find suitable victims in the 

absence of capable guardians (see Cohen & Felson, 1979), which make them attractive 

places for sexual violence, particularly in outdoor settings with stranger victims. Ceccato 

(2014) discusses how this highlights the importance of the design of the built 

environment, and how it can hamper or facilitate opportunities for surveillance, and thus, 

crime (see Jacobs, 1961). However, it can also be argued that Cohen and Felson’s 



43 

(1979) routine activity theory equally explains indoor sexual assaults committed against 

acquaintance victims as there simply needs to be the convergence of these three 

factors. Interestingly, with the exception of parks, many of these characteristics of rape 

places do not overlap with those risky places often cited in current sex offender 

legislation such as residence restrictions or GPS monitoring. More research investigating 

the nature of sexual assault places against children specifically would surely be valuable 

here.  

It would seem, then, that targeting these high-risk street segments (and 

intersections), rather than individual people, would eliminate much of the sexual assault 

problem within this city. But before such an initiative can be recommended, it was first 

necessary to address the third research question of whether these hot spots are 

consistent over longer periods of time. It was found that there is instability in the spatial 

point patterns of sexual assault within this city from year-to-year. While most street 

segments (and intersections) did not have any reported sexual violence for each year 

between 2002 and 2006, there were others that had significant increases or decreases. 

There are plausible reasons for why this may be the case. First, as has been 

hypothesized in previous studies testing the consistency of spatial distributions of 

predatory crime over time (e.g., Andresen & Malleson, 2011), the structure of the city 

that is being studied must be carefully examined (see Schmid 1960a,b) as changes in 

city planning may have created new opportunities for sexual violence in areas that 

previously would not have been feasible, while diminishing others. For example, the re-

zoning of certain neighbourhoods, the creation of parks, the implementation of new 

transit lines, or the sudden presence of illegal activity operating on a particular street 

segment or intersection (e.g., prostitution), will change where individuals spend their 

time as well as the routes that they take to get there (see Brantingham & Brantingham, 

1981, 1993) and, thus, the spatial patterning of new crime opportunities. Second, the 

spatial inconsistency reported here could be due simply to the nature of sexual violence 

and the many victims it affects. Canadian responses from the General Social Survey on 

victimization, particularly during the study period, indicated that in 2004 there were 1,977 

incidents of sexual assault per 100,000 population aged 15 and older5, and only one in 

ten reported his/her victimization to the police (Brennan & Taylor-Butts, 2008). 

                                                
5 The General Social Survey only surveys individuals aged 15 and older, and, therefore, it cannot 
provide information on child victims (Brennan & Taylor-Butts, 2008). 
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Therefore, the differences in spatial point patterns could be due, in part, to new victims 

coming forward to the police where the sexual assaults took place in various parts of the 

city. Interestingly, the findings of the spatial point pattern test also revealed that the 

indices of similarity were relatively consistent between all yearly pair-wise comparisons 

within each spatial scale, demonstrating that the same conclusion would have been 

made regardless of if consecutive years of sexual assault data were tested (e.g., 2002 to 

2003) or if it were done in five-year increments (e.g., 2002 to 2006) such as what had 

been done previously (see Andresen & Linning, 2012; Andresen & Malleson, 2011). 

2.8. Conclusion 

The findings from this study have important implications for both situational crime 

prevention strategies as well as current sex offender policies. While the importance of 

place in creating criminal opportunities has been well theorized, it is considered a 

mechanism through which criminal opportunities may be eradicated as well. Clarke and 

Cornish (1985) noted that certain situations have different choice-structuring properties, 

and because of this, certain places should experience particular types of events simply 

because the features of those places make it easier for offenders to engage in offence-

specific behaviours (Sherman, 1995). It would follow, then, that the features of these 

places – the street segment (and intersection) – should be changed to make it more 

difficult for offenders to commit their crimes in these microplaces using situational crime 

prevention techniques. This, however, does not seem to be the most viable option for 

sexual violence given its spatial inconsistency over time. Because the microplaces in 

which sexual assaults occur change from year-to-year, it may not be a worthwhile 

investment to devote extra resources to changing the physical structure of these 

environments, such as increasing guardianship through video surveillance or lighting, 

when they are more likely than not to shift to new areas shortly thereafter. Instead, it 

may be more worthwhile to have the police focus their attention on known (even if just 

for a short time), or emerging, hot spots for sexual violence in what is known as hot 

spots policing, as the literature in this area has shown its effectiveness in preventing and 

curbing crime and disorder in problem areas (see, for example, Braga, 2001; Braga, 

Papachristos, & Hureau, 2014). However, for the majority of sexual assaults that take 

place between acquaintances in private areas, crime and place researchers have 

emphasized the important role that place managers, or ‘third-party policing,’ such as 
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parents or apartment managers, may have in reducing offending opportunities. Perhaps 

through the identification of high-risk areas for sexual violence, and an analysis of the 

conditions in those places that facilitate the opportunities present therein, place 

managers can be held more accountable and decisions can be made to alter the 

regulatory practices of these microplaces to deter current and would-be offenders. This 

information might then be used to identify future high-risk areas and alterations to those 

microplaces can then be made to deter future offending. 

In terms of current sex offender policies such as residence restrictions and GPS 

monitoring, the findings of this study further emphasize that subjecting all released sex 

offenders to blanket approaches such as these may not be fruitful in reducing the 

prevalence of sexual violence. Instead, it may be best to consider the risk level of the 

offender and the context of the place in which he/she is being released and how that 

may influence opportunities for sexual crime. For example, is the offender going to be 

residing on, or near, street segments that have been identified as hot spots for sexual 

violence? Perhaps it is best to not restrict released sex offenders from types of places 

thought to be risk factors, but from certain streets that are known to foster this type of 

crime. 

Of course, this study is not without limitations. Perhaps the most obvious is the 

nature of the data in that only those sexual assaults that have come to the attention of 

the police are included in the dataset. As many sexual violence incidents go unreported 

to the police for various reasons, it is likely that the current dataset only captures a 

percentage of the events – and their associated locations – that occurred from 2002 to 

2006 within this city, but it could be argued that this is true of any criminological 

research. Although it is likely that only a fraction of the events that occurred are 

represented here, all of these incidents have been investigated and substantiated by 

front-line officers, thus increasing the validity and reliability of the data in the face of 

methodological threats such as fabrication. Another limitation is that there is an 

assumption of independence within the dataset in that each call-for-service is considered 

to be independent of all of the others. This, of course, may not be true given the nature 

of sexual violence – especially events involving child victims – in that it is often 

perpetrated by an acquaintance of the victim and may occur repeatedly over time (see 

Lussier, Bouchard, & Beauregard, 2011). However, given the theoretical framework 

used by the current study in that the unit of analysis is the places in which this type of 
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crime occurs and not necessarily the people involved, this precluded the need to test for 

the presence of clustering in the data.  

This exploratory study is just the first step towards a greater understanding of the 

location choices made by sexual offenders to commit their crimes. Before we can 

understand why they target certain locations, we must know where they occur and the 

nature of their patterning. With this in mind, there are many future avenues of research 

within this area. Because the current findings demonstrated that sexual assault incidents 

experience considerable spatial concentration, it would be beneficial for future 

researchers to engage in more qualitative analyses – particularly social observations 

(i.e., a visual inspection of the site and the occupants or objects within it; Sherman & 

Weisburd, 1995) – of these locations to gain insight into why this crime type might be 

clustering in these microplaces. This information would surely be beneficial for both 

pragmatic and theoretical reasons. First, this information would be useful for proactive 

policing strategies in local contexts to recognize those places within their communities 

that might be the most susceptible to this type of crime, and thus implement prevention 

strategies in these locations. From a theoretical perspective, the identification of possible 

risk factors for sexual crimes, such as the presence of bus stops, community pools, or 

playgrounds, is surely needed since current sex offender policies are based on these 

assumptions and thus far they have only been subjected to limited empirical testing. 

Using both a deductive and inductive approach to these observations would allow one to 

verify the presence and absence of known or theoretical risk factors for sexual assaults 

while also permitting new ones to emerge that had not been previously considered. 

Future replication of these findings is also needed within varying contexts. For example, 

it would be of interest to repeat this research design in rural and remote centres to see 

how the findings would compare. Because the social and physical environment differs in 

each of these locations, this may impact sexual offenders’ spatial decision-making and 

thus their crime site locations. Findings from these results would have important 

implications specific to each of these contexts. 
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Chapter 3.  
 
Identifying the Nature of Risky Places for Sexual 
Violence: The Applicability of Crime Pattern and 
Social Disorganization Theories 

3.1. Abstract 

Previous research has shown that crime, in general, and especially sexual 

violence, is spatially concentrated. Yet, few researchers have studied why such spatial 

concentration exists in particular places. The aim of this study, then, is to investigate the 

characteristics of those places that experienced high counts of sexual violence identified 

in the previous chapter within a large city in British Columbia between August 1, 2002 

and July 31, 2006 (N = 2,180). These data were retrieved from PIRS – a police database 

that was used by the RCMP during the study period. Using negative binomial regression, 

the current study draws from the crime pattern and social disorganization theoretical 

frameworks to test whether socio-demographic factors, ecological variables, 

environmental land use, and specific sexual crime attractors, predict dissemination areas 

with high counts of sexual violence. Findings indicate that both theories can be used to 

explain the spatial distribution of sexual violence within this city as certain socio-

demographic and ecological factors, as well as the presence of particular sexual crime 

attractors, characterize sexually violent neighbourhoods. Implications for prevention are 

discussed. 

Keywords:  sexual violence; criminogenic environment; crime pattern theory; social 

disorganization; negative binomial. 

3.2. Introduction 

One of the major findings emerging from the field of environmental criminology 

more generally, and the crime and place literature specifically, is that crime is spatially 

concentrated. Indeed, this finding was replicated in the previous chapter of this thesis 

where it was found that sexual violence concentrates in very few places, and that the 

relative degree of concentration remains stable over time. Although an interesting finding 
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on its own, the next natural question to emerge within the context of this thesis, but in 

the crime and place literature more generally, is: why? Why is there such concentration 

of different crime types in very few spatial areas? For property crime, the answer to this 

question appears straightforward. Residential or commercial burglary, for example, can 

only occur in places where these types of property are located, and these locations will 

not change because these targets are immobile. However, for interpersonal crime, such 

as sexual violence, the answer may be more complex, not only because sexual 

offenders need to search for ‘suitable’ victims (Brantingham & Brantingham, 1978) who 

are mobile within their environments, but they also need to find ‘suitable’ locations to 

commit the crime that will increase their chances of success while minimizing their risks 

of apprehension (Leclerc et al., 2010b). It is perhaps because of some of these 

complexities that few researchers have investigated the nature of sexual assault places. 

However, as noted by Ceccato (2014), this information can be useful not only for better 

understanding how the environment interacts with the offender’s propensity to perpetrate 

acts of sexual violence, but to also better inform potential victims of those places where 

they may be at a higher risk of sexual victimization. It is also argued here that such an 

analysis provides an opportunity to empirically test whether or not those places typically 

cited in sex offender legislation and treatment programs as being high-risk are actually 

implicated in high sexual crime areas. Undoubtedly, this information would not only be 

useful at a policy level, but it would also aid in prevention efforts. It is the objective of this 

study, then, to investigate the characteristics of those sexual crime hot spot areas 

identified in chapter two of this thesis. 

3.3. Literature Review 

3.3.1. Theoretical Background 

The idea that the environment is implicated in the commission of crime dates 

back almost two hundred years (Guerry, 1833; Quételet, 1842). What was largely 

acknowledged in this work was that human behaviour does not occur in a vacuum but in 

an actual physical location and, thus, this aspect must be factored into any analysis of 

criminal activity (Andresen, 2006a, 2006b, 2014a). In keeping with this, routine activity 

theory and social disorganization theory have traditionally been used as the theoretical 

backcloth to explain the spatial variation of crime (Andresen, 2011).  
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The former theory was first proposed by Cohen and Felson (1979) as a means of 

understanding how structural changes in society affect crime rates over time. At the time 

of their writing, Cohen and Felson (1979) theorized that societal changes such as 

increases in college attendance, participation of married women in the labour force, and 

the number of single-person households, changed the rates of criminal victimization. It 

was argued that routine activity patterns of people (e.g., work, school, and leisure 

activities) create or reduce opportunities for the convergence of motivated offenders, 

suitable victims, and capable guardians in both time and space. Thus, Cohen and 

Felson (1979) hypothesized that “the dispersion of activities away from households and 

families increases the opportunity for crime and thus generates high crime rates” (p. 

588). Therefore, and as also noted by Andresen (2006a), the composition of the 

population in certain neighbourhoods and their socio-economic status may influence the 

degree to which people leave their home and, thus, the crime rate in these areas. For 

example, an impoverished neighbourhood comprised of very young (i.e., children) or 

elderly individuals may not see many people leaving the home, thus guardianship would 

be much higher in these places resulting in lower crime rates. Although some have 

suggested that routine activity theory has largely been glossed over as an explanatory 

framework for sexual violence because of its focus on explaining crime rates at the 

macro level (see Schwartz & Pitts, 1995), there is a growing body of literature that 

actually demonstrates its utility with this crime type (see, for example, Deslauriers-Varin 

& Beauregard, 2010; Hewitt & Beauregard, 2017). Although routine activity theory 

explains how motivated offenders and suitable victims come into contact with one 

another, it does not necessarily explain the why or the where. To address these 

limitations, crime pattern theory – a meta-theory that encompasses the routine activity, 

rational choice, and geometry of crime perspectives – is used in the current study. In 

doing so, it provides a more useful framework for explaining the spatial variation of 

sexual violence at the micro-level than just the routine activity perspective alone.  

As a component of crime pattern theory, the rational choice perspective 

presumes that rationality underscores human action in both criminal and non-criminal 

contexts (Cornish, 1993). This rationality is considered ‘bounded’ in some respects as it 

is often constrained by limits of time, ability, and the availability of relevant information 

(Cornish & Clarke, 1986). In general, offenders, whether consciously or not, will weigh 

the potential rewards versus costs of engaging in deviant behaviour and, thus, 
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discriminate between choices that maximize their potential rewards while minimizing 

their level of risk (Cornish & Clarke, 1986). As the potential costs and rewards differ 

between offence types and across situations, rational choice theorists argue that the 

decision-making processes that offenders engage in will also vary. Because of this, 

Cornish and Clarke (1986) argue that rational choice theory should be applied to 

individual crime events, rather than individual offenders, to better understand offender 

decision-making. Underlying the main concepts of rational choice theory is the 

importance of the situation – environmental or otherwise – surrounding criminal events, 

and its consequent choice-structuring properties (Rossmo, 2000). An example of how 

the rational choice perspective plays a role in the spatial distribution of sexual crimes is 

the crime site selection model proposed by Brantingham and Brantingham (1978). This 

model describes motivated offenders and their spatial decision-making who seek to find 

victims positioned in time and space. According to the Brantinghams, the environment in 

any given location sends signals to the offender about its characteristics, including who 

occupies the space, and these cues are then used by the offender to search for and 

locate potential victims (Brantingham & Brantingham, 1978). Over time there is a 

learning mechanism that takes place whereby the offender becomes better at 

interpreting the signals that are indicative of ‘good’ victims. These signals, then, 

compose a template that the offender uses to compare all future potential victims, and 

they are interpreted as being ‘good’ victims (or not) depending on how well they meet 

the offender’s victim-search criteria. Because the offender consistently uses this 

template as his criminal career progresses, it becomes relatively fixed and is constantly 

reinforced (Brantingham & Brantingham, 1978). Thus, in the context of their routine 

activities, offenders will purposefully travel to locations in their environment where they 

know they will find ‘good’ victims that will enable them to maximize the rewards of their 

behaviour while minimizing the associated risks. The crime site selection model has 

been empirically validated particularly with serial sex offenders who are known to return 

to the same geographic location to search for subsequent victims (e.g., Deslauriers-

Varin & Beauregard, 2014a; LeBeau, 1985). The question then becomes: where exactly 

are these offenders traveling to find these suitable victims? 

As with the routine activity perspective, the geometric theory of crime is not so 

concerned with why offenders engage in deviant activity, but rather where crime occurs 

given the opportunities available to them within their everyday environments (Andresen, 
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2010). Once these opportunities become salient to the offender, he then makes rational 

decisions about how to choose a suitable victim or target, and where the crime is to take 

place (Rossmo, 2000). Underscoring this theory is the crucial role that the environment 

plays in determining where individuals travel, the pathways that they use to get there, 

and how this directly impacts the spatial distribution of crime events. Furthermore, 

individuals are also restricted by where and how they can travel by the time of day, or 

day of the week. Because of these restrictions, individuals often make choices about 

their geographical behaviour that leads to an ever-changing environment, in what is 

commonly referred to by environmental criminologists as the environmental backcloth. 

The environmental backcloth (Brantingham & Brantingham, 1993) is a label that 

refers to the different elements in one’s environment that can either influence, or be 

influenced by, his/her criminal behaviour. More specifically, individuals learn from their 

environments what can be found where, and at what time, and they integrate that 

knowledge in their criminal decision-making processes (Brantingham & Brantingham, 

1993). In the case of a sexual offender, for example, who consistently notices young 

children congregating in his neighbourhood park after school, he will likely remember 

this as being a ‘good’ site to hunt for ‘good’ victims in the future, as he already knows 

that they can be found here. This backcloth is comprised of social, cultural, legal, spatial, 

and temporal elements, and specifically includes both the physical (e.g., buildings, 

roads, and transit systems) and social infrastructure (e.g., those who occupy these 

buildings, roads, and transit systems) of the environment (Brantingham & Brantingham, 

1993).  

In keeping with the above example, the sexual offender may notice that young 

children congregate in this park on weekdays after school, but rowdy teenagers use this 

space as a hangout at night and on weekends. In this sense, the physical infrastructure 

of the park did not change, but those who occupy this space differ depending on the time 

of day and day of the week. It is important to note that an individual, or groups of 

individuals, may see and interpret the environmental backcloth differently from one 

another, and that they themselves alter the backcloth once they enter into the 

environment (Brantingham & Brantingham, 1993). A lone adult sex offender who enters 

a park full of young children will likely draw attention from others, in comparison to that 

same offender entering an environment, such as a busy shopping center, where he 

easily blends into the crowd. In this sense, Brantingham and Brantingham (1993) note 
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that individuals who are motivated to commit specific types of crime will search within 

their environments for ideal places (i.e., places where they will not immediately send-off 

warning cues to others) that contain ideal victims. To better understand how offenders 

search for these places, an examination of the geographical concepts of nodes, 

pathways, districts, and edges is needed.  

As noted by routine activity theorists, offenders gain access to criminal 

opportunities because they “feed upon legal [routine] activities and carve their illegal 

niches” (Felson, 1994b, p. 255). These routine activities take place in specific locations, 

known as activity nodes in environmental criminology, and may include the office 

building that one works at, or the house in which one lives. Individuals travel to and from 

activity nodes via pathways, which include infrastructure such as roadways, sidewalks, 

and public transit lines, to name a few. Districts are spatial areas within a larger city that 

share common features, but these characteristics must be sufficiently different from 

those of other districts so that each one can be distinguished. Finally, edges are spaces 

that exist on the boundaries between districts (Andresen, 2010), and they too can be 

physical (e.g., the road that separates the shopping area from residential homes) or 

social in nature (e.g., the change in the types of individuals – drug addicts to business 

people – who occupy one area versus another). Because individuals spend the majority 

of their time engaging in their routine activities at particular nodes, and traveling between 

them via pathways, they compose what Brantingham and Brantingham (1981) refer to as 

an ‘action space’. The more time that individuals spend engaging in criminal and non-

criminal activities within their action space, the more information they start to collect 

about the activities that take place at individual nodes, the areas surrounding them, as 

well as the individuals who occupy them. This knowledge, then, forms their ‘awareness 

space,’ and it is within this space that individuals are likely to be victimized, or 

conversely, hunt for victims (Brantingham & Brantingham, 1981). However, Brantingham 

and Brantingham (1981) argue that the awareness space of offenders varies somewhat 

from non-offenders in that they actively seek out potential victims, thereby increasing 

their familiarity with places that stretch beyond their action space as they may travel 

further, even to the edges of districts, to find them. It is by drawing upon the geometric 

theory of crime, especially the concept of awareness space, that one can understand 

where offenders are likely to search for and encounter their victims.  
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As Andresen (2010) notes, it is through the geometric theory of crime that the 

distribution of crimes and, more specifically, certain types of crimes, can be better 

understood. In theory, assaults, and specifically sexual assaults, are the most likely to 

take place at activity nodes and along pathways where there is a high convergence of 

potential offenders and victims. This idea has translated into current policy affecting 

convicted sexual offenders in the form of residence restrictions and other forms of spatial 

monitoring legislation where these individuals are forbidden from coming within a certain 

distance of activity nodes where children are thought to congregate such as schools, 

parks, playgrounds, daycare centres, and school bus stops. There are, however, three 

problems with this approach: (1) as noted in the previous chapter of this thesis, empirical 

studies that have tested this notion have found that sexual recidivists do not commit their 

offences in the locations targeted by this legislation (e.g., Minnesota Department of 

Corrections, 2007; Tennessee Board of Probation and Parole, 2007; Tewksbury & 

Levenson, 2007; Turner & Jannetta, 2007); (2) this legislation is targeted at child 

molesters, and thus may not apply to crossover offenders or rapists who offend against 

adult victims who may congregate at activity nodes that differ from those cited above; 

and, (3) underscoring this legislation is the presumption that sexual crimes occur 

primarily between strangers when in fact the opposite is true, and thus, activity nodes 

such as the offender’s, or victim’s, home may be the primary sites in the majority of 

cases. For these reasons, drawing upon crime pattern theory to explain the spatial 

distribution of sexual violence at the micro-level may only be telling the partial story. 

Thus, the macro ecological theory of crime – social disorganization theory – that 

proposes that community characteristics have a role to play in the distribution of criminal 

events, may aid in this understanding. 

Social disorganization theory largely emerged from the work of Shaw et al. 

(1929) and Shaw and McKay (1942) who examined the relationship between juvenile 

delinquency and the characteristics of neighbourhoods. In Shaw and McKay’s (1942) 

original work, they were particularly interested in how economic status, ethnic 

heterogeneity, and residential mobility affected social disorganization among different 

communities (Kornhauser, 1978) and, by extension, juvenile delinquency in those areas. 

The working hypothesis was that poor economic conditions within neighbourhoods 

would inevitably lead to population turnover (i.e., residential mobility) because residents 

would leave as soon as they were able to move to communities with better conditions 
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(Andresen, 2014a). High residential mobility then impedes the ability of those living 

within these neighbourhoods to develop friendship networks or other local community 

ties because these associations take time (Kasarda & Janowitz, 1974). Because of high 

population turnover, housing in these areas are relatively cheap and thus these 

neighbourhoods are desired by those who have low incomes (e.g., recent immigrants). 

Because of the racial and ethnic heterogeneity, language and cultural barriers prohibit 

individuals from communicating and interacting with one another in these communities. 

As is noted by Bursik (1984), these elements combine to the detriment of a community 

because of its inability to build formal or informal ties that (a) would allow for individual 

members to recognize that a problem exists in their community (e.g., crime), and (b) 

allow them to solve this common problem. In their study, Shaw and McKay (1942) 

indeed found that all three factors were correlated with juvenile delinquency in 

neighbourhoods within Chicago, and mainly in the direction that they anticipated. 

However, they were also careful to note that these ecological conditions are not causal 

to crime; rather, this relationship is mediated by the social situation that individuals within 

these neighbourhoods are exposed to that is generated by these conditions. 

Since the publication of Shaw and Mckay’s (1942) seminal work, researchers in 

the 1980s and 1990s expanded this theory to include two other community-level factors 

that were thought to decrease the level of social cohesion and control: family disruption 

(Sampson, 1987) and urbanization (Sampson & Groves, 1989). The former overlapped 

with the routine activity perspective (Cohen & Felson, 1979) where it was thought that 

two-parent families (in comparison to single-parent families) could provide increased 

guardianship over their children, household property, and general neighbourhood 

activities (Sampson, 1987), thereby resulting in decreased levels of crime. The latter 

factor, urbanization, was thought to affect social organization in a similar way to that of 

population turnover; that is, urban communities may be less likely to form kinship ties, 

friendship networks, and participate in local activities in comparison to suburban and 

rural communities (Sampson & Groves, 1989). 

Several researchers have sought to empirically test these five community-level 

factors and their impact on local violent crime rates (e.g., Browning, 2002; Harries, 1995; 

Pratt & Cullen, 2005). Despite this, only a handful of studies have applied social 

disorganization theory to the study of sexual assault in particular (see, for example, 

Baron & Strauss, 1989; Gentry, 1989; Peterson & Bailey, 1988; Tewksbury, Mustaine, & 
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Covington, 2010; Whaley, 1999). This is surprising given that an association has been 

found between the presence of released sex offenders in a community and its level of 

social disorganization (see Mustaine & Tewksbury, 2008; Mustaine, Tewksbury, & 

Stengel, 2006a,b; Socia, 2016; Suresh, Mustaine, Tewksbury, & Higgins, 2010). Such 

an association, at the very least, implicates the (potential) role that community-level 

factors play in the spatial distribution of sexual violence, yet current methods of 

supervising released sex offenders (e.g., residence restrictions, GPS monitoring) do not 

take them into account. Despite this, the general consensus among these studies is that 

this theory is useful for explaining differences in sexual offence rates within spatial units, 

but there is some disagreement as to the individual community-level factors identified as 

being responsible for this variation. For example, Gentry (1989) found that the best 

predictors of rape rates in metropolitan statistical areas were measures of divorce, 

population change, and the proportion of youth within an area, whereas Whaley (1999) 

found that only ethnic heterogeneity and family poverty are related to rates of rape. In a 

more recent study, Mustaine, Tewksbury, Huff-Corzine, Corzine, and Marshall (2014) 

investigated the utility of this theory for explaining the variability of preteen and teen 

sexual assault incidents across census tracts in Orange County, Florida. Findings 

indicated that economic disadvantage had positive relationships with both preteen and 

teen sexual assault, whereas a negative relationship was found between immigrant 

concentration and sexual violence for both victim groups. In addition, housing density 

was positively related to preteen sexual assault only, and the presence of registered sex 

offenders was positively related to teen sexual assault (Mustaine, Tewksbury, Huff-

Corzine et al., 2014). And, with a slightly different focus, Mustaine, Tewksbury, Corzine, 

and Huff-Corzine (2013) tested whether sexual assaults reported to the police in 

communities with less collective efficacy and social cohesion were more likely to be 

deemed unfounded by the police. Interestingly, findings revealed that more socially 

disorganized communities as evidenced by higher levels of immigrant concentration and 

residential instability, were actually less likely to have sexual assaults receive the 

unfounded designation. The findings from these studies simply serve to demonstrate 

that community-level factors, such as those cited in social disorganization theory, do 

play a role in the understanding of where sexual violence takes place, despite the 

majority of studies in this field implicating individual- and/or event-level factors in the 

commission of these crimes. 
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Despite crime pattern theory and social disorganization being two separate 

frameworks, they are both concerned with space and the environment and its 

relationship to crime. As such, the current study is certainly not the first attempt to 

integrate these two theories in the analysis of crime based on this commonality (see, for 

example, Andresen, 2006a, 2006b; Gottfredson, McNeil, & Gottfredson, 1991; Sampson 

& Wooldredge, 1987; Simcha-Fagan & Schwartz, 1986; Smith, Frazee, & Davison, 

2000). The findings from these studies have certainly shown that both theories have 

merit for bettering our understanding of crime and where it occurs. However, few, if any 

of the studies that have integrated these approaches have focused on sexual violence 

specifically, especially analyzing this crime at spatial units of analysis smaller than 

census tracts. Thus, the current study attempts to integrate crime pattern theory and 

social disorganization theory using variables specific to sexual violence within a 

Canadian context, using the dissemination area as the spatial unit of analysis. Before 

doing so, a brief overview of what is currently known about the characteristics of places 

associated with sexual violence is provided below.  

3.3.2.  “Place” Characteristics Associated with Sexual Violence 

Relatively few studies have investigated the characteristics of places associated 

with sexual violence. However, the location or ecological aspect of these crimes, just like 

other elements of the crime commission process of sexual offenders (e.g., modus 

operandi, types of sexual acts committed), seems to differ depending on dimensions of 

the crime such as the victim’s age and the nature of the relationship between the 

offender and the victim. Rape – as opposed to child sexual abuse and other forms of 

sexual violence – appears to be the act most commonly studied within this literature. As 

noted by Warr (1988), a commonly-held belief is that the ‘classic’ rape (Williams, 1984) 

is one that takes place in a deserted public space between strangers. Challenging this 

assumption, however, are earlier studies that have found that a large proportion of rapes 

occurs in the victim’s or offender’s home (see, for example, Amir, 1971; Chappell & 

Singer, 1977; Department of Justice, Bureau of Justice Statistics, 1985; McDermott, 

1979; MacDonald, 1971; Mulvihill, Tumin, & Curtis, 1969; Reiss, 1967), especially 

among those involving non-strangers. Warr (1988), for example, found that the 

opportunity structures for residential burglary were actually similar to those of rape, 

meaning that offenders perceived certain physical and social characteristics of places 
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(i.e., ecological conditions) as being conducive for both crime types (e.g., female 

householder, no husband present, aged 25 to 34, in a renter-occupied structure with 

more than fifty units). This, he argued, may explain why many rapes occur within the 

victim’s place of residence instead of outside of the home. In another ecological study, 

using Uniform Crime Report data and census reports, Miethe and Meier (1994) analyzed 

rates of rape for census tracts in Seattle (in 1980), cities in the United States with a 

population greater than 25, 000 (in 1980), and United States standard metropolitan 

statistical areas with over 200, 000 residents (in 1970). Notwithstanding the spatial unit 

of analysis, Miethe and Meier (1994) found that the rate of violent crime in general, but 

rape in particular, was highest in areas characterized by high levels of ethnic 

heterogeneity, population mobility, single-parent families, unemployment, as well as 

lower family income. Similarly, Maume (1989) investigated the variability of rape rates 

across standard metropolitan statistical areas and found that population characteristics 

that represented opportunity for this type of crime, such as the percentage of women 

who are separated or divorced, the ratio of employed men per 100 women, 

overcrowding, and the percentage of renters, strongly predicted the difference in rates 

across geographic units. And, Tewksbury et al. (2010) conducted a regression analysis 

using measures of social disorganization, vulnerable structures and populations, and 

registered sex offenders on the rate of sexual assault at the census tract level. It was 

concluded that more socially disorganized census tracts with higher counts of registered 

sex offenders, daycare centres, and percentage of women between the ages of 16 to 64 

with a disability, but that also had fewer females in general, were predictive of a higher 

rate of sexual assault within that spatial unit. Thus, it can be concluded from these 

studies that any investigation into the spatial correlates of sexual violence, at least for 

those involving adult victims, should incorporate measures of social disorganization into 

the analysis. 

Drawing more from the realm of crime pattern theory, Ceccato (2014) conducted 

an in-depth study of the nature of outdoor rape places specifically in Stockholm, 

Sweden. In particular, Ceccato (2014) found that places of rape occur in both central 

and peripheral areas of the city. Those taking place in central areas largely occur in 

places with mixed-land use that are secluded from potential guardians, including activity 

nodes such as inner courts between buildings, walkways, hilly areas away from view 

(e.g., stairways), ditches, small parks (including cemeteries), and pathways such as the 
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tunnels that connect to public transportation centres. In peripheral areas, rapes tended 

to occur in forested land use areas, places with evidence of social disorder and 

damaged property, as well as “interstitial spaces between roads and buildings” (Ceccato, 

2014, p. 103) that included pathways or streets that were close to transport nodes (e.g., 

train stations). It was also noted that rapes tended to cluster around alcohol-selling 

premises (e.g., bars and restaurants) as well as the streets and transportation nodes 

(e.g., bus stops or train stations) taken to get there. Notwithstanding the type of area 

where the rapes took place (i.e., central or periphery), Ceccato (2014) found that most of 

these locations were characterized by poor visibility – otherwise places where offenders 

were less likely to be interrupted by potential guardians. Although the majority of these 

rape cases involved adult female victims who were strangers to their offenders, meaning 

that they represent only a fraction of sexual assaults reported to the police, the findings 

were nonetheless informative from a situational crime prevention perspective and helped 

to guide the choice of variables to be used in the current study. 

More recently, Ceccato et al. (2017) used data from hospital medical records to 

better understand the immediate situational context preceding rape incidents from the 

perspective of the victim, including the activity nodes and travel paths visited in the hours 

preceding the crime. In this study, Ceccato and colleagues (2017) argued that it was not 

enough to just be knowledgeable about the physical nature of the locations of rape to 

better inform prevention efforts, but to understand the context- and social interaction-

related factors surrounding these events as well. When each of these factor groupings 

were analyzed separately, findings suggested that particular places (e.g., forested areas, 

interstitial areas, and vehicles/taxis), activities (i.e., alcohol consumption, dizziness), and 

social contexts (i.e., being alone, nighttime) increased the victim’s risk of rape 

victimization, but the relative risk of each of these groupings varied depending on when 

they occurred throughout the day of the crime (e.g., early in the day versus the hours 

immediately preceding the rape), as well as their duration. However, when analyzed in 

conjunction with one another, it was found that the victim’s participation in certain 

activities and social interactions outweighed place factors (with the exception of those 

who consumed alcohol) in determining the risk of rape victimization, suggesting that it is 

important to look beyond just the analysis of particular microenvironments to determine 

the risk for this type of violence (Ceccato et al., 2017). As has been exemplified here, 

although there is a growing literature on the correlates associated with the spatial 
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distribution of rape, less is known about those associated with the occurrence of sexual 

abuse against children.  

Few studies have investigated the macro- or community-level factors that 

contribute to child sexual abuse specifically. The reason for this is likely due to the 

finding that child sexual abuse is primarily perpetrated in the home environment by those 

known to the victim (Greenfeld, 1996), and thus researchers have largely assumed that 

this type of violence is less susceptible to macro-level influences (Tewksbury et al., 

2010). Although only a small body of literature, the conclusions thus far are mixed. While 

some studies report that measures underscoring social disorganization theory provide 

no, or only a moderate, explanation for sexual abuse (Mustaine, Tewksbury, Corzine, & 

Huff-Corzine, 2014; Mustaine, Tewksbury, Huff-Corzine et al., 2014; Tewksbury et al., 

2010), other studies have found such an association (e.g., Ernst, 2000, 2001; Robin, 

Chester, Rasmussen, Jaranson, & Goldman, 1997). For example, Greeley et al. (2016) 

found that zip codes with a higher rate of vacant houses, never married females and 

unemployed labor force with high family poverty rate, were associated with a higher rate 

of children seeking care for suspected child sexual abuse. The conflicting findings 

emerging from this literature may be due, in part, to differences across the studies in 

terms of the measures used to operationalize concepts of social disorganization, but 

also the fact that many of these analyses were performed at the census tract level, thus 

masking any potential variation that is evident at smaller spatial scales (e.g., 

dissemination area). 

Lastly, researchers have investigated the types of locations (i.e., activity nodes) 

chosen by child sexual offenders for sexual abuse (see, for example, Budin & Johnson, 

1989; Elliott, Browne, & Kilcoyne, 1995; Firestone, Moulden, & Wexler, 2009; Lang & 

Frenzel, 1988; Leclerc, Proulx, & McKibben, 2005; Leclerc, Smallbone, & Wortley, 2015; 

Leclerc et al., 2010a,b; 2011a,b; Sullivan & Beech, 2004; Terry & Ackerman, 2008; 

Wortley & Smallbone, 2006). Within this literature, it has shown to be important to 

investigate both the location of where the abuse occurred as well as the location in 

which the offender and the victim first came into contact with one another as it can often 

be different (Beauregard, Proulx et al., 2007). Smallbone and Wortley (2000) 

investigated the types of locations that adult sexual abusers against children most 

commonly chose to (a) search for potential victims, and (b) engage in sexual activity. In 

terms of the encounter location, intra-familial offenders most commonly chose their 
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victim from within their own residence, whereas extra-familial offenders primarily 

searched for their victim at a friend’s home and through organized leisure activities. For 

mixed-type offenders (those who offend both within and outside of the family), the most 

common search locations included a friend’s home, in the nearby neighbourhood but 

different from the offender’s home, and while babysitting. For the crime site location, 

across all three types of offenders, the most common location for sexual contact was the 

offender’s residence. Other frequent locations included (in descending order): going for a 

car ride, isolated location including vacant lots, a private space within the child’s home, a 

friend or relative’s home, and the bush. Similar findings emerged from the study 

conducted by Leclerc and Felson (2016) who focused on the encounter and crime site 

locations chosen by adolescent sexual abusers against children (including intrafamilial, 

extrafamilial, and mixed types). Because the locations targeted by intrafamilial offenders 

are almost always within the home of both the victim and offender (see also Lang & 

Frenzel, 1988), these researchers focused on extrafamilial and mixed-type offenders. 

The most common encounter locations for adolescent sexual aggressors against 

children included places within their own neighbourhood, babysitting, a friend’s home or 

apartment, and parks. The offender’s residence was most often chosen as the site for 

sexual contact among all three offender types, but the mixed-type was also likely to 

offend in the home of a friend or relative.  

Leclerc et al. (2010b) specifically investigated those places chosen by child 

sexual offenders who used multiple locations versus a single location to repetitively 

abuse the same victim over time. When the full sample was analyzed, the home of the 

offender was the primary site for sexual abuse, followed by taking the child for a car ride, 

using an isolated outdoor place, and an out of the way place in the child’s home. Even 

when the sample was divided into those who used a single location versus those who 

used multiple locations, findings indicated again that the offender’s home was the site 

primarily chosen for the abuse in both instances. For those who used multiple locations, 

very few offenders chose public places such as parks, playgrounds, movie theatres, 

public toilets, swimming pools, or taking the child for walks as the sites for their crimes. 

At the risk of being repetitive, these findings, as a whole, seriously question the 

effectiveness of sexual offender policies that ban released offenders from more public 

activity nodes (e.g., schools, playgrounds) as they do not seem to be in line with what is 

empirically known about the nature of child sexual abuse places.  
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3.4. Aim of the Study 

In light of the literature reviewed above, the aim of the current study is to 

integrate the crime pattern and social disorganization theories to determine which 

microplace and neighbourhood-level variables are predictive of the riskiest places for 

sexual violence. As such, this study follows the work of Ceccato et al. (2017) in using the 

‘theory knitting strategy’ (Kalmar & Sternberg, 1988) that integrates the best aspects of 

competing theories in addition to original ideas about the phenomenon being studied 

(Ward & Siegert, 2002). Although crime pattern theory and social disorganization theory 

are not competing in the strictest sense because they are both concerned with the 

environment and its relationship to crime, they do approach this phenomenon from 

opposite lenses (i.e., micro versus macro). Thus, this study contributes to the existing 

literature in three ways: (1) by integrating both theoretical frameworks to the study of 

sexual violence in particular, without dichotomizing events based on victim age or 

relationship to the offender; (2) by investigating this phenomenon within a Canadian 

context; and, (3) by using the dissemination area – rather than the census tract as has 

been previously done – as the spatial unit of analysis. This latter point is particularly 

important because even within census tracts there can be variation as to the 

characteristics of smaller spatial units, especially within the context of this large city in 

British Columbia. This variation, then, may have an impact on where sexual violence 

within this city occurred, especially given the findings of the previous chapter that very 

few streets are responsible for the majority of sexual violence calls-for-service. 

Specifically, the following research question is addressed: how does neighbourhood 

socio-demographic information, environmental variables, sexual crime attractors, and 

ecological factors, contribute to the variation in counts of sexual assault events across 

this large city? Based on prior literature, it is hypothesized that dissemination areas with 

(i) higher counts of young and single individuals, that contain (ii) higher percentages of 

residential, commercial, recreational, and mixed land uses, with (iii) many sexual crime 

attractors (e.g., recreational centres/pools, schools, postsecondary institutions, and 

public transportation nodes such as train stations), that also have (iv) lower socio-

economic status, will have experienced higher counts of sexual violence. 
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3.5. Methodology 

3.5.1. Data 

Event Data 

Dependent variable. The dependent variable in the current analysis is the count 

of the number of reported calls-for-service involving sexual violence that occurred 

between August 1, 2002 and July 31, 2006 within each dissemination area in a large city 

in British Columbia. Defined by Statistics Canada, dissemination areas are smaller than 

census tracts, containing a residential population between 400 and 700 persons, 

composed of one or more blocks – this census unit is similar in size to the census block 

group in the United States Census. According to the 2006 Canadian Census, there were 

559 dissemination areas within this city boundary; however, as will be explained below, 

census variables were only available for 558 dissemination areas, thus one 

dissemination area was excluded from the analysis. It is important to note that the 

decision was made to pool all five-years of event data together as the dependent 

variable for the purpose of this analysis, despite the finding in chapter two of this thesis 

that sexual crime places shifted from year-to-year during this study period. The 

reasoning behind this decision is three-fold. First, yearly variations are not captured in 

the data that are to be used for the independent variables for this study, as will be 

discussed below, that makes it impossible to investigate the nature of sexual crime 

places across disaggregated years. Second, to have the event data aggregated across 

the five-year period may actually serve as an advantage in that it will test all hot spot 

areas simultaneously to see if common characteristics exist among them. Third, it 

eliminates the issue of potentially analyzing an unrepresentative year and getting 

spurious results, especially with a low count crime such as sexual violence. 

The calls-for-service data are all founded police contacts that are obtained from 

PIRS, that is a police database used by the RCMP containing personal information on 

individuals who have been involved in any police contact, either as a complainant, 

victim, suspect, or a witness. The home locations of these individuals, information about 

the contact occurrence, and dates and times of the encounter are provided as well. All 

individual names have been de-identified from these police records, and data have been 

aggregated to non-identifiable levels before analysis. Using a series of SQL database 
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queries, the population of police calls-for-service within this jurisdiction over this five-year 

period was identified. From these police contacts, all records that involved at least one of 

the Uniform Crime Report codes for sexual assault level 1 (n = 1,951), sexual assault 

level 2 (n = 27), sexual assault level 3 (n = 22), and other sexual offences (n = 180), as 

defined by the Criminal Code, that also had available XY coordinates, were selected (N 

= 2,180) and geocoded onto the dissemination area boundary data. 

2006 Canadian Census and British Columbia Assessment Authority 
Data 

Independent variables. Because the crime event data range between 2002 and 

2006, socio-demographic, environmental, and ecological variables taken from the 

corresponding Statistics Canada 2006 Canadian Census are used as independent 

variables in the current study. Although it is recognized that the crime and place 

literature emphasizes the importance of studying microplaces when modeling the 

relationship between the environment and criminal activity, the decision is made to use 

the dissemination area, rather than the street segment (and intersection), as the spatial 

unit of analysis, because this is the smallest spatial unit in Statistics Canada’s Census of 

2006 for which there is complete information for all census variables. Although the 

dissemination area is not the smallest spatial unit of analysis, it is superior to using 

larger spatial units such as census tracts due to less averaging of the data (see 

Andresen, 2006a), especially when trying to avoid the ecological fallacy (see Andresen 

& Malleson, 2013b; Robinson, 1950).  

Socio-demographic factors. Nine interval-level variables represent the socio-

demographic information of the individuals who live in each of the dissemination areas. 

These variables also operationalize Cohen and Felson’s (1979) routine activity theory 

who implicate the presence of a potential victim, a motivated offender, and the absence 

of capable guardians in the incidence of interpersonal crimes. Victimology variables 

include the percentage of male children between the ages of 0 to 14, the percentage of 

female children between the ages of 0 to 14, the percentage of female adults aged 15 or 

older, the percentage of Aboriginal individuals who live in the dissemination area, and 
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the percentage of visible minorities6 who live in the dissemination area. These latter two 

variables are included because prior research has shown that Aboriginal women and 

Canadian-born visible minorities are at an increased risk of violent victimization, 

including sexual assault (see Brennan, 2011; Perreault, 2008). One offender variable is 

included: the percentage of males between the ages of 15 and 34 who live in the 

dissemination area. The rationale underlying this variable is the general finding that 

sexual offenders do not travel very far from their home base to commit their crimes 

(Andresen, Frank, & Felson, 2014). This finding has been consistent in studies of 

stranger rapes (e.g., Canter & Gregory, 1994; Canter & Larkin, 1993; LeBeau, 1987b,c), 

but it has been even more pronounced in studies of non-stranger cases, especially those 

against children (e.g., Duwe, Donnay, & Tewksbury, 2008; Leclerc et al., 2010b), where 

the crime site location typically takes place in the offender’s home. As such, it is 

hypothesized that the majority of offenders will commit their crimes in places within the 

dissemination area in which they live. Furthermore, the majority of sexual offenders have 

been found to be between the ages of 12 and 34 years old (Brennan & Taylor-Butts, 

2008). Guardianship is measured by two variables: the percentage of single individuals 

who live in the geographic unit and the count of individuals who live in each 

dissemination area as reported in 2006. It is hypothesized that dissemination areas with 

higher percentages of single individuals and those that are less populated may be more 

prone to sexual violence simply because there is far less supervision of potential victims 

in these situations as compared to their counterparts. 

Environmental factors. Because the physical environment, including land uses, 

dictates the types of activities that take place in certain areas and, thus, how potential 

victims and offenders converge in particular places (see Brantingham & Brantingham, 

1998; Felson, 1987), seven variables are included to measure this aspect within each 

dissemination area in the city: the percentage of commercial land use, the percentage of 

industrial land use, the percentage of institutional land use, the percentage of 

recreational land use, the percentage of residential land use, the percentage of vacant 

land use, and the percentage of mixed land use. Mixed land use is important to include 

in this context as it represents Brantingham and Brantingham’s (1981, 1993) concept of 

                                                
6 According to Statistics Canada, the definition of visible minority status is equal to that set out in 
the Employment Equity Act (1995) that defines visible minorities as “persons, other than aboriginal 
peoples, who are non-Caucasian in race or non-white in colour” (Section 3). 
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‘edges’: those places within neighbourhoods in which the majority of crime occurs 

because people are more transient, and there is less guardianship, in these areas. 

Sexual crime attractors. Land-use data from 2005 were obtained from the 

British Columbia Assessment Authority, that is the provincial agency responsible for 

conducting an annual assessment of the value, for property taxation purposes, of all real 

estate in the province (Kinney, Brantingham, Wuschke, Kirk, & Brantingham, 2008). 

These data consist of approximately 200 detailed subcategories (e.g., grocery stores, 

gas stations, fast food restaurants, parking lots) that contain information about every 

developed land unit and developable lot within the city boundary. These data were 

geocoded by address onto the 2006 census dissemination area boundary data, and a 

count of the number of locations of each subcategory within each dissemination area 

was conducted (e.g., a count of the number of schools within each dissemination area). 

Only the counts of the subcategories – herein referred to as sexual crime attractors (i.e., 

activity nodes) – theoretically thought to affect the spatial distribution of sexual violence 

within this city are included in the current study: liquor establishments (including only 

those that serve food and beverages in addition to liquor)7, postsecondary institutions, 

recreational centres/ community halls/ community pools, schools (including playschools, 

elementary schools, junior high schools, and high schools), as well as transit hubs 

(including public train and bus stations). The choice of sexual crime attractors to be 

included was largely driven by previous research that has found that alcohol 

consumption and the availability of private rooms (e.g., dorm rooms) (see Caplan & 

Kennedy, 2011), bars (see Rosay & Langworthy, 2003), and the presence of bus stops 

(Rossmo, 2000) are risk factors associated with sexual violence. Furthermore, places 

like recreational centres/ community halls/ community pools and schools were chosen 

because these are typically the places where children congregate, and as such, are 

often cited in sexual offender legislation such as residence restrictions (see Levenson & 

Cotter, 2005). 

Ecological factors. Fifteen interval-level variables operationalize Shaw and 

McKay’s (1942) social disorganization theory that hypothesizes that crime is linked to 

                                                
7 The decision was made to include only those liquor establishments that served food and 
beverages in addition to liquor (e.g., pubs, restaurants) because these locations are thought to be 
environments that would foster interactions between potential offenders and victims in comparison 
to establishments that sold liquor only (e.g., liquor stores). 
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neighbourhood ecological characteristics. According to Andresen (2006a, 2006b), 

concepts that typically represent this approach are social/economic deprivation, ethnic 

heterogeneity, family disruption, and population turnover. As such, the current study 

uses several measures to represent each of these concepts within the dissemination 

areas throughout the study location. Social/economic deprivation is measured by the 

percentage of houses in need of major repairs in each dissemination area, the 

percentage of old houses in each dissemination area, the unemployment rate in each 

dissemination area, the percentage of individuals living in each dissemination area with 

a postsecondary education, the percentage of individuals within each dissemination area 

living on welfare, the percentage of low-income individuals living within each 

dissemination area, the average dwelling value in each dissemination area (in 

thousands), the gross rent within each dissemination area, the median income in each 

dissemination area (in thousands), and the standard deviation of income in each 

dissemination area (in thousands). Ethnic heterogeneity is measured by the percentage 

of recent immigrants in the dissemination area, while family disruption is measured by 

the percentage of households headed by a single-parent. Lastly, population turnover is 

measured by the percentage of rentals in each dissemination area, the percentage of 

apartments in each dissemination area, the percentage of individuals who moved into 

the dissemination area within the past 1 year, and the percentage of individuals who 

moved into the dissemination area within the past 5 years. The descriptive statistics for 

both the dependent and independent variables used in this study can be found in Table 

3.1. 
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Table 3.1. Descriptive statistics for independent variables used in the negative 
binomial regression of sexual crimes in dissemination areas. 

 Mean Standard Deviation Minimum Maximum 
Dependent variable     
Counts of sexual crimes within DAs N/A N/A .00 214.00 
Independent variables     
% Male (0-14) 10.30 2.88 .00 21.20 
% Female (0-14) 9.53 2.70 .00 20.40 
% Female (15+) 40.86 4.59 .00 60.40 
% Aboriginal 2.00 2.80 .00 20.30 
% Visible minorities 43.87 26.65 .00 101.10 
% Male (15-34) 12.98 3.06 .00 23.50 
% Single 28.77 6.16 .00 53.90 
Population (in thousands) 707.84 403.48 224.00 5881.00 
% Commercial land use 2.91 10.25 .00 100.00 
% Industrial land use .48 2.14 .00 30.61 
% Institutional land use .40 1.33 .00 25.00 
% Recreational land use .62 1.52 .00 25.00 
% Residential land use 87.08 22.59 .00 100.00 
% Vacant land use 5.10 9.64 .00 100.00 
% Mixed land use 13.25 15.18 .00 74.23 
Liquor establishments .37 1.21 .00 10.00 
Postsecondary institutions .01 .09 .00 1.00 
Recreational centers/ community halls/ pools 3.00 .24 .00 3.00 
Schools 4.00 .54 .00 4.00 
Transit hubs 1.00 .09 .00 1.00 
% Major repairs 4.92 5.49 .00 30.40 
% Old houses 47.70 32.44 .00 113.3 
% Unemployment rate 5.52 4.10 .00 24.30 
% Postsecondary education 20.56 9.63 .00 53.80 
% Welfare 10.88 5.37 .00 36.40 
% Low income 15.24 11.12 .00 61.80 
Average dwelling value (in thousands) 449.98 198.57 .00 1523.85 
Gross rent (in thousands) 6.51 4.32 .00 21.00 
Median income (in thousands) 71.72 20.94 .00 162.56 
SD of income (in thousands) 8.35 5.98 .00 53.09 
% Recent immigration 6.92 6.40 .00 28.00 
% Single-parent 15.35 9.61 .00 67.60 
% Rentals 24.16 19.19 .00 100.00 
% Apartments 18.85 26.94 .00 102.20 
% Move 1 year 16.17 9.40 .00 86.20 
% Move 5 years 48.23 15.92 .00 98.00 

3.5.2. Testing Methodology 

The location of each reported sexual offence to police was geocoded to the 

corresponding dissemination area within this large city. From there, the number of 

sexual offences within each of the dissemination areas is treated as a count variable. 
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This frequency count variable – the dependent variable in this study – ranges from 0 to 

241, indicating that a large percentage of dissemination areas had zero sexual offences 

reported to the police and very few dissemination areas had many. When working with 

spatial data, there is always the possibility of spatial dependence. Spatial dependence 

occurs when the value of a parameter in one location is affected by the value of another 

parameter in a neighbouring location (Anselin, Syabri, & Smirnov, 2002). In a regression 

context, spatial dependence in the residuals violates the assumption of independence, 

potentially leading to improper inference. Specifically, in the presence of positive spatial 

autocorrelation in the residuals (the most common form of spatial dependence in socio-

demographic and socio-economic variables), standard errors are underestimated. To 

test for spatial dependence, the full model described below was analyzed in the spatial 

software program GeoDa because it provides diagnostic tests for the presence of spatial 

dependence. The diagnostic information for spatial dependence resulting from this 

model indicated that it was not present at p < .05. This finding provided evidence that the 

spatial regression model used here was not required to analyze these data.  

Given that the dependent variable most closely reflects a Poisson distribution, 

tests were first conducted using the R Project for Statistical Computing to determine 

whether a Poisson or negative binomial regression would be more appropriate for these 

data. A Poisson regression was first conducted to test for overdispersion where the 

variance that is produced is greater than that which would be expected (Tabachnick & 

Fidell, 2007). Overdispersion was thought to be present because the dependent variable 

has many zero frequencies, and if it was present, the risk of committing a Type 1 error 

would increase (Land, McCall, & Nagin, 1996). Goodness of fit information from this 

regression revealed that the deviance value was 3.928, which is greater than the 

threshold value of 1.000 that indicates equidispersion, meaning that overdispersion was 

present in this model. This was a clear indicator that the negative binomial model, which 

is less sensitive to overdispersion, would be more appropriate for these data. A negative 

binomial model was then run with the Lagrange multiplier test to determine whether the 

added parameter in the negative binomial model is required. The Lagrange multiplier 

test value was significant (p = .001), indicating again that the negative binomial model is 

more appropriate for these data. 

Negative binomial regression is a technique designed for count discrete models 

that allows for non-normal distributions (Long, 1997). This regression analysis was 
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conducted to assess the impact of the independent variables against counts of sexual 

offences within each dissemination area. The first model – the full model – examines the 

effect of all of the theoretically relevant independent variables on the dependent variable. 

Following the methodological approach of Linning, Andresen, Ghaseminejad, and 

Brantingham (2017), a test down method was then used to remove the least statistically 

significant variable from the full model. Here, a significance threshold of p < .10 was 

used as to not accidently omit relevant variables from the model. Once each insignificant 

variable was omitted, a likelihood ratio (joint significance) test was conducted to 

determine whether the reduced model was a better fit to the data than the previous one 

as indicated by p <.05. This process repeated until a final parsimonious model was 

obtained that included only those significant predictors of the dependent variable. Then, 

a final likelihood ratio test was performed to test whether there was a statistically 

significant difference between the parsimonious model and the full model. 

3.6. Results 

The findings from the negative binomial analyses for both the full and 

parsimonious models are presented below. Because there were no statistical8 nor 

qualitative differences between the full and parsimonious models, the results from the 

latter are presented in-text in Table 3.2. The results from the full model with all of the 

theoretically relevant independent variables can be located in Appendix A. Overall, 

findings indicated that socio-demographic, sexual crime attractors, and ecological 

variables were significant predictors of the number of sexual offences that took place 

within each of these small geographic areas. Interestingly, environmental factors were 

not significant predictors of the spatial variation of sexual violence. 

                                                
8 A likelihood ratio test was conducted to test for statistical differences between the full model and 
the parsimonious model. Findings indicated that there was no statistical difference between the two 
models [X2(25) = 10.289, p = .9958]. 
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Table 3.2. Negative binomial regression predicting counts of sexual crimes 
within dissemination areas – Parsimonious Model. 

 Odds Ratios B SE 
% Female (15+) 1.03 .03 (.01)*** 
% Male (15-34) 1.08 .08 (.02)*** 
% Single 1.04 .04 (.01)*** 
Population (in thousands) 1.00 .00 (.00)*** 
Liquor establishments 1.34 .29 (.03)*** 
Schools 1.27 .24 (.07)*** 
% Postsecondary education .97 -.03 (.01)*** 
Gross rent (in thousands) 1.03 .03 (.01)*** 
Median income (in thousands) .99 -.01 (.00)*** 
% Rentals 1.01 .01 (.00)*** 
% Move 1 year .99 -.01 (.01)* 

*p < .05; **p < .01; ***p < .001. 

Positive relationships were largely found between the socio-demographic factors 

and the count of reported sexual offences that occurred within each dissemination area. 

Specifically, an increase in the percentage of females aged fifteen or older was 

associated with an increase in the number of sexual offences (OR = 1.03; p < .001). 

Similarly, an increase in the percentage of male inhabitants between the ages of fifteen 

and 34 was associated with an increase in the number of sexual offences (OR = 1.08; p 

< .001). An increase in the percentage of single individuals living within each 

dissemination area corresponded to an increase in the number of sexual offences (OR = 

1.04; p < .001), and an increase in the population count (in thousands) within each 

dissemination area was associated with an increase in the number of sexual offences 

within that small geographic area (OR = 1.00; p < .001). 

Not only were positive relationships observed between the counts of sexual 

crime attractors within each dissemination area and the dependent variable, but these 

factors also had the greatest effect in comparison to the other significant predictors 

discussed above, as evidenced by larger standardized Beta coefficients. It was observed 

that higher counts of liquor establishments within each dissemination area was 

associated with a higher count of sexual crimes (OR = 1.34; p < .001). Similarly, an 

increase in the number of schools within a dissemination area was associated with an 

increase in the number of sexual crimes that took place in that geographic area (OR = 

1.27; p < .001). 
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Finally, in terms of ecological factors, both negative and positive relationships 

were found between these variables and the dependent variable. It was first found that 

an increase in the percentage of individuals who live within a given dissemination area 

who have a postsecondary education was associated with a decrease in the number of 

sexual assaults that occurred in that area (OR = .97; p < .001). Similarly, an increase in 

median income (in thousands) of individuals living within each dissemination area was 

associated with a decrease in the number of sexual offences (OR = .99; p < .001). In 

terms of transiency within each dissemination area, an increase in the percentage of 

individuals who moved into each dissemination area within the past year (of when the 

data were collected) was associated with a decrease in the number of sexual offences 

within that area (OR = .99; p < .05). Conversely, positive relationships were observed for 

the measures of gross rent and the percentage of rentals within each dissemination 

area, such that dissemination areas with a higher amount of gross rent (in thousands) 

charged to tenants (OR = 1.03; p < .001), as well as those with a higher percentage of 

rentals (OR = 1.01; p < .001), experienced higher counts of sexual violence. 

3.7. Discussion 

The aim of this study was to investigate the characteristics of dangerous places 

(i.e., dissemination areas) for sexual violence within a Canadian context. Descriptive 

statistics of the distribution of the dependent variable alone corroborated the spatial 

concentration findings in the previous chapter of this thesis as there were many 

dissemination areas where no incidents of sexual violence were reported, while few 

dissemination areas had very high counts (including one dissemination area that within 

this five-year period had 214 incidents). This is in line with the crime at place literature 

more generally that shows that when crime is examined at finer spatial scales (i.e., 

dissemination areas rather than census tracts as has been done previously), its 

concentration becomes even more apparent. This descriptive finding provided 

justification for investigating those factors that contribute to such spatial variation of 

sexual violence. 

Interestingly, it was found that both crime pattern theory as well as social 

disorganization theory provide plausible explanations for the variability of sexual crime 

locations within this city as evidenced by the type and quantity of significant predictors in 

the parsimonious model. In terms of the former, and in line with the main concepts of 
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routine activity theory (Cohen & Felson, 1979) specifically, it was found that 

dissemination areas with a higher percentage of adult females (potential victims), young 

adult males (potential motivated offenders), and single individuals (lack of capable 

guardianship) had higher counts of sexual violence. Interestingly, the fact that 

dissemination areas characterized by single, adult females experienced more sexual 

violence echoes that which was found by Warr (1988) that both burglars and rapists 

interpret these same environmental cues as providing lucrative offending opportunities, 

thus explaining, in part, why many sexual assaults take place within the victim’s own 

home. Although not tested directly, these findings are also supportive of Brantingham 

and Brantingham’s (1978) crime site selection model where offenders seem to be 

interpreting certain environmental cues (i.e., neighbourhoods containing an abundance 

of single, adult females) as being favourable search areas to find suitable victims. 

Because of the high counts of sexual crimes in these areas over this five-year period, it 

may be inferred that these locations are repeatedly targeted by certain offenders 

throughout the course of their routine activities, and subsequently reinforced over time. 

To determine the identity of the offender(s) in these cases to test whether or not few 

offenders are responsible for the majority of the events within high sexual crime 

dissemination areas (thus further supporting the crime site selection model discussed 

above) is outside of the scope of the current study, but this is a direction for future 

research. Although it was originally hypothesized that more populated areas would be a 

protective factor and, thus, have a negative relationship with sexual assault counts within 

dissemination areas, a positive relationship was found here instead. While initially 

surprising, after further thought, this direction of the relationship also makes sense in 

that the more people who inhabit an area, the more potential victims there are for 

motivated offenders to choose from. 

In terms of sexual crime attractors, positive relationships were found between the 

counts of sexual violence and both the number of liquor establishments and schools 

within dissemination areas. These activity nodes in particular have been found, at least 

in some studies, to be risk factors for sexual violence because of the opportunities that 

they create for this type of crime (see Beauregard, 2010; Beauregard, Rossmo et al., 

2007; Tewksbury et al., 2010). The role that alcohol specifically plays in the commission 

of sexual violence is well established (see Abbey, 2002; Gervais, DiLillo, & McChargue, 

2014), but more specifically, alcohol consumption in certain places and at certain stages 
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throughout the day has more recently been found to contribute to increased risk of rape 

in particular (Ceccato et al., 2017). Relating to the findings of the current study, Ceccato 

et al. (2017) found that rapes that took place further away from the victim’s home tended 

to occur in Stockholm’s inner-city entertainment district where bars, restaurants, and 

other entertainment venues (i.e., liquor establishments) are concentrated. Thus, the 

replication of this finding within the Canadian context further indicates that the 

concentration of liquor-serving activity nodes should be one of the first places to target in 

terms of primary prevention for sexual violence. The concentration of schools within hot 

spots for sexual violence within this city was, from a theoretical perspective, expected, 

but it does contradict some of the previous literature on child sexual abuse that has 

found no significant association between the two (for a review of crime locations 

associated with child sexual abuse, see Leclerc, Chiu, & Cale, 2016; see also 

Tewksbury et al., 2010). This discrepancy could, however, be attributed to differences in 

the methodological approaches taken between the current and previous studies. First, 

much of what is known about the types of crime locations chosen by sexual offenders is 

based on self-report data from convicted offenders, rather than police data, that also 

include unsolved cases. It could be that there are some offenders who do encounter 

their victims and/or commit their crimes in close proximity to schools and these 

individuals would not have been captured in studies relying solely on conviction data. 

Second, in one of the few studies that specifically regressed counts of schools on sexual 

crime rates at the census tract level also using police calls-for-service data, Tewksbury 

and colleagues (2010) found an insignificant relationship. In this case their result, in 

comparison to the one found here, could have been an artifact of basing their analysis 

on only one (aberrant) year of data and/or could have been due to low base rates of 

sexual assaults that would not have had enough statistical power to detect a 

relationship. Also of interest in the current study are the insignificant relationships found 

between counts of sexual violence and the other sexual crime attractors included in the 

full model, such as postsecondary institutions, recreational centres/community 

halls/pools, and transit hubs. These findings provide further evidence that precludes 

these risk factors from being cited in such policies as residence restrictions and GPS 

monitoring of sexual offenders. It must be noted, however, that because of the nature of 

the police data used in this study, information is only made available regarding the 

location of where the assault took place, and thus information regarding where offenders 

first encountered their victims (if different from where the crime took place) is not 
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available. These data are necessary if any proper analysis is to be conducted that aims 

to evaluate the validity of including these risk factors in sexual offender legislation. And 

lastly, it almost goes without saying that these conclusions are based on official crime 

data, which is especially problematic in cases of predatory offences because many of 

these offenders have a high hunting to offending ratio (Rossmo, 2000). As such, it could 

be that these activity nodes are indeed where offenders search for potential victims but 

offending opportunities did not come to fruition. This further emphasizes the challenges 

associated with studying the spatial distribution of crimes perpetrated against mobile 

versus stationary victims/targets.  

As mentioned, findings also supported the utility of social disorganization theory 

for explaining the spatial variation of sexual violence within this large city. The positive 

relationship between the percentage of rentals within a dissemination area and counts of 

sexual violence was as expected and is in line with previous research (LeBeau, 1985; 

Miethe & Meier, 1994; Warr, 1988). Rental units represent transiency and a lack of 

community cohesion. Thus, the lack of capable guardianship in these areas, paired with 

the ease in which offenders and their activities go unnoticed in these neighbourhoods as 

people tend to be more anonymous, make it easier for them to successfully complete 

their crimes. Conversely, negative relationships were found between the percentage of 

those with a postsecondary education, median income, and counts of sexual assaults 

within dissemination areas. These findings are similar to those of Miethe and Meier 

(1994) who noted that the population of neighbourhoods with high rape rates tend to 

have high levels of unemployment (which could be attributed, at least in part, to fewer 

individuals having a postsecondary education) and low income inhabitants. 

Two measures of social disorganization were found to be significant predictors of 

high sexual crime areas but in unexpected directions: the negative relationship between 

the counts and percentage of people having moved to the dissemination area within the 

past year, and the positive relationship between the counts and gross rent within the 

dissemination area. From a social disorganization perspective, and in line with previous 

findings (e.g., Gentry, 1989; Mustaine, Tewksbury, Huff-Corzine et al., 2014), one would 

expect dangerous places for sexual violence to be those experiencing more 

neighbourhood instability and less cohesion (as evidenced by more people moving to 

the dissemination area within the past year), and more economically disadvantaged 

areas (as evidenced by lower rental costs). At this point, the reasoning behind these 
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findings is unclear. However, it is hypothesized that the direction of these relationships 

may have emerged due to the spatial unit of analysis used, the nature of the crime event 

data, as well as the context of the study area. In terms of the spatial unit of analysis, the 

current study used the dissemination area, rather than the census tract, which may have 

magnified the heterogeneity of microplaces or square blocks even within census tracts, 

potentially explaining why these particular relationships emerged here that may have 

been masked in previous studies that used more aggregate spatial scales. This is 

especially important to note as several areas of the city (including geographies of only a 

few square blocks), underwent a process of gentrification during the study period. The 

nature of the crime event data, being that it was not dichotomized based on dimensions 

such as victim age and his/her relationship to the offender, may have also had an 

influence on the findings. As noted above, the influence of certain social disorganization 

measures appears to vary depending on whether rape against adults or sexual abuse 

against children is under investigation (see Greeley et al., 2016; Mustaine, Tewksbury, 

Huff-Corzine et al., 2014). Thus, it could be that when all acts of sexual violence are 

aggregated, different factors emerge as being important. Finally, these results cannot be 

interpreted without situating them within the context of the city chosen for this study. 

While the identity of the study area needs to remain anonymous, it is situated in one of 

the most desirable and expensive geographic regions in the country. Because of this, 

this region has experienced an influx of immigration with the cost of living having 

continually increased since the 1980s. Thus, these two findings may just be artifacts of 

this particular city since it is situated in a geographic region that is contextually very 

different to the other cities in Canada, and perhaps other cities abroad. These findings 

are certainly in need of replication in other study areas and is a direction for future 

investigation.  

A final point of discussion concerns the effect sizes of the significant variables in 

the parsimonious model. Although statistically significant relationships were found, it is 

recognized that the effect sizes of many of the predictors were fairly small (i.e., close to 

the value of one). While the role of the environment in the commission of sexual crimes 

is indeed necessary to investigate to better our understanding of this type of violence, it 

still only represents one component. In the absence of information regarding the 

offender, the victim, as well as the situational influences immediately preceding the 

event, that have all shown to be important in understanding sexual violence (see 



76 

Beauregard, Rossmo et al., 2007; Ceccato et al., 2017), it is unsurprising that these 

predictors, although significant, only explain a piece of the puzzle when it comes to 

better understanding the nature of those places at high-risk for sexual violence. 

3.8. Conclusion 

In conclusion, the findings from this study indicate that both crime pattern and 

social disorganization theories provide a framework within which the nature of sexual 

assault places can be better understood. Several macro- and micro-level characteristics 

emerged that were predictive of those dissemination areas that experienced 

concentrations of sexual violence identified in the previous chapter of this thesis. Similar 

to that which was noted by Ceccato (2014), this information could be used from the 

(potential) victim’s perspective to not only empower him/her as to the types of places 

that are the riskiest for this type of crime, but to create a conversation about 

interventions that could be put in place at both the secondary and tertiary levels to 

prevent future sexual assault occurrences. For instance, these findings may be used as 

markers by law enforcement officials to better indicate where offenders may be 

searching for suitable victims in the present (especially since hot spots may not be 

immediately obvious given the low base rate of this crime type paired with the high 

hunting to offending ratio discussed above), as well as predict where hot spots of sexual 

violence may emerge in the future at the dissemination area level. For example, Ceccato 

et al. (2017) proposed that educational programs for bouncers in nightclubs or other 

liquor-serving establishments may be helpful to ensure that women who are under the 

influence do not leave these settings alone. Given the current findings, such a 

recommendation may also be useful within this context as well. Other interventions may 

include stationing police officers in the areas surrounding liquor establishments or 

schools to be able to easily identify individuals who may be in need of assistance, or 

those who look out of place (e.g., lone adult male lurking in the school yard). This 

suggestion of putting more responsibility on place managers reiterates that which was 

proposed in the previous chapter of this thesis, that despite the abundance of motivated 

offenders and potential victims in a given area, if capable guardianship is increased, 

there is a reduced likelihood of a crime being successfully committed. As such, 

increasing capable guardianship should be one of the major goals to reduce this type of 

crime in high-risk areas. Findings from Ceccato et al.’s (2017) study on the situational 
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conditions of rape indeed support this suggestion as these researchers found that being 

“with close acquaintances” (p. 19), regardless of whether the victim consumed alcohol, 

was a strong protective factor against such an act.  

From a policy perspective, there was mixed empirical evidence supporting the 

idea that particular places thought to be high-risk for sexual violence are actually 

associated with this type of crime. The findings here indicated that the clustering of 

liquor-serving establishments as well as schools within small geographic units should be 

cause for concern. Because current sex offender legislation is primarily concerned with 

the protection of children, the implication of schools in high sexual crime areas, in 

particular, does support the idea that this type of activity node creates offending 

opportunities, thus potentially justifying its citation in these policies. Having said this, it is 

still important to remind the reader that it is unknown whether the crime events in these 

areas involved children specifically, but this is a curious finding nonetheless. Replication 

studies using spatial units smaller than census tracts should be conducted in alternative 

settings to rule out the possibility that this was a spurious result. 

While many of the shortcomings discussed in the previous chapter equally apply 

here regarding the nature of the event data used, and thus will not be reiterated, a 

specific limitation of this study relates to the source of the independent variables used. It 

is important to keep in mind that these variables were extracted from Statistics Canada’s 

2006 Census, as well as the 2005 British Columbia Assessment Authority and, thus, 

these data were not necessarily collected for the purpose of the current study. Because 

of this, the analysis was constricted by the nature of the variables as well as their 

availability. As such, there are some risk factors that perhaps should have been 

included, but could not be, such as the presence or count of the number of bus stops, as 

well as the number of registered sex offenders living within each dissemination area, to 

name a few. Future work should consider including these variables in their models. 

Another limitation present in the current study was the need to conduct this analysis at a 

level higher than the street segment (and intersection). This represents a limitation that 

Weisburd and colleagues (2016) note is “the most important barrier today to the 

advancement of basic research study in this area” (p. 152); that is, that many 

researchers have no choice but to “push up” their level of analysis because of the 

unavailability of census data to researchers at levels lower than the census tract or block 

level (Weisburd et al., 2016). While the findings from these studies, including those from 
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the current work, are still informative, there is room for improvement and new insights to 

be gained, but this will continue to be hampered until access to street segment level 

census data is made a reality. 

This exploratory study is just the first step towards a greater understanding of the 

location choices made by sexual offenders to commit their crimes. Future researchers 

would also benefit from conducting social observations of those locations at higher risk 

of sexual violence by using both a deductive and inductive approach. This would allow 

one to verify the presence and absence of risk factors for sexual assaults while also 

permitting new ones to emerge that had not been previously considered. Future 

replication of these findings is also needed within varying contexts. For example, it would 

be of interest to repeat this research design in rural and remote centres to see how the 

findings would compare. Because the social and physical environment differ in each of 

these locations, this may impact sexual offenders’ spatial decision-making and thus their 

crime site locations. Findings from these results would have important implications 

specific to each of these contexts. And lastly, it would be beneficial to know when sexual 

assault events take place. From a prevention point of view, this information would be 

helpful to not only target those locations most at risk, but those times as well. Because 

the routine activities of individuals change not only in space but also according to time, it 

is hypothesized that the temporal distribution of sexual violence would also vary. This 

information would hopefully aid crime prevention efforts for a rare, but very serious type 

of violence. 
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Chapter 4.  
 
Dangerous Times? An Examination of the Temporal 
Patterns of Sexual Assault Calls Over Time 

4.1. Abstract 

Despite environmental criminologists emphasizing the role that both space and 

time play in the occurrence of crime, there is still only a small literature on the temporal 

rhythms of criminal behaviour, especially those of sexual violence. While past research 

has largely found that this type of crime peaks during the warmer months of the year, 

less is known regarding the intraweek patterns, and how they may differ over time. This 

knowledge is needed, however, as any crime reduction or prevention measures must be 

tailored to when sexual assaults take place in particular places. Thus, the current study 

utilizes the RCMP’s PIRS database to analyze the temporal distribution of 2,260 sexual 

assaults that occurred between August 1, 2002 to July 31, 2006 within a large city in 

British Columbia. Using circular statistics, specifically Rayleigh’s Z tests, findings 

suggest that there is a distinct temporal pattern for sexual assaults when the temporal 

unit of analysis is at the seasonal, monthly, and hourly levels, but not at the daily level. 

The findings from the Watson’s U2 tests indicate that these temporal patterns are 

relatively consistent over time. Methodological implications, as well as those for primary, 

secondary, and tertiary prevention strategies for sex offenders and sexual offences, are 

discussed. 

Keywords:  sexual violence; temporal rhythms; circular statistics; seasonality; 

intraweek. 

4.2. Introduction 

Within the environmental criminological literature, theorists have emphasized the 

role that both space and time play in the occurrence of crime (see Brantingham & 

Brantingham, 1981, 1993; Cohen & Felson, 1979). As previous research, as well as 

chapters two and three of this thesis, have shown, criminal events – and sexual violence 

in particular – vary across space. Indeed, the findings from chapter two supported 
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Sherman et al.’s (1989) conclusion that there are relatively safe places in dangerous 

neighbourhoods, and vice versa, while those from chapter three indicated that high-risk 

places for sexual violence are not necessarily characterized by all of those risk factors 

cited in current sexual offender legislation, or even those targeted in sexual offender 

treatment programs. As mentioned elsewhere in this thesis, when one looks closely at 

sexual offender legislation such as residence restrictions and GPS monitoring, the focus 

is to control offender movement throughout space. Even in sexual offender treatment 

programs, the idea underlying the currently used risk-need model of offender treatment 

is to identify and essentially eradicate the individual’s dynamic risk factors, including 

situational elements such as people, activities, and places to avoid (Ward & Stewart, 

2003). Thus, in these tertiary prevention approaches currently used to manage the risk 

of sexual offenders within communities, the focus is largely placed on space with little to 

no emphasis placed on time. This serves as a detriment to these approaches because 

just as opportunity for sexual violence – and crime more generally – is not uniformly 

distributed throughout space, neither is it equally dispersed over time. For example, child 

victims are unlikely to be found in pools or playgrounds during school time hours or late 

into the evening, nor during the coldest months and seasons of the year. Therefore, it is 

argued that knowledge surrounding those times, in addition to those places, that are the 

most dangerous for sexual violence, would perhaps increase the efficacy of current 

prevention strategies, including those at the primary, secondary, and tertiary levels. 

Researchers have long demonstrated that crime does not occur uniformly 

throughout the year; rather, there are seasonal, monthly, daily, and even hourly 

variations in crime. Despite research considering the temporal dimension of crime dating 

back 175 years, the majority of studies have focused on property crime or violent crime 

(assaults, in particular), and have done so by investigating these patterns at the most 

aggregate temporal scale – seasons. As discussed further below, very few studies have 

investigated the temporal patterns of sexual violence in comparison to other crime types, 

and even fewer have done so considering more disaggregate temporal scales (i.e., 

monthly, daily, and hourly scales). Acknowledging the relatively exploratory nature of this 

area of research, the current study uses police recorded data to investigate the seasonal 

and intraweek patterns of sexual violence using a methodological approach rarely 

employed in the criminological literature. 
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4.3. Literature Review 

4.3.1. Theoretical Background 

Studies investigating the temporal patterns of crime have typically used two 

theoretical frameworks to explain this phenomenon: the routine activity perspective 

(Cohen & Felson, 1979) as well as heat aggression theory (Quételet, 1842). As noted 

elsewhere in this thesis, Cohen and Felson (1979) hypothesized that when the activity 

spaces of motivated offenders and potential victims overlap in the absence of capable 

guardians, criminal events occur. Thus, from this perspective, crime, and sexual violence 

in particular, appears to cluster during the summer season, warmer months, on 

weekends, and during nighttime hours because of increased opportunity for crime when 

people are outside of their home engaging in their routine or leisure activities (e.g., at 

drinking establishments with friends). In contrast, heat aggression theory offers a more 

psychological explanation for the variability in crime during certain times of the year 

(Breetzke & Cohn, 2012). Heat aggression theory posits that there is a positive 

relationship between temperature and aggression that is mediated by emotions such as 

frustration and discomfort (Breetzke & Cohn, 2012). Although several versions of this 

theory exist in the literature (for a review, see Breetzke & Cohn, 2012), they differ mainly 

on the nature of the curve between heat and aggression (Breetzke & Cohn, 2012).  

While the majority of previous researchers have not explicitly applied the link 

between heat and aggression as described above to temporal variations in sexual crime, 

they have recognized the possible role that circannual variations in testosterone (which 

is also likely tied to aggression, see Money, 1970; Rada, Laws, & Kellner, 1976) may 

have in the incidence of sexual activity. For example, early studies have found that both 

testosterone levels in men and sexual behaviour between married couples tends to peak 

in the summer season (e.g., Reinberg & Lagoguey, 1978; Udry & Morris, 1967), which 

incidentally overlaps with the time that the incidence of sexual crimes is highest. Rotton 

(1993) investigated this possibility by testing whether seasonal variation in rape, 

obscene phone calls, indecent exposure, and miscellaneous sexual offences was better 

explained by environmental or endogenous factors. Rotton (1993) concluded that 

temporal variations in these sex crimes was better explained by environmental, not 

endogenous, factors, as temperature was found to have a positive relationship with all of 

these sex crimes except for obscene phone calls. This, Rotton (1993) explained, was 
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probably because obscene phone calls could be committed inside the home where it is 

warm year-round. Although interesting, this conclusion was drawn from indirect analyses 

of the relationships between endogenous factors (operationalized as atmospheric 

variables) and sexual crime rates. Even Rotton (1993) noted himself that this 

relationship can only really be tested by questioning the offenders themselves about 

factors related to their affect and arousal before these crimes were committed. Despite 

this limitation, it is in agreeance with other studies that have supported the idea that 

sexual criminal behaviour is largely influenced by exteroceptive factors (e.g., Michael & 

Zumpe, 1983a), thus providing more support for the routine activity theory. 

4.3.2. Seasonality of Crime 

Dating back to the early 19th century, one of the first studies on the seasonal 

influence on crime was that done by a French civil servant, Guerry de Champneuf, who 

inadvertently found that interpersonal crimes peak in the summer, while property crimes 

peak in the winter (Guerry, 1833). Since that time, several researchers had also 

recognized the possibility of weather influences on crime (see, for example, Dexter, 

1904; Lombroso, 1912; Morrison, 1891; Quételet, 1842; Sutherland, 1947), and they 

also concluded that the incidence of these events against persons tended to be highest 

in the hottest months, and those against property maximized in the winter. However, it 

was not until the 1960s that researchers began to seriously investigate this relationship 

between weather and crime (Cohn, 1990). This sudden interest was largely driven by a 

series of riots in the United States where it was thought that they were caused by the 

summer heat (Cohn, 1990). Although the number of studies on this topic has flourished 

since this time, the findings have been all but consistent.  

For instance, mixed findings exist for property crimes as to whether there is a 

definitive seasonal pattern. Many researchers have observed that the incidence of 

crimes such as burglary and motor vehicle theft is highest in the summer season (see 

Anderson, 1987; Chimbos, 1973; Cohn & Rotton, 2000; Dodge, 1988; Dodge & 

Lentzner, 1980; Linning, Andresen, & Brantingham, 2016; McDowall, Loftin, & Pate, 

2012). However, some have found the opposite, in that it tends to peak during the winter 

(see Chang, 1972; Cohen; 1941; Farrell & Pease, 1994; Field, 1992; Landau & Fridman, 

1993; Van Koppen & Jansen, 1999), while others have found that there is limited, or no, 
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evidence of consistent seasonal trends for these types of crime (e.g., Andresen & 

Malleson, 2013a; Cohen et al., 2003; Farrell & Pease, 1994). 

Contradictory findings are also present for violent crime. The majority of studies 

on robbery have found that this type of crime tends to peak in the winter (e.g., Andresen 

& Malleson, 2013a; Landau & Fridman, 1993; McDowall et al., 2012). However, like the 

research done on burglary and motor vehicle theft, other researchers have found 

evidence of robberies peaking in the summer (e.g., Cohn & Rotton, 2000), or have found 

no peaks at all (e.g., Tompson & Bowers, 2013). Homicide and assault, however, are the 

crimes most studied in this literature (Linning et al., 2017). For homicide, many 

researchers have found that it peaks in the summer (see, for example, Anderson & 

Anderson, 1984; Anderson, Anderson, Dorr, DeNeve, & Flanagan, 2000; Anderson, 

Bushman, & Groom, 1997, 2002; Ceccato, 2005; Dexter, 1899; Hakko, 2000; Rotton & 

Frey, 1985), while others have found no clear links between temperature and the 

monthly number of homicides (see, for example, Cheatwood, 1988; Maes, Meltzer, Suy, 

& De Meyer, 1993; Michael & Zumpe, 1983a,b; Rotton & Cohn, 2003; Yan, 2000). 

Conflicting findings have also emerged for common and indecent assault, although less 

so than homicide. Most research has found that assault is most prominent during the 

summer months (e.g., Breetzke & Cohn, 2012; Cohn, 1990; Harries, Stadler, & 

Zdorkowski, 1984; Hird & Ruparel, 2007), however others have found no particular 

trends for this type of crime (e.g., Hipp, Bauer, Curran, & Bollen, 2004). Despite there 

being a smaller body of research examining the relationship between seasonality and 

sexual violence, more consistent findings have emerged. 

4.3.3. Seasonality of Sexual Violence 

Similar to the above cited studies that have observed seasonal patterns for both 

property and interpersonal crime – albeit mixed – a distinct seasonal pattern has been 

found for sexual violence. It has long been observed that this type of crime, too, peaks in 

the summer season, with most studies being conducted on the patterns of rape in 

particular (e.g., Chang, 1972; Dodge & Lentzner, 1988; Gabor & Gottheil, 1984; 

Hayman, Lanza, Fuentes, & Algor, 1972; Perry & Simpson, 1987; Smolensky, Reinberg, 

Bicakova-Rocher, & Sanford, 1980). For example, using the cosinar method, Michael 

and Zumpe (1983b) found that rapes in 14 different geographic locations in the United 

States occurred with a much higher frequency in the summer than in winter, generally 
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peaking between July 7 and September 8. Using the same methodological approach, 

Bicakova-rocher, Smolensky, Reinberg and De Prins (1985) found in their sample of 22 

rapes from France that 18 of them occurred during the span of July to October. Keating, 

Higgs, Willott, and Stedman (1990) similarly found in their British sample that the 

majority of rapes occurred during the summer season, with the number being highest in 

August followed by July, and the incidence being lowest in January and February. Even 

in the southern hemisphere there is clear empirical evidence of seasonality of sexual 

violence. Using the Analysis of Variance procedure with a sample of 11,844 cases of 

rape and sexual abuse9, Téllez, Galleguillos, Aliaga, and Silva (2006) found that this 

type of crime peaks in November (one month before the summer solstice) and troughs in 

June (winter solstice).  

Few studies have found evidence that contradicts this seasonality pattern of 

rape. In their analysis of rape and sexual assault rates in the United States between 

1993 and 2010, Lauritsen and White (2014) found no peak season as similar rates were 

observed between the summer and spring months. However, just like prior studies, they 

did find that the occurrence of this crime type was much higher in the summer months 

than both the winter and fall seasons (Lauritsen & White, 2014). Similarly, DeFronzo 

(1984) did not find a significant relationship between “days hot” (p. 190) (i.e., days with a 

maximum temperature equal to or greater than 90 degrees Fahrenheit) and the 

incidence of forcible rape in the 142 largest standard metropolitan statistical areas in the 

United States. Also in Amir’s (1971) study on forcible rape, he reported no statistically 

significant differences among the seasons for this type of crime; however, a re-analysis 

of his raw data by Cohn (1988) actually showed a distinct peak in July and a trough in 

February. Perhaps some of the conflicting results reported in these latter studies may be 

due, in part, to the geographic study areas sampled, as there may not be much seasonal 

variation in some parts of the country in comparison to others. 

Although the majority of these studies have focused on the seasonality of rape 

specifically, very few studies have examined the seasonality of other types of sexual 

                                                
9 Legally, the term ‘rape’ in Chile includes offences perpetrated against victims both over and under 
the age of 14 (Téllez et al., 2006). The term ‘sexual abuse’ is defined as “’any sexual act different 
from carnal knowledge of a person’. A sexual act is any act of sexual significance and relevance, 
carried out through body contact with the victim, or any act involving the victim’s genitals, anus or 
mouth without body contact” (Téllez et al., 2006, p. 70), and does not infer that the acts took place 
against child victims only as it typically does within the North American sexual violence literature. 
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violence. In addition to rape cases, Keating et al. (1990) examined reports of indecent 

assaults of females, and found that this type of violence showed a similar, but less 

precise, summer pattern in comparison to rape, while buggery and indecent assaults of 

males showed no seasonal trend. Using the Analysis of Variance technique, Rotton 

(1993) also studied other types of sexual offences in addition to rape, and found 

seasonal differences for obscene phone calls, indecent exposure, and miscellaneous 

sexual offences. However, these significant seasonal differences disappeared when 

Analyses of Covariance were run. Thus, more research is needed on the temporal 

patterns of (less serious) sexual crimes in addition to forcible rape, as they are arguably 

more common. While the literature on the seasonality of sexual violence is informative, 

at least academically, because the findings are relatively consistent across time periods 

as well as geographic areas, it is unclear how this knowledge is pragmatically useful for 

prevention purposes. In other words, knowing that sexual violence peaks in the summer 

season – a relatively lengthy period of time – may not have much practical value for 

stakeholders who affect policy, whether it be legislative, correctional treatment practices, 

or policing. Thus, just as researchers have recognized the importance of conducting 

analyses moving from aggregate to disaggregate spatial units as mentioned previously, 

some have recently acknowledged the utility of doing so across temporal units as well 

(i.e., seasonal to intraweek patterns). 

4.3.4. Intraweek Patterns of (Sexual) Crime 

While most of the criminological temporal literature has focused on the seasonal 

or monthly patterns of crime, research concerned with the intraweek rhythms, that is day 

of the week and time of the day, is sparse (Vaughan et al., 2017). In terms of day of the 

week, recent studies have found that violent crime – more generally – is highest on the 

weekend (see, for example, Ceccato & Uittenbogaard, 2014; Newton & Hirschfield, 

2009; Uittenbogaard & Ceccato, 2012). Andresen and Malleson (2015) investigated the 

intraweek temporal patterns of a variety of crimes in a Canadian context and found that 

assault peaked on weekends in comparison to weekdays, but other violent offences 

such as robbery and sexual assault had a random temporal distribution. The major 

conclusion to be drawn from Andresen and Malleson’s (2015) study was that intraweek 

temporal patterns should be studied by disaggregated crime types as they revealed 
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different rhythms than those observed when all of the crime data were aggregated 

together.  

In terms of the hourly patterns of crime, Uittenbogaard and Ceccato (2012) used 

the Kulldorff’s (2010) space-time cluster test to identify space-time clusters in Stockholm 

for both violent and property crime. Findings indicated that property crimes were more 

frequent during the daytime hours, peaking at 17:00 with troughs at 06:00, whereas 

violent crime tended to be more voluminous during the nighttime hours with an overall 

peak at 02:00 and trough at 06:00. Similarly, Ceccato and Uittenbogaard (2014) 

analyzed space-time clusters of crime in Stockholm’s underground transport network, 

and found that the majority of events over the three-year study period occurred between 

16:00 and midnight, with an overall peak between 20:00 and 21:00. Specifically, violent 

crime in the underground stations tended to occur during late evenings. In another study, 

Tompson and Bowers (2013, 2015) found that street robberies most frequently took 

place during the temporal window of 16:00 to 22:00 which represents the time of the day 

that experiences the most ‘darkness’. 

Some studies have examined the intraweek temporal patterns of sexual violence 

specifically. For example, Rotton (1993) found, using Analysis of Variance techniques, 

that there were significantly higher counts of obscene phone calls on Mondays and 

Wednesdays in comparison to Sundays. However, in their regression analysis, variables 

measuring day of the week did not explain any of the variance for rape, indecent 

exposure, and miscellaneous sexual offences. McLean (2007) analyzed one year of data 

from a sexual assault referral centre in Manchester, England, and found that across the 

seven days of the week, the number of sexual assaults gradually declined over the 

weekdays beginning with Monday, but peaked on Friday, Saturday, and Sunday (being 

the highest). And Ceccato (2014) descriptively examined the timing of outdoor rape 

events in Stockholm, Sweden, using different temporal scales differentiated by whether 

they occurred in the inner city or non-city centre. Findings indicated that at the seasonal 

level, inner city rapes were highest in the summer, but for those that geographically 

occurred outside of the city, there was no evidence of seasonality. In terms of day of the 

week and time of day, Ceccato (2014) found a distinct intraweek pattern in that the 

majority of both inner and outer city rapes took place during the evening – nighttime 

hours as well as on the weekends. The findings from this latter study are important for 

two reasons: (1) the time within the day of when these events occur most frequently is 
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reported, and this is something that is sparse within this literature; and, (2) they are 

largely representative of how ‘time’ variables within the sexual violence literature are 

reported. For instance, many studies dichotomize timing variables to be day of the week 

(i.e., weekday versus weekend) or time of the day (i.e., day versus night) using some 

arbitrary cut-off value, rather than reporting how these events fluctuate over the seven 

days of the week or 24 hours of the day. The current study attempts to methodologically 

account for this limitation by analyzing the intraweek temporal patterns of sexual 

violence using these units of analysis. 

As should be evident from the discussion above, the literature that examines the 

daily patterns of crime – and sexual violence in particular – is sparse, but the number of 

studies that have reported on the temporal nature of crime within the day are even 

fewer. This may be due, in part, to the methodological issues surrounding this type of 

analysis. First, scholars have debated how the ‘criminological day’ should be defined. 

For example, should it be defined according to the cut-off time of 00:00 of each day, or 

should it follow, more closely, what is known about crime? Namely, that it does not 

simply end once the clock strikes midnight (Felson & Poulsen, 2003). While Felson and 

Poulsen (2003) proposed that 05:00 is when the criminological day should begin, others 

have argued that 07:00 would be more appropriate to reflect shift changes of police 

agencies (Tompson & Townsley, 2010). Another issue concerns data availability and 

reliability. It is well known that most crimes go unreported to the police, and of those that 

are reported, the victim may not know the exact time of when the crime occurred (Felson 

& Poulsen, 2003). Ratcliffe and McCullagh (1998) termed these events ‘aoristic crimes’, 

and are more prevalent in analyses of property versus violent crime. A final issue 

concerns how temporal data should be analyzed. As demonstrated here, Analysis of 

Variance and other linear techniques have traditionally been used to test for mean 

differences of the number of criminal events within a unit of time (e.g., seasons, months, 

days, or hours). However, recent research has explored the utility, and perhaps, 

appropriateness, of using other techniques with cyclical data such as time within a 

criminological context (e.g., Wuschke, Clare, & Garis, 2013; Vaughan et al., 2017). For 

instance, Brunsdon and Corcoran (2006) argued that the use of circular statistics – 

techniques developed to be used with cyclical data – should be employed to analyze 

time, particularly daily cycles, and demonstrated their utility with police incident data of 

criminal damage and disorder/disturbance in Wales. Similarly, Ashby and Bowers (2013) 
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compared various methods for analyzing aoristic crime and found that the use of circular 

statistics produced the most accurate estimates of offence times in comparison to other 

commonly-used techniques. Thus, the current study aims to address some of these 

methodological limitations by employing circular statistical techniques to model police 

data of reported sexual violence at both the seasonal and intraweek level.  

4.4. Aim of the Study 

Given that any spatial analysis of crime should not be examined independent of 

time (see Andresen, 2010; Rossmo, 2000), the final phase of this doctoral research is to 

determine when sexual assaults took place within this large city in British Columbia. As 

outlined above, the majority of studies in this sparse literature has examined the 

temporal patterning of sexual assault at the most aggregate temporal scales of analysis: 

seasons and months. Few studies have examined the temporal patterns of this crime 

type at the daily level, and even fewer at the hourly level. As the findings from chapter 

two clearly showed the importance of spatial scale in the analysis of spatial patterns, it is 

thought that this argument equally applies to the analysis of temporal patterns of sexual 

assault. Therefore, it is important to test for the presence of temporal patterns at both 

aggregate and disaggregate temporal scales of analysis. To mediate the risk of drawing 

conclusions about temporal patterns based on an aberrant year of data, these analyses 

are conducted for each year between 2002 and 2006. In addition to each individual year, 

all five years of data are pooled together to simultaneously test whether or not temporal 

analyses should be conducted on aggregated data (as has typically been done 

previously). Thus, three research questions will be addressed in the current study: (1) is 

there a patterning with regards to when sexual assaults occur? (2) to what degree is 

there patterning when tested using smaller temporal scales of analysis? And, (3) are the 

temporal patterns consistent over time?  

4.5. Methodology 

4.5.1. Data 

The data used in the analysis are all founded calls-for-service from August 1, 

2002 to July 31, 2006 for a large city in British Columbia. These calls are obtained from 

PIRS, that is a police database used by the RCMP during this time period that contains 
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personal information on individuals who have been involved in any police contact, either 

as a complainant, victim, suspect, or a witness. The home locations of these individuals, 

information about the contact occurrence, and dates and times of the encounter are 

provided as well. All individual names have been de-identified from these police records, 

and data have been aggregated to non-identifiable levels before analysis. Using a series 

of SQL database queries, the population of police calls-for-service within this pre-

identified jurisdiction over this five-year period was identified. From these police 

contacts, all records that involved at least one of the Uniform Crime Report codes for 

sexual assault level 1 (n = 2,030), sexual assault level 2 (n = 28), sexual assault level 3 

(n = 23), and other sexual offences (n = 179), as defined by the Criminal Code, were 

selected (N = 2,260). The temporal data to be analyzed are the date (month/day/year) 

and time (hour/minute) of the crime event, and not the timing of when it was reported to 

law enforcement officials. 

4.5.2. Testing Methodology 

The current study analyzes the temporal patterns of sexual assault calls-for-

service at aggregate (i.e., all five-years of data pooled together) and disaggregate levels 

(i.e., each year analyzed separately) using four units of time: seasonal, monthly, daily, 

and hourly scales. These analyses are conducted using circular statistics. Circular 

statistics are a class of graphical and statistical methods that have been developed to 

analyze data that are circular in nature (Berens, 2009), such as time. Time is indeed 

circular in nature as its cycles repeatedly (e.g., 00:00 hours occurs every day, Monday 

repeats every week, and the month of January and the spring season repeat every 

year). Circular statistics consider the periodicity of temporal measurements in its 

calculations (Brunsdon & Corcoran, 2006). Within criminology, Ashby and Bowers 

(2013) argue that many researchers have used linear statistical techniques with 

temporal data (see, for example, Nelson, Bromley, & Thomas; 2001; Ratcliffe, 2002; 

Townsley, Homel, & Chaseling, 2000), but taking such an approach can give misleading 

results (Mardia, 1972). As such, this study uses two methodologies that fall under the 

branch of circular statistics: Rayleigh’s Z test and Watson’s U2.  

To illustrate the non-linear and cyclical nature of the temporal data, the data at 

each temporal scale are first displayed in circular plots and descriptive tables. Circular 

plots simply provide a visual aid for the reader by displaying the data in its descriptive 
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form, but they do not provide a statistical ‘test’ of similarity or dissimilarity of the number 

of sexual assault calls-for-service within a measurement of time (Vaughan et al., 2017). 

Descriptive tables report the data in cross-tabulated form. The tables are colour coded 

such that those seasons, months, day of the week, or hours of the day with high counts 

of sexual assault events are displayed in red, and those with low counts are displayed in 

blue. Because the descriptive tables present the same data but just in a different visual 

form, they are displayed in Appendix B as to not be repetitive in-text. Microsoft Excel is 

used to calculate both the circular plots and descriptive tables using the pivot table 

function. 

To address the first two research questions, Rayleigh’s Z test is used. Rayleigh’s 

Z test determines if a circular distribution is randomly or non-randomly distributed (from a 

statistical perspective) within a measurement of time. For this study, Rayleigh’s Z test 

determines if these crime events involving sexual violence are randomly distributed 

within all seasons (i.e., spring, summer, fall, and winter) and months (i.e., January to 

December) of the year, as well as all days of the week (i.e., Monday to Sunday) and 

hours of the day (i.e., 12:00 am to 23:00 pm). This test is conducted at each temporal 

scale when all data are pooled together (i.e., 2002 to 2006), as well as each individual 

year to see if any differences emerge. To address the third research question of whether 

the temporal patterns are consistent from year-to-year, Watson’s U2 test is used. 

Watson’s U2 test is a non-parametric test of whether the distributions of two circular sets 

of data are statistically different (e.g., distribution of sexual assaults in the spring season 

of 2002 are (dis)similar to the distribution of sexual assaults in the spring season of 

2003) (Wuschke et al., 2013). Much like the procedure used with Rayleigh’s Z test, pair-

wise comparisons are made between the aggregated data and each individual year, and 

then all individual years (i.e., all possible pair-wise comparisons between 2002 and 

2006) at each temporal scale. All statistical calculations for Rayleigh’s Z tests and 

Watson’s U2 tests are performed in Microsoft Excel. 

For this study, the definition of meteorological seasons rather than astronomical 

seasons is used so that the results of the current study can be compared directly with 

those of prior work that has used these same cut-off points. Accordingly, seasons are 

defined as: 1 = spring (March 1 – May 31); 2 = summer (June 1 – August 31); 3 = fall 
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(September 1 – November 30); and, 4 = winter (December 1 – February 2810). At the 

monthly level, an event that took place between the first and the last day of each month 

is coded accordingly. Months of the year range from 1 = January (1 to 31) to 12 = 

December (1 to 31). Because there is not yet a consensus as to how the ‘criminological 

day’ should be defined, especially for cases of sexual violence, the decision is made to 

use the calendar day and the actual time of day for the daily and hourly analyses. As 

such, days of the week range from 1 = Sunday to 7 = Saturday, where 00:00 to 23:59 

are used as cut-off points for each day. Hours of the day are coded from 0 = 00:00 to 23 

= 23:00. Although the choice of cut-off points has theoretical value, it is important to 

keep in mind that the coding labels are rather arbitrary since circular data do not have 

start and end points. 

4.6. Results 

4.6.1. Descriptive Tables and Circular Plots 

To address the first and second research questions of whether there is a 

temporal patterning to sexual assaults, and how it differs when tested at different 

temporal scales, a series of descriptive tables and circular plots were first analyzed. 

Data are presented at different temporal scales for all five years (pooled) as well as the 

individual years so as to make it easier for the reader to visually see how the patterns 

change (or not) over time. Because the descriptive tables present the same data but just 

in a different visual form, they are displayed in Appendix B as to not be repetitive in-text. 

The circular plots describing the timing of sexual assaults at the seasonal level are 

presented in Figure 4.1. It is immediately evident that the majority of sexual assaults 

occurred during the summer season, both when referring to the pooled data as well as 

the individual years. In 2005 there is also a high count of sexual assaults in the Fall, and 

in 2006, high counts of sexual violence were experienced in the Spring as well. 

                                                
10 During this five-year period, there was one leap year: 2004. During this year, if a sexual assault 
took place on February 29, the decision was made to code this event as taking place in the winter 
season. 
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Figure 4.1. Circular plots of counts of sexual violence at the seasonal level. 

Figure 4.2 displays the circular plots of sexual assaults at the monthly level. 

Although there is more variation in when sexual assaults took place at the monthly in 

comparison to the seasonal level, there still does appear to be a patterning in that the 

majority of sexual assaults occurred during the months of March, May, June, July, 

August, and September. Few sexual assaults took place during the winter months 

between October and February. However, the exception to this is the circular plots from 

2002 and 2003 that show peaks in the number of sexual assaults in the month of 

January followed by troughs in the month of February. 
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Figure 4.2. Circular plots of counts of sexual violence at the monthly level. 

Figure 4.3 displays the counts of sexual assaults that took place on each of the 

seven days of the week. Interestingly, findings indicate that sexual assaults tended to 

peak during midweek rather than on the weekends. Specifically, sexual assaults 

occurred most frequently between Tuesdays and Thursdays of every week, with some 

years experiencing deviations and showing high counts on Fridays as well (specifically, 

2002 and 2003). Although there does appear to be a pattern over this five-year period of 

sexual assaults having occurred during midweek rather than Friday, Saturday, and 

Sunday, it is important to keep in mind that there is much variation in the counts of these 

events for each of these days when examined at the individual year level. 
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Figure 4.3. Circular plots of counts of sexual violence at the daily level. 

The circular plots for the most disaggregate temporal unit of analysis – hourly 

patterns – are displayed in Figure 4.4. A visual inspection of these plots indicates that 

again, the counts of sexual assaults that took place differ depending on what year of 

data is being analyzed. For instance, in 2002 and 2003, sexual assaults primarily took 

place between the hours of 9:00 and 16:00. Similar findings emerged in 2004 as well, 

with a spike in the number of incidents having occurred at 19:00 and 22:00. In 2005, 

sexual assault incidents primarily occurred between the hours of 11:00 and 17:00, as 

well as between 20:00 and 21:00. Lastly, in 2006, sexual assaults primarily occurred 

between the hours of 8:00 and 16:00, as well as at 18:00 in the evening.  
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Figure 4.4. Circular plots of counts of sexual violence at the hourly level. 

4.6.2. Rayleigh’s Z Tests 

Although informative and descriptive in nature, the circular plots presented above 

did not provide a test of significance that would allow for conclusions to be made about 

whether the sexual assault events were uniformly distributed around each measure of 

time. To test for this significance, a series of Rayleigh’s Z tests were calculated. Findings 

from these analyses are provided in Table 4.1. Findings indicate that when the data for 

all five years are pooled together, there were statistical differences across the seasons 

(Z = 8.68; ***p < .001), months (Z = 9.70; *p < .001), days (Z = 5.51; **p < .01), and 

hours of the day (Z = 150.17; ***p < .001), meaning that there was a directional trend to 

when sexual offences occurred at all four levels, and that this patterning was not random 

in nature. However, when each year was examined individually, there were statistical 

differences in when sexual violence occurred at the seasonal [Z(2003) = 3.01; *p < .05; 

Z(2004) = 3.57; *p < .05; Z(2005) = 4.06; *p < .05], monthly [Z(2004) = 8.90; ***p < .001; 
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Z(2004) = 3.62; *p < .05; Z(2006) = 4.07; *p < .05], and hourly level [Z(2002) = 25.59; 

***p < .001; Z(2003) = 26.56; ***p < .001; Z(2004) = 43.86; ***p < .001; Z(2005) = 34.72; 

***p < .001; Z(2006) = 24.94; ***p < .001], but not for the days of the week. 

Table 4.1. Rayleigh’s Z for seasons, months, days, and hours, 2002-2006. 
 All Years 2002 2003 2004 2005 2006 
Seasons 8.68*** 

(168.05) 
1.77 
(156.25) 

3.01* 
(165.58) 

3.57* 
(146.31) 

4.06* 
(172.23) 

0.76 
(-)a 

Months 9.70*** 
(202.89) 

0.06 
(171.41) 

1.85 
(196.67) 

8.90*** 
(208.97) 

3.62* 
(255.59) 

4.07* 
(151.95) 

Days 5.51** 
(198.79) 

0.88 
(251.03) 

1.30 
(211.06) 

1.59 
(209.50) 

1.85 
(178.23) 

1.51 
(165.63) 

Hours 150.17*** 
(218.22) 

25.59*** 
(217.51) 

26.56*** 
(212.31) 

43.86*** 
(222.99) 

34.72*** 
(229.89) 

24.94*** 
(204.71) 

Note: Mean angles are provided within parentheses. *p < .05; **p < .01; ***p < .001.  
aMean angle could not be calculated. 

4.6.3. Watson’s U2 Tests 

Findings from the Watson’s U2 analyses across time for the seasonal, monthly, 

daily, and hourly variations are presented in Tables 4.2. through 4.5. For the seasonal 

pairwise comparisons, findings from Table 4.2. indicate that when compared to the data 

where all years are pooled together, significant differences emerged for each individual 

year of temporal data [U2 (2002) = 1.61; p < .001; U2 (2003) = 1.62; p < .001; U2 (2004) = 

1.92; p < .001; U2 (2005) = 1.82; p < .001; U2 (2006) = 1.41; p < .001]. These findings 

may provide an indication that yearly data should not be aggregated when investigating 

patterning at this temporal scale. When comparing just individual years, findings indicate 

that sexual offences that occurred between 2002 and 2005 occurred in the same season 

every year (summer, as shown by the Rayleigh’s Z mean angle) as evidenced by the 

insignificant Watson’s U2 statistics. However, in all pairwise comparisons with those 

sexual offences that took place in 2006, significant differences did emerge. In other 

words, the sexual offences that occurred in 2006 took place in a different season(s) than 

those that took place in 2002 (U2 = .17; p < .10), 2003 (U2 = .16; p < .10), 2004 (U2 = .29; 

p < .01), and 2005 (U2 = .16; p < .10). 
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Table 4.2. Watson’s U2 statistics comparing the seasonal distribution of sexual 
assault calls-for-service, 2002-2006. 

 2002 2003 2004 2005 2006 
All Years 1.61*** 1.62*** 1.92*** 1.82*** 1.41*** 
2002  .01 .03 .03 .17+ 
2003   .06 .02 .16+ 
2004    .05 .29** 
2005     .16+ 

*p < .05; **p < .01; ***p < .001. 

Findings comparing the monthly distribution of sexual offences at both aggregate 

and disaggregate time periods are presented in Table 4.3. Similar to the seasonal 

comparisons above, significant differences were found at the monthly level between the 

data where all years are pooled together and each individual year [U2 (2002) = .27; p < 

.01; U2 (2003) = .25; p < .05; U2 (2004) = .29; p < .01; U2 (2005) = .19; p < .05; U2 (2006) 

= .39; p < .001]. Significant monthly variations were also found between the years 2002 

versus 2004 (U2 = .22; p < .05), 2003 versus 2005 (U2 = .17; p < .10), and 2005 versus 

2006 (U2 = .25; p < .05). All other pairwise comparisons (i.e., 7 of 10) were insignificant 

suggesting that sexual violence peaks and troughs in the same month(s) from year-to-

year.  

Table 4.3. Watson’s U2 statistics comparing the monthly distribution of sexual 
assault calls-for-service, 2002-2006. 

 2002 2003 2004 2005 2006 
All Years .27** .25* .29** .19* .39*** 
2002  .03 .22* .14 .09 
2003   .06 .17+ .05 
2004    .14 .12 
2005     .25* 

*p < .05; **p < .01; ***p < .001. 

Findings from the pairwise comparisons of the daily distribution of sexual 

offences are displayed in Table 4.4. As with the seasonal and monthly distributions of 

sexual offences, significant differences were found at the daily level when the pooled 

data were compared to each individual year [U2 (2002) = .27; p < .01; U2 (2003) = .25; p 

< .05; U2 (2004) = .29; p < .01; U2 (2005) = .19; p < .05; U2 (2006) = .39; p < .001]. 

Findings from the pairwise comparisons between the years 2002 to 2006 indicate that 

sexual assaults occurred on the same day(s) of the week over time as no significant 

differences emerged. 
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Table 4.4. Watson’s U2 statistics comparing the daily distribution of sexual 
assault calls-for-service, 2002-2006. 

 2002 2003 2004 2005 2006 
All Years .49*** .50*** .52*** .64*** .67*** 
2002  .02 .03 .04 .08 
2003   .04 .02 .03 
2004    .02 .06 
2005     .03 

*p < .05; **p < .01; ***p < .001. 

Lastly, findings from the pairwise comparisons at the hourly level are displayed in 

Table 4.5. Overall, findings from the majority of the pairwise comparisons indicate that 

sexual assaults occurred during the same hour(s) of the day. The only statistically 

significant differences were between all of the years pooled together and 2003 (U2 = .16; 

p < .10) and 2006 (U2 = .28; p < .01), as well as the pairwise comparison between 2005 

and 2006 (U2 = .17; p < .10), meaning that sexual assaults occurred at different times of 

the day between only these years. These results provide further support for examining 

temporal trends at disaggregate temporal scales as these results would have been 

masked if only daily, monthly, or seasonal trends were examined. 

Table 4.5. Watson’s U2 statistics comparing the hourly distribution of sexual 
assault calls-for-service, 2002-2006. 

 2002 2003 2004 2005 2006 
All Years .09 .16+ .11 .08 .28** 
2002  .02 .07 .05 .04 
2003   .11 .09 .02 
2004    .03 .19 
2005     .17+ 

*p < .05; **p < .01; ***p < .001. 

4.7. Discussion 

This study employed circular statistics – a methodology that should be used with 

data that are circular in nature but one that is rarely used in the field of criminology – to 

analyze the distribution of sexual assault events that occurred in a large city in British 

Columbia around four units of time: seasons, months, days, and hours. This is the first 

study to my knowledge that used these techniques to examine the variation in the timing 

of sexual violence at all temporal scales using one dataset, as well as over annual 

measurements. In addition, this study simultaneously tested for significant temporal 

patterning using both pooled yearly data as well as individual years. Both of these 
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analyses were conducted for two reasons: (1) from a methodological perspective to test 

whether the temporal patterning found with aggregated data are valid, or whether testing 

should be done on a year-by-year basis; and, (2) to test the reliability of these patterns. 

Both criteria need to be established if any meaningful suggestions are to be made 

regarding the prevention of sexual violence from a temporal perspective.  

Overall, and to answer the first research question more generally, the findings 

suggest that there is a patterning with regards to when sexual assaults occur. However, 

the nature of these patterns differed when tested using smaller temporal scales of 

analysis. At the most aggregate temporal scale – seasons – the findings are largely in 

line with previous literature from the United States, Europe, and South America (e.g., 

Keating et al., 1990; Michael & Zumpe, 1983b; Téllez et al., 2006) that has similarly 

found that sexual violence peaks during the summer season. This finding was expected 

since the majority of the literature has concentrated on this temporal scale and the 

pattern seems to hold across various time periods as well as geographical areas around 

the world. Results from the monthly patterns, too, revealed that sexual offences within 

this city occurred during the warmer months of the year, mainly from March to 

September. Thus, these findings simply contribute to the validity and reliability of 

previous studies by observing the same patterns, all the while using a different statistical 

technique as well as Canadian data where the weather is arguably more variable in 

comparison to other parts of the world. Similar to what was noted by Rotton (1993), it is 

risky, and potentially erroneous, however, to speculate about why these seasonal and 

monthly patterns exist in the absence of speaking directly with those involved in the 

event, especially if one is considering psychological or physiological factors as 

explanations. However, it is at least plausible that any one, or a combination, of the 

theoretical frameworks discussed above (i.e., routine activity theory, heat aggression 

theory, as well as increases in testosterone levels) could explain the variation observed 

here. This is surely a direction for future research to be able to test these hypotheses 

more directly. 

In terms of intraweek patterns, it was interesting that from a statistical standpoint, 

the distribution of sexual offences across the days of the week are random. Indeed, no 

statistically significant results emerged at this temporal scale, despite the circular plots 

and descriptive tables suggesting that sexual violence peaked midweek; Wednesdays in 

particular. Regardless, the mere fact that no significant clustering during the weekend 
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(i.e., Fridays, Saturdays, and Sundays) was found certainly challenges commonly-held 

beliefs about when people are most at-risk for being victims of sexual crimes. Perhaps 

one explanation for the discrepancy between the findings of the current study and those 

of previous research that has found clear peaks on the weekends is the nature of the 

data used. For instance, Ceccato (2014) found clear peaks for this type of crime on 

weekends during nighttime hours; however, she used crime event data specifically on 

rapes, and particularly those that took place outdoors, which are far more likely to be 

committed by strangers than non-strangers to the victim (Bownes, O’Gorman, & Sayers, 

1991; Ceccato, 2014). Other researchers have similarly reported that sexual assaults 

occur more frequently on the weekends and during the evening hours (e.g., Warren, 

Reboussin, & Hazelwood, 1995), but they, too, analyzed data collected from serial 

stranger sexual offenders who, from a rational choice perspective (see Cornish & Clarke, 

1986), are more likely to hunt during certain days of the week (i.e., weekends) when 

there are increased opportunities to find suitable victims, and times of the day (i.e., 

nighttime) when the risk of being apprehended are low. Although useful, these studies 

do not represent the most common circumstances of sexual violence; that being, crimes 

that are perpetrated by someone known to the victim (e.g., friend or family member – 

Farkas & Stinchcomb, 2002; Lafond, 1998; Langan, Schmitt, & Durose, 2003). In these 

cases, because the victim is more easily accessible to the offender (e.g., if he/she lives 

with the perpetrator), one would expect there to be more variation during the week of 

when these crimes would take place. Because the current study analyzed police event 

data and not the individuals involved in it, it was not possible to dichotomize events 

based on offender – victim relationship that would allow for further insight into this 

patterning. However, given the nature of the findings, it is hypothesized that the majority 

of the events in the current sample were perpetrated by someone known to the victim 

thus possibly explaining the variation found here. Another possible explanation for the 

random patterns found at the daily level in the current study is the fact that there is a 

wide range of sexual acts that could be scored as level one sexual assault in Canada, 

and these events comprised the majority of the sample. These acts range from 

unwanted sexual touching to penetrative acts (Criminal Code, 1985, s. 271), but it is 

noteworthy because many of the previous intraweek studies on sexual violence have 

focused on penetrative acts specifically (i.e., rape). Thus, the insignificant patterns found 

here may be the product of aggregating across types of sexual violence, some of which 

are much easier to commit than others, especially in terms of opportunity and the 
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amount of time required (e.g., no contact or sexual contact behaviours; see Hewitt & 

Beauregard, 2014a), rather than focusing on a particular act. This finding not only 

echoes the conclusion made by Linning et al. (2017) about the importance of 

disaggregating by crime type in these sorts of analyses, but extends it by suggesting that 

disaggregating within crime types may be just as important as well. 

Unlike what was found for days of the week, a very clear hourly pattern emerged, 

that is, that most sexual offences occurred during daylight hours between 11:00 and 

16:00. This was an interesting finding especially since it contradicts the majority of the 

results reported in the literature cited above. However, in his study of the characteristics 

of sexual assaults reported to law enforcement, Snyder (2000) found that sexual 

offences against non-stranger persons under the age of six showed two temporal 

patterns: (1) a gradual increase in the hours leading up to 15:00 with an immediate 

decline after this time, and (2) peaks at 08:00, 12:00, and 18:00, which were 

hypothesized to be because these hours overlapped with traditional meal times. The 

hourly patterns of sexual violence involving adult victims was found to be very different, 

with noticeable increases in the evening and early morning hours (Snyder, 2000). Thus, 

the hourly patterns observed in the current study might be explained by the fact that the 

majority of the victims involved children, who require the assistance of adults at certain 

times of the day (thus providing opportunities for offending). This hourly pattern also 

overlaps with the time of the day in which the majority of school-aged children are let out 

from the confines of school, thus providing even more opportunity for offending at this 

time since they are being released from the care of place managers at the school as 

they find their way home or to other capable guardians. Thus, it would be fruitful to 

further explore the situational factors and activities of the victims involved in these 

events to determine what situations preceded the offences. 

Taken together, it is argued that the intraweek findings (both daily and hourly) 

from this study can be largely interpreted through the routine activity perspective (see 

Cohen & Felson, 1979) rather than any other theoretical model. First, the finding that 

sexual assaults occurred randomly throughout the week – although with insignificantly 

higher counts midweek – might be explained by the fact that for most people, the types 

of activities that they engage in during each weekday are largely the same. That is, most 

individuals’ schedules are structured such that they are expected to be in the same 

geographic places between set times most days of the week except for weekends (see 
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Ratcliffe, 2006). Thus, from a daily perspective, it is unsurprising that no clear and 

significant pattern emerged as the opportunities for crime are constant when examined 

at this resolution. However, more hourly variation for crime within the day may be 

expected, as is found here, as Brantingham and Brantingham (1984) noted that the 

availability of potential offenders and victims changes for many locations within this unit 

of time. Even within blocks of time of when routine activities take place, one can expect 

fluctuations in available criminal opportunities (e.g., within a school day from 08:00 to 

15:00, there may be less supervision during recess or lunch hour than when children are 

confined to the classroom, thus increasing the risk for potential victimization during these 

micro units of time). These variations within the day, however, are masked unless time is 

analyzed at the finest cone of resolution. 

Another point worthy of discussion is the differences that emerged at each 

temporal scale depending on whether the pooled or yearly data were analyzed. Across 

all temporal scales, when the data were aggregated, significant patterns emerged. 

Interestingly, when referring to the mean direction, it was quite comparable to that found 

across individual years at the seasonal and hourly scales, meaning that pooling the five 

years of data at each of these scales points to similar conclusions as those that emerge 

from analyses of each individual year. Although also significant, the mean direction 

reported for the aggregate data at the monthly and daily scales appears to be quite 

different than those found across the individual years. Together, these findings suggest 

that from a methodological standpoint, possibly misleading conclusions about the most 

dangerous times of sexual violence at these two scales would be made if only pooled 

yearly data were analyzed. This is especially true at the daily level where the aggregated 

data suggests that there is a significant daily pattern, but when analyzed year-by-year, 

no such pattern emerges. Although this needs replication, for now, it should serve as a 

cautionary finding to future researchers. 

The final objective of this study was to determine whether the temporal patterns 

at each scale were consistent over time. Overall, when the data were analyzed year-by-

year, the majority of the findings from the Watson’s U2 analyses indicated that the timing 

of sexual violence seasonally, monthly, daily, and hourly did not change. The only 

exception to this was the pairwise comparisons between 2006 and the previous years at 

the seasonal level, that may indicate this was an aberrant year. This finding serves to 

highlight the potential dangers of drawing conclusions about temporal patterns based on 



103 

only one year of crime data. More generally, of those pairwise comparisons that did 

indicate significant differences at each scale, they were largely between the distributions 

of the aggregated temporal data (i.e., all five years pooled together) and each individual 

year. This suggests that there was such a high degree of yearly variation that when 

averaged over time, it was very different to that observed in 2002, 2003, 2004, 2005, or 

2006. Hence, potentially misleading conclusions will be drawn about the nature of the 

temporal patterning when only aggregated data are considered. This was true at the 

seasonal, monthly, and daily levels, but interestingly, not for the hourly patterns. In fact, 

hardly any significant differences emerged at the hourly level, that indicates two things: 

(1) that the true nature of the hourly patterning of sexual violence can be gleaned from 

aggregated yearly data as there is very little variability from year-to-year, and (2) that the 

findings emerging from this temporal scale have the highest degree of reliability, 

meaning that any prevention-based policies or recommendations that take into account 

the most dangerous times for sexual violence should be based on the findings from this 

scale. 

4.8. Conclusion 

The current findings support the overall conclusion made in chapter two of this 

thesis on the spatial patterning of sexual violence, as well as that recently emerging from 

the crime and place literature; that is, the importance of examining crime patterns using 

the smallest scale of analysis possible. Indeed, distinct temporal patterns emerged at the 

seasonal, monthly, and hourly levels, with the highest degree of consistency being found 

for the latter over this five-year period. It is thought that these findings first have 

methodological implications. In line with Robinson’s (1950) ecological fallacy, it is 

unlikely that these findings – with such a high degree of precision – would have emerged 

if the data had not been disaggregated at finer temporal cones of resolution as well as 

yearly over this study period. Thus, the current findings not only push the seasonality 

and intraweek temporal patterns of sexual violence literature forward as they are much 

more specific as to when this type of crime occurs, but it shows that researchers should 

be collecting and analyzing data specific to the time and date of the event, rather than 

immediately aggregating and dichotomizing data, whenever possible. Moreover, different 

conclusions about the nature of these temporal patterns emerged when the yearly data 

were aggregated versus analyzed annually for three of the four temporal scales (i.e., 
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seasonal, monthly, and daily levels). This indicates that methodologically, when 

researchers have access to multiple years of temporal data, it is best not to aggregate 

them together but to analyze the patterns separately to avoid misleading conclusions, 

unless the hourly patterns are the temporal unit of measurement. And lastly, these 

findings show the applicability of a different branch of statistics to criminological data that 

is rarely seen in this literature. Thus, this study might be used as a springboard for 

researchers to use the methods employed here in future studies.  

Practical implications for prevention are also worthy of discussion. In terms of 

primary and secondary prevention, these temporal findings inform law enforcement 

officials of when sexual offences are most likely to take place throughout the year. This 

has implications for police practices, where not only should officers be patrolling those 

areas that are at higher risk for sexual violence as discussed in study two of this thesis, 

but they should be doing so at the times when these offences are most likely to occur. 

These findings may also help to better inform police scheduling, particularly for 

detectives working in serious crime units, as it may be worthwhile to increase staff during 

the seasons and months of the year, as well as the hours of the day when sexual 

assaults are expected to peak (particularly the summer season, mid-day). This 

information may also be useful to those in place manager or other guardianship 

positions of individuals at risk for sexual violence (e.g., school principals, bar or 

restaurant managers, babysitters and/or parents). By knowing those times at which the 

risk for contact with potential offenders is the greatest, extra guardianship measures can 

be put in place in high-risk places to reduce the availability of opportunities for such 

crimes. Strategies here may include increased supervision in school yards or other 

activity nodes where potential victims may congregate during peak periods, and/or 

ensuring children and vulnerable adults are not left alone with individuals who are not 

well-known to the family during these times in cases of non-stranger assaults. These 

findings may also be due, in part, to the fact that there is less supervision of vulnerable 

individuals during these hours of the day, or potential victims themselves are less 

cautious of their surroundings during these times, as they generally do not instill the 

same amount of fear of victimization as do nighttime hours. However, these results lend 

to the idea that these hours are equally, if not more so, dangerous. 

In terms of tertiary prevention, at the most basic level, it is suggested that a 

temporal element, in addition to space, be worked into legislation such as residence 
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restrictions and the GPS monitoring of sexual offenders. Findings here clearly reveal that 

there are certain seasons and months of the year, as well as hours of the day (and days 

of the week to a lesser extent), when few, if any, sexual assaults occur. Thus, legislation 

that presumes that the risk of sexual offending is uniform across time may be 

unnecessarily monitoring released offenders during periods when they are unlikely to 

offend. By ensuring that offenders are monitored during the times that they are at the 

highest risk of offending (i.e., during warmer months particularly between the hours of 

11:00 to 16:00), and perhaps less so during low-risk times (colder months during the 

evenings and throughout the early hours of the morning), community supervision 

resources such as parole officers as well as GPS monitoring program staffing resources, 

may be better allocated. This is especially true since recent research has found that 

many of the alerts generated by GPS monitoring are caused by the limitations 

associated with this technology rather than by actual offender violations of their parole or 

probation orders (Armstrong & Freeman, 2011). Thus, by restricting the use of GPS 

monitoring to the most at-risk times, rather than the entire day, fewer false alarms may 

be reported, which in turn reduces the workload burden placed on community 

supervision departments, thereby allowing them more time and resources to properly 

investigate those offenders actually at risk of sexual recidivism. In terms of residence 

restrictions, the same argument applies. Instead of physically restricting offenders from 

certain high-risk locations at all times, perhaps it is more fruitful to restrict them from 

these places during only the most dangerous times, particularly those early afternoon 

hours. Not only might this serve to better protect potential victims, but it may also help in 

the slow reintegration of convicted sexual offenders back into society, many of whom, 

contrary to popular belief, do not go on to sexually recidivate (e.g., Hanson & Bussiere, 

1998). Rather than completely banning offenders from certain places, which has shown 

to cause substantial hardship for released offenders (e.g., shortage of housing, lack of 

access to employment and treatment options; Minnesota Department of Corrections, 

2003), thus potentially perpetuating the problem, it may be more worthwhile to restrict 

them only during certain times. In doing so, it would allow offenders access to resources 

and other opportunities in line with the Good Lives Model of offender rehabilitation that 

would allow them to carry out their life in prosocial ways. And lastly, this information may 

also be useful within correctional settings in terms of offender treatment programs. As 

mentioned previously, one of the areas addressed in these treatment programs is 

identifying situational factors, including places, that are potential triggers for each 
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offender upon release, and ways to avoid them. In doing so, the spatial decision-making 

underlying offenders’ criminal behaviour is put at the forefront with less emphasis placed 

on the temporal patterns that facilitated these criminal outcomes. The findings from this 

study simply serve to show that treatment providers should put as much emphasis on 

the role that time, in addition to geography, play in the offending process of sexual 

offenders, and incorporate this aspect into future coping strategies (e.g., identifying 

places to avoid and at certain times). 

Of course, this study is not without limitations. First, and perhaps most obviously, 

the patterning observed here could reflect the recording habits of police (see Farrington 

& Dowds, 1985) and/or the reporting practices of victims. For example, there are several 

reasons why acts of sexual violence are not reported to the police (for a review, see 

Felson & Paré, 2005), but when they are, the police may be informed several hours, 

days, weeks, or months after they occurred, with longer delays being characteristic of 

assaults perpetrated by known offenders (Smith et al., 2000). Thus, data relating to the 

hour or day of the event may be unknown to the victim, particularly if it spanned several 

hours. However, it is curious that even in the face of this limitation, the temporal pattern 

at the hourly scale was most pronounced, as well as consistent over time, when if 

memory recall really was an issue, one would expect there to be more variability at this 

scale. The second limitation concerns the location of the city examined in the current 

study as it is located in a rather temperate climate and thus does not experience 

extreme weather and temperature variations between the fall and winter months, which 

may have had an impact on the findings at the monthly level. This limitation simply 

echoes the suggestions made by Linning et al. (2016) that temporal analyses should be 

replicated in other local settings that experience more variable weather patterns to see 

how the findings would compare.  

There are also a number of directions for future research. Perhaps the most 

natural next step is to investigate why these patterns emerged, especially those at the 

hourly level, given that they repeated with such consistency over time. Another avenue 

of future research would be to further disaggregate the current sample by type of sexual 

offence to determine if other temporal patterns emerge that differ from those found here. 

This would serve to potentially inform police of when sexual offences of the most serious 

degree (i.e., sexual assault level two or three) that would require more police resources 

are likely to take place, although this may be difficult due to low base rates. It would also 
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be of interest to link the event data with the subjects involved as much of the temporal 

patterns found here could be explained from a routine activity (Cohen & Felson, 1979) 

perspective by determining the age of the victim involved. For instance, depending on if 

the victims were children or adults, it may allow for speculation about why sexual 

violence peaked at certain times of the day or days of the week depending on the most 

probable routine activities of individuals in each developmental group. From a 

methodological perspective, it would be interesting to replicate the current analyses 

using linear statistical techniques that have traditionally been used in the seasonality of 

crime literature (e.g., Analysis of Variance, cosinar method) to see if the findings differ. 

Although methodologies falling under the umbrella of circular statistics should 

theoretically be used for data that are cyclical in nature to avoid misleading results, it 

would be interesting to empirically test whether or not this is actually the case using 

sexual assault data. 
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Chapter 5.  
 
Conclusion 

As stated by Sherman (1995), mainstream criminologists (and sexual violence 

researchers in particular), have mainly focused on the question of: ‘who done it?’ rather 

than ‘where done it?’ Focusing on the latter, this thesis utilized police incident data for all 

reported sexual offences that occurred over a five-year period within a large city in 

British Columbia. Drawing on the environmental theories of crime, namely, crime pattern 

theory, as well as social disorganization theory that has traditionally been used to guide 

neighbourhood-level analyses of crime, this thesis analyzed the spatial and temporal 

patterns of sexual violence taking into account previous research that has emphasized 

the importance of conducting these analyses at the most disaggregate scales. Moreover, 

this thesis employed research methods for both the spatial and temporal analyses that 

allowed for the stability of these patterns to be tested over five consecutive years. These 

latter analyses are important for better informing policing strategies and policy 

development as any suggested changes based on findings from only one year of data 

run the risk of being ineffective at best, and incorrect at worst, because the data could 

reflect an aberrant year. Overall, findings from all three research chapters certainly 

contribute to, but also question, our current understanding of the spatial and temporal 

nature of sexual violence.  

First, the results from chapter two clearly show that sexual violence does not 

randomly occur nor is it evenly distributed throughout space. Rather, findings indicated 

that sexual violence is incredibly concentrated within this city, and that this degree of 

concentration remains the same when examined from year-to-year at either the census 

tract, dissemination area, dissemination block, or street segment (and intersection) level. 

However, the degree of concentration is most apparent at the street segment (and 

intersection) level, emphasizing and confirming Sherman et al.’s (1989) point that there 

are indeed ‘dangerous’ streets (for sexual violence) in ‘safe’ areas. While the degree of 

concentration at all scales across the study period was fairly consistent, curiously these 

concentrations shifted from year-to-year. In other words, sexually dangerous places 

exist, but unlike what the crime and place literature would predict, new dangerous places 

emerged while others experienced a cooling off of this type of criminal behaviour. While 



109 

the reasoning for this is currently unknown, the high degree of concentration of these 

events naturally led to the next question of: what is it about these places with high 

concentrations of sexual assaults that made them susceptible to this type of violence?  

Chapter three addressed this question by identifying physical and social 

characteristics of these sexual assault places. Findings revealed that both the crime 

pattern and the social disorganization perspectives, as well as the presence of certain 

sexual place attractors, provided insight into the nature of these places. These findings 

were simultaneously confirmatory and exploratory. In regard to the former, the empirical 

evidence from this study confirmed that places such as liquor-serving establishments 

and schools, places often thought to pose risk for this type of crime, are actually 

associated with the incidence of sexual violence as well as where it occurs, at least 

within the context of this local city. In regard to the latter, this study also highlighted 

characteristics of these places that are not often thought to have a relationship with 

sexual crimes specifically, such as the socio-demographic and socio-economic 

composition of the area. This new insight provides support that elements of the social 

disorganization perspective should be included in future analyses of the geography of 

sexual crimes, at least in addition to opportunity theories such as those underscoring 

crime pattern theory.  

Lastly, chapter four complemented the findings of the previous chapters by 

investigating sexually dangerous times at the seasonal, monthly, daily, and hourly 

scales, and the reliability of this patterning across five consecutive years. This was an 

important contribution to the sexual violence literature specifically because it moved 

beyond just the descriptive nature of temporal data reported in previous studies by 

employing a different method, but it also examined these patterns at the finest cone of 

resolution. Interestingly, a clear temporal pattern emerged that was most pronounced at 

the hourly level. Findings from this study conflicted with the times that are typically 

thought of as being the highest risk for sexual violence: nights and weekends. Instead, it 

was found that sexual violence is randomly distributed throughout the days of the week 

while peaking mid-day. Together, the spatial and temporal findings from this thesis have 

both theoretical, methodological, and practical implications. 
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5.1. Implications 

5.1.1. Theory and methods 

At the most basic level, the findings from this thesis contribute to an already 

growing body of literature that recognizes the important role that the environment plays 

in the commission of sexual crimes. This conclusion was further emphasized by using a 

methodological approach for this thesis that draws from the spatial criminological 

literature, and one that is not typically seen in this area of research (i.e., focusing on 

geographic locations rather than just environmental descriptors). In doing so, these 

findings serve as a springboard from which our general understanding of this type of 

violence in terms of where and when it occurs specifically, and how this information can 

be used for policy and prevention purposes, can be developed. Thus, these findings 

serve to emphasize that environmental factors should at least be considered by 

researchers in future analyses, and perhaps even integrated into theoretical models of 

sexual offending. 

Weisburd et al. (2016) cogently argue that criminology has been dominated by 

theories about offender motivations and crime, but that some (crime and place) 

researchers question the value that focusing on criminal motivation has for 

understanding and preventing crime. Thus, these researchers outline several reasons 

for this skepticism. The first includes the belief that offender motivation can be studied 

independently of places, “that these are two interesting but only distally related crime 

topics and, for the most part, progress in either can be made without reference to the 

other” (Weisburd et al., 2016, p. 149). Second, in what Weisburd and Piquero (2008) 

have argued, placing the focus on offender motivation has not greatly advanced our 

understanding or explanations of crime and, thus, researchers should explore other 

avenues that may have greater explanatory power. Third, the focus on offender 

motivation has translated into ineffective practices by both government and private 

institutions that have not been able to reduce criminality. Fourth, in predicting crime 

using offender motivation versus opportunity models, previous research has shown that 

the latter tend to have more explanatory power than the former (see Weisburd & 

Piquero, 2008). The final reason, as detailed by Weisburd and colleagues (2016), is that 

the promising findings from crime and place research preclude the need to integrate 

additional concepts, such as offender motivation, as parsimonious theories are preferred 
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to more complex theories. While these are convincing arguments, Weisburd and 

colleagues (2016) also recognize that there may be some value in the theoretical 

integration of offender motivation and crime and place research because, at the most 

basic level, individuals commit crime, and there is a symbiotic relationship between 

people and place. While these authors were referring to the study of crime more 

generally, it is thought that the arguments outlined here especially apply within the 

context of sexual violence. As has been argued throughout this thesis, sex offenders 

seem to be considered a unique type of offender, with theoretical models and community 

management policies developed specifically in reference to them and their underlying 

motivations. However, as the empirical literature has clearly shown, the theories based 

on motivation and the associated policies have done little to prevent this type of crime. 

The findings presented in this thesis provide some support that it is perhaps time for 

sexual offending researchers to either turn to the crime and place perspective 

completely for theoretical insights, or at least integrate the concept of crime 

concentrations at microplaces into current theoretical frameworks and policies. This is 

certainly something to contemplate for the future, but this new perspective can add new 

ideas and knowledge to this area of study.  

From a methodological perspective, findings from this thesis also highlight that 

analyses of sexual violence at disaggregate scales, whether spatial or temporal, are 

necessary to avoid the ecological fallacy. Indeed, different conclusions about the nature 

of the spatial and temporal patterning emerged when the data were tested at each of the 

four spatial and temporal scales, clearly showing evidence of the modifiable areal unit 

problem (see Openshaw, 1984), or an aggregation effect. Researchers should, 

therefore, avoid aggregating data, if possible, in any future spatial and temporal 

analyses of sexual crime in order to avoid interpreting findings that may just be the result 

of the choice of aggregation unit. As was shown in this thesis, there is much value in 

incorporating inter- and intra-disciplinary perspectives (e.g., environmental criminology, 

spatial criminology, crime and place) and methods (e.g., spatial analysis of geographic 

data, circular statistics) to the study of the sexual crime problem. 

5.1.2. Practical 

It has been detailed elsewhere in this thesis that the considerable concentration 

of sexual violence in both space and time have implications for practice, particularly for 



112 

policing strategies as well as better informing place managers. First, similar to the 

implications suggested by Andresen and Linning (2012), the fact that sexual violence is 

so highly concentrated in microplaces suggests that situational crime prevention (Clarke, 

1980, 1997) and crime prevention through environmental design (Jeffery, 1969, 1971, 

1977) may be highly effective, at least in the short term. For example, utilizing strategies 

such as hot spots policing (see Braga, 2001) in problematic areas as they emerge, or 

providing extra guardianship in areas with characteristics known to be associated with 

higher counts of sexual assaults (e.g., entertainment districts with many liquor 

establishments, areas with many schools and young people, to name a few – see 

chapter three), especially at certain times of the day, may also be effective. However, 

many prior studies fell short in that they did not test for the stability of these 

concentrations over consecutive years. This is necessary in order to better inform the 

type of prevention efforts that would be most effective in the targeted areas long term. 

The findings from the spatial point pattern tests in this regard point to the fact that 

resource intensive attempts to change the physical design of a problematic place after it 

has been detected (e.g., complete structural redesign of a place) may be inefficient 

given the time likely needed to do so if the crime problem relocates to another area 

shortly thereafter. While this finding poses a new set of challenges for researchers, law 

enforcement officials, and place managers alike, as far as next steps for prevention, it 

has value insofar as making them aware that city-wide interventions, or even 

interventions at the neighbourhood level, may be ineffective because they may only be 

applicable in some places, whereas completely new interventions may be needed for 

other places, and this will need to be continually evaluated over time. This further 

emphasizes the need to examine, more closely, the microplaces associated with these 

concentrations, so that tailored interventions can be implemented that address the risk 

factors in each place. 

 While the analyses in this thesis did not directly test for the effectiveness of sex 

offender management strategies such as residence restrictions and GPS monitoring, it 

provided empirical evidence for the spatiotemporal nature of sexual violence that might 

have implications for such policies. It is recognized with these policies that certain places 

are at a higher risk for sexual violence than others by virtue of sexual offenders being 

banned from being within a certain distance of them. It is also assumed that the risk of 

offending among these places is evenly distributed. The spatial findings presented here 
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simply do not support such assumptions. Moreover, while these policies are concerned 

with the spatial aspect of sexual offenders and their offences, not much reference is 

given to how this type of violence varies throughout the day, week, or year. Therefore, it 

is suggested that such knowledge be integrated into these policies, as a very clear 

temporal pattern emerged, especially at the hourly level, that was shown to be highly 

reliable over a five-year period. While this research is just one of a few studies that have 

applied the crime and place framework to the study of crimes of sexual violence, it has 

the potential to affect policy by further refining the parameters of current sexual offender 

policies both in Canada and abroad. 

5.2. Limitations 

Although theoretical, methodological, and practical insights were gained from the 

three empirical chapters contained within this thesis, each of them was not without its 

own set of limitations, as discussed above. However, there are some limitations that 

extend across the three chapters that are worthy of discussion here. The first of these 

limitations relates, in the strictest sense for research purposes only, to the low counts of 

founded sexual crime events. It has been well noted that sexual assault is far more likely 

than other types of violent crime to be classified as ‘unfounded’ by patrol or investigating 

officers (Canadian Advisory Council on the Status of Women, 1992; Gunn & Minch, 

1988; Minch, Linden, & Johnson, 1987; Roberts, 1990; Stanley, 1985). According to 

Soulliere (2005), the ‘unfounded’ designation is usually given to a sexual assault 

complaint for one of the following reasons: (1) the police believe that the victim’s 

complaint is false; (2) no formal complaint was made by the victim or the victim drops the 

charges; (3) victim apprehension about proceeding with prosecution; and, (4) 

prosecutorial concerns by police. Although the initial decision was made to only 

incorporate founded events into the three analyses composing this thesis as to increase 

the validity and reliability of the findings in the face of false reporting11, it is possible, and 

actually probable, that this decision resulted in some complaints being excluded where 

an illegal sexual act did in fact take place. Thus, the findings of this thesis are likely very 

conservative and represent only a small portion of complaints, even at the police level, of 

                                                
11 Research estimates of the prevalence of false reporting among sexual assault complaints vary, 
but some scholars have reported that it can range between 1.5% to 90% of complaints made to 
law enforcement agencies (for a review, see Rumney, 2006). 
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a crime that is already largely affected by victim non-disclosure, non-reporting to police, 

and of those that are reported, attrition through the criminal justice system. 

In what could be considered another limitation of these three studies is the fact 

that all of the sexual offence events were aggregated together. While previous 

researchers have made clear distinctions between sexual offences involving strangers 

versus non-strangers, rape versus sexual abuse, and the seriousness of the acts 

perpetrated during the assaults (i.e., those ranging from sexual contact only to 

aggravated sexual assault), this was not possible given the data used within the context 

of this thesis. Although the de-identified PIRS data do include a subject field that allows 

the researcher to link events to particular offenders, witnesses, or victims, it was not 

possible to determine the victim(s)’s age nor his/her relationship to the perpetrator, thus 

precluding the possibility of disaggregating the event data based on these dimensions. 

And lastly, due to the low base rates of the more serious sexual assault events within 

this city across the study period, it was not possible to study the spatial and temporal 

patterns of the different sexual assault event types, especially given that the focus of this 

thesis was on microgeographic areas and microtemporal units.  

And, although not a new concept within the field of sexual aggression, a growing 

body of research recognizes that mobility is often involved in these offences (Amir, 1971; 

Beauregard & Busina, 2013; Hewitt & Beauregard, 2017; LeBeau, 1987a; Leclerc et al., 

2010b; Mogavero & Hsu, in press; Rossmo, 2000). That is, that there are often multiple 

geographic locations associated with sexual crimes because the victims are mobile as 

opposed to other offence types where the target is immobile (e.g., residential building) 

(Hewitt & Beauregard, 2017). Geographic locations of sexual assault events include the 

encounter, attack, crime, and victim release sites (Rossmo, 2000). The encounter 

location refers to the site that the victim and the offender first come into contact, where 

the attack location refers to the site where the offender physically attacks the victim. The 

crime site is where the physical sexual assault takes place, and the victim release site is 

where the offender releases the victim and flees from the scene (Rossmo, 2000). 

Because of the nature of the police data used for all three research chapters, the 

concept of ‘mobility during the crime’ was not taken into account. This, of course, serves 

as a limitation because only one set of geographic coordinates were ever only provided 

for each crime event. As such, the data assume that the offender encountered, attacked, 

committed the sexual assault, and released the victim (see, Rossmo, 2000) in only one 
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physical location when it is likely that there was some degree of mobility associated with 

each event (e.g., that the offender encountered the victim in a bar and then attacked, 

sexually assaulted, and released him/her in his/her residence). This limitation is 

problematic in the context of the current research for a few reasons. In terms of chapter 

two, it is not certain whether the concentrations of sexual assaults found refer to the 

actual crime site location or to the other geographic locations associated with a sexual 

crime event, especially because the attack and crime site locations may not always be 

known to the victim (Rossmo, 2000). This limitation persists in the third chapter, 

especially when crime attractors are used as predictors of high sexual crime areas. As 

previously mentioned, the reasoning for including these crime attractors is that they 

assume that offenders travel to these activity nodes to search for suitable victims. As 

such, they should be highly predictive of the victim encounter locations, and the crime 

site location but only if it occurred in the same place. In the absence of knowing whether 

the geographic coordinates for each event represent the crime site location, or some 

other site, it could explain why some crime attractors, and other theoretically relevant 

predictors, were not associated with the concentrated areas. Lastly, the possible mobility 

of these events may have also affected the temporal findings presented here in that it is 

also unclear whether the temporal patterning of these crimes represent when the event 

started (i.e., when the offender came into contact with the victim), when the sexual 

assault took place, or when the victim was released by the offender. While this may not 

be an issue with less mobile assaults (i.e., those where all the crimes sites occur in one 

geographic location), it certainly could be a limitation with more mobile sexual assaults 

as well as those that may have spanned several hours. 

5.3. Future Research 

In light of the joint findings of this thesis contextualized within their limitations, 

there are several avenues of future research. The first builds off of the findings from 

chapters two and three that identified hot spots of sexual crimes as well as the 

characteristics associated with them. While this information is informative, it is equally 

necessary to test whether there is an absence of these characteristics in sexual crime 

‘coldspots’ – areas that never experience sexual violence. To be able to draw firm 

conclusions, rather than just speculate, about the characteristics of sexual crime places, 

it is necessary to have a comparison group. Because the findings from chapter two 
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indicated that the concentrations of sexual assault calls shifted from year-to-year, it 

would also be of interest to see if the events, although moving, are still moving within a 

relatively local area. If so, this would suggest that police interventions could still be 

targeted to a specific place (i.e., group of street segments that experience similar crime 

problems), and that this would be beneficial for both dealing with and preventing crime of 

this type. Similarly, it would be of interest to test if these events, whether moving within a 

relatively local area or not, are moving to places that have similar choice-structuring 

properties (Clarke & Cornish, 1985). In other words, if these new places exhibit similar 

characteristics to those where the events concentrated previously. Certainly, the use of 

social observations (i.e., a visual inspection of the site and the occupants or objects 

within it; Sherman & Weisburd, 1995) would be instrumental in this process. 

On a similar note, it is interesting that the exact scenario found in chapter two 

has been discussed previously by crime and place researchers. Weisburd et al. (2012) 

noted that “though the proportion of street segments with a specific threshold of crime 

activity remains fairly consistent year to year, it may be that the specific segments within 

each of these thresholds change” (p. 53). Although they argued that this model is 

inconsistent with the collective crime and place findings that have demonstrated a ‘tight 

coupling’ of crime to place (Weisburd et al., 2012; Weisburd et al., 2016), meaning that 

hot spots are expected to remain hot spots over multiple annual measurements simply 

because characteristics of places do not change rapidly over time (Weisburd et al., 

2012), they also recognize that some change may occur that would change the rate of 

crime at microplaces. Thus, these researchers also suggest that in such cases, more in-

depth analyses of each of these street segments (and intersections) is necessary, as 

mentioned above, to see how the frequency of crime in these places fluctuates over 

time.  

Although the cause of the spatial patterns observed in this thesis requires further 

investigation, two hypotheses are put forth to explain this phenomenon that are rooted in 

what is known about sexual offenders and their offences that could be the focus of future 

investigation. First, Rossmo (2009) has noted that many sexual offenders are in fact 

serial offenders, and it could be that the instability of these patterns are reflective of the 

fact that this type of crime is more opportunistic than predatory in nature. Indeed, prior 

researchers have found that there is a subgroup of serial sex offenders who are more 

opportunistic with their crimes (see also Beech, Fisher, & Ward, 2005; Gebhard, 
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Gagnon, Pomeroy, & Christensen, 1965; Hewitt, Beauregard, & Davies, 2016; Knight & 

Prentky, 1990; Proulx, St-Yves, Guay, & Ouimet, 1999). According to Brantingham and 

Brantingham’s (1978) crime site selection model, offenders should repeatedly search for 

victims in certain locations within the larger social environment where they know ‘good’ 

victims can be located. It thus follows that if this were the case, these locations should 

be repeatedly chosen over time as the offender gains more criminal experience. The 

findings here do not seem to support this hypothesis, but rather suggest what previous 

researchers have also found that violent crimes too are opportunistic (Ratcliffe, 2006), 

thereby explaining the variability found here. The second hypothesis, although still 

having to do with the crime site selection model, is in opposition to the first. This 

hypothesis poses that this type of offence is highly predatory in nature, and as such, it 

could be that there are serial offenders operating simultaneously that explains why there 

is such a degree of concentration (they target the same places), but each of them are 

searching for victims in different locales. Hence, future research should try to link 

offender data (if known) to criminal events to be able to test these hypotheses and shed 

more light on why such a phenomenon is observed with this type of crime.  

Once the risk factors for sexual crime places are more clearly identified, future 

researchers should test their validity in predictive techniques such as risk terrain 

modeling (see Caplan, 2011; Caplan & Kennedy, 2010; Caplan & Kennedy, 2011; 

Caplan, Kennedy, & Miller, 2011; Kennedy, Gaziarifoglu, & Caplan, 2012). As an 

application of Geographic Information Systems, risk terrain modeling analyzes known 

risk factors that are related to a specific crime event outcome (i.e., sexual assault) to 

forecast the risk of that event taking place at a given place at a future point in time 

(Caplan & Kennedy, 2010). With this technique, each risk factor is mapped representing 

its presence, absence, or intensity that it has for every place across the study area. 

From all of this information, a final composite map (risk terrain) is generated (Caplan & 

Kennedy, 2010), whereby the greater the risk value attributed to an area, the greater the 

likelihood that a future event will take place. Thus, it would become possible to 

retrospectively create a risk terrain model using identified risk factors, and use 

subsequent year crime data to validate the model to see if, in fact, sexual assaults 

occurred in those places predicted to be high risk through the environmental risk 

assessment. If correct, this information could then be used in localized settings to 

forecast where future sexual crimes are likely to occur. 
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Finally, future work should examine how the temporal patterns found in chapter 

four vary over microgeographic units. For example, to see how the temporal pattern of 

sexual violence on a particular street segment (and intersection), or group of street 

segments, varies across the hour, day, month, or season. While this thesis conducted a 

baseline spatiotemporal analysis of sexual crime, it did not account for the fact that the 

temporal patterns likely vary within individual street segments (and intersections) 

according to the routine activities of these microplaces. High sexual crime street 

segments (and intersections) containing liquor-serving establishments will likely see a 

different temporal pattern to this type of crime than those streets (and intersections) 

containing an elementary school, for example. While this type of analysis is necessary, it 

may be that the low base rate of sexual crime events over microtemporal units in 

microplaces makes it difficult to conduct such research. However, if it is possible in 

certain local settings, Weisburd and colleagues (2016) note that its contribution would be 

invaluable as it would allow for crime reduction resources to be more precisely directed 

in these microgeographic units at the riskiest times.  

5.4. Final Remarks 

While it is evident that work investigating the relationship between crime and 

place is not new, research that focuses on specific micro units, whether spatial or 

temporal, is a rather novel contribution to the criminological literature, influenced in large 

part by continuing developments in Geographic Information Systems software and better 

reporting practices of police agencies. Because the crime and place approach is still in 

its relative infancy, it makes it an exciting field to conduct research in, especially with the 

focus being on a type of crime that is largely understudied in this literature. This thesis 

was a first step in trying to bridge the gap between one literature that puts place, and the 

other that puts the offender, at the centre of the crime equation (Weisburd et al., 2016). 

With no data concerning who was involved in each event, the findings of this thesis 

revealed that there are stable spatiotemporal trends to sexual violence, in terms of its 

degree of concentration in street segments (and intersections) as well as its hourly 

patterning. While it may be too early to convince sexual violence scholars to shift the 

focus entirely off of the offender when researching these crimes, the findings presented 

here clearly demonstrate that there is more at play to sexual violence than just looking to 

offender motivation. As such, there are many avenues for future study and ways in 
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which this approach can be applied to cases of sexual violence, with findings having 

direct impacts on future policy and practice. 
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Appendix A 
 
Negative Binomial Regression Findings – Full Model  

Table A.1. Negative binomial regression predicting counts of sexual crimes 
within DAs – Full Model. 

 Odds Ratios B SE 
% Male (0-14) .99 -.01 .02 
% Female (0-14) 1.00 -.00 .02 
% Female (15+) 1.02 .02 (.01)* 
% Aboriginal 1.02 .02 .02 
% Visible minorities 1.00 .00 (.00)* 
% Male (15-34) 1.04 .04 (.02)* 
% Single 1.02 .02 (.01)** 
Population (in thousands) 1.00 .00 (.00)*** 
% Commercial land use 1.01 .01 .01 
% Industrial land use 1.02 .02 .02 
% Institutional land use 1.05 .05 .04 
% Recreational land use .94 -.06 .04 
% Residential land use 1.00 .00 .00 
% Vacant land use 1.01 .01 .01 
% Mixed land use 1.04 .04 .01 
Liquor establishments 1.34 .29 (.04)*** 
Postsecondary institutions 2.12 .75 (.42)* 
Recreational centers/ community halls/ pools .74 -.30 .20 
Schools 1.21 .19 (.08)** 
Transit hubs 1.51 .41 .48 
% Major repairs .98 -.02 .02 
% Old houses 1.00 .00 .00 
% Unemployment rate 1.01 .01 .01 
% Postsecondary education .98 -.02 (.01)*** 
% Welfare .99 -.01 .01 
% Low income 1.00 -.00 .01 
Average dwelling value (in thousands) 1.00 -.00 (.00)* 
Gross rent (in thousands) 1.02 .02 .01 
Median income (in thousands) .99 -.01 (.00)** 
SD of income (in thousands) 1.01 .01 .01 
% Recent immigration 1.01 .01 .01 
% Single-parent 1.00 .00 .01 
% Rentals 1.01 .01 (.00)** 
% Apartments 1.00 -.00 .00 
% Move 1 year .99 -.01 (.01)* 
% Move 5 years 1.00 -.00 .00 

*p < .05; **p < .01; ***p < .001. 
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Appendix B 
 
Descriptive Tables of Temporal Patterns at the 
Seasonal, Monthly, Daily, and Hourly Scales 

Seasons of the Year 

Table B.1.1.  Seasons of the year, yearly data pooled, 2002-2006. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Sp
rin

g 

  209 171 206        586 

Su
m

m
er

 

     221 195 211     627 

Fa
ll         218 177 162  557 

W
in

te
r 

182 143          165 490 

To
ta

l 

182 143 209 171 206 221 195 211 218 177 162 165 2260 
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Table B.1.2. Seasons of the year, 2002.  
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Sp

rin
g 

  34 36 29        99 

Su
m

m
er

 

     50 30 38     118 

Fa
ll         36 25 36  97 

W
in

te
r 

46 25          37 108 

To
ta

l 

46 25 34 36 29 50 30 38 36 25 36 37 422 
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Table B.1.3. Seasons of the year, 2003. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Sp

rin
g 

  37 34 42        113 

Su
m

m
er

 

     37 40 43     120 

Fa
ll         43 32 25  100 

W
in

te
r 

43 27          31 101 

To
ta

l 

43 27 37 34 42 37 40 43 43 32 25 31 434 
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Table B.1.4. Seasons of the year, 2004. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Sp

rin
g 

  38 26 49        113 

Su
m

m
er

 

     43 40 53     136 

Fa
ll         48 34 25  107 

W
in

te
r 

29 30          26 85 

To
ta

l 

29 30 38 26 49 43 40 53 48 34 25 26 441 
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Table B.1.5. Seasons of the year, 2005. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Sp

rin
g 

  43 36 31        110 

Su
m

m
er

 

     51 42 43     136 

Fa
ll         50 47 43  140 

W
in

te
r 

37 25          38 100 

To
ta

l 

37 25 43 36 31 51 42 43 50 47 43 38 486 
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Table B.1.6. Seasons of the year, 2006. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Sp

rin
g 

  57 39 55        151 

Su
m

m
er

 

     40 43 34     117 

Fa
ll         41 39 33  113 

W
in

te
r 

27 36          33 96 

To
ta

l 

27 36 57 39 55 40 43 34 41 39 33 33 477 
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Months of the Year 

Table B.2.1. Months of the year, yearly data pooled, 2002-2006. 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 

Su
nd

ay
 

27 18 17 16 23 27 17 27 20 27 19 25 263 

Mo
nd

ay
 

28 26 31 23 36 41 27 25 36 24 19 23 339 

Tu
es

da
y 

26 22 24 26 37 34 33 33 38 28 29 20 350 

W
ed

ne
sd

ay
 

30 27 40 23 29 28 29 32 34 26 29 30 357 

Th
ur

sd
ay

 

19 14 31 29 28 34 36 27 30 27 19 17 311 

Fr
id

ay
 

31 18 32 29 29 29 25 36 25 27 30 29 340 

Sa
tu

rd
ay

 

21 18 34 25 24 28 28 31 35 18 17 21 300 

To
ta

l 

182 143 209 171 206 221 195 211 218 177 162 165 2260 

St
an

da
rd

ize
d 

(D
ay

s)
 

1.17 1.01 1.35 1.14 1.33 1.47 1.26 1.36 1.45 1.14 1.08 1.06 1.24 
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Table B.2.2. Months of the year, 2002. 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Su

nd
ay

 

3 1 5 3 4 10 4 3 3 3 3 6 48 

Mo
nd

ay
 

5 9 3 5 1 9 2 4 11 3 4 4 60 

Tu
es

da
y 

13 6 3 4 6 6 6 2 5 5 5 5 66 

W
ed

ne
sd

ay
 

9 3 3 5 5 5 7 4 5 2 4 6 58 

Th
ur

sd
ay

 

4  7 9 3 7 3 6 2 8 7 3 59 

Fr
id

ay
 

7 3 7 6 8 6 3 12 3 4 9 9 77 

Sa
tu

rd
ay

 

5 3 6 4 2 7 5 7 7  4 4 54 

To
ta

l 

46 25 34 36 29 50 30 38 36 25 36 37 422 

St
an

da
rd

ize
d 

(D
ay

s)
 

0.30 0.18 0.22 0.24 0.19 0.33 0.19 0.25 0.24 0.16 0.24 0.24 0.23 
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Table B.2.3. Months of the year, 2003. 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Su

nd
ay

 

3 3 4 1 3 6 3 8 4 2 4 5 46 

Mo
nd

ay
 

8 5 5 5 9 7 3 4 8 3 2 8 67 

Tu
es

da
y 

1 3 3 9 7 6 10 5 6 6 3 3 62 

W
ed

ne
sd

ay
 

13 3 8 9 5 5 7 6 8 7 2 5 78 

Th
ur

sd
ay

 

5 3 2 4 6 5 8 4 7 3 2 1 50 

Fr
id

ay
 

9 5 7 3 8 6 4 9 5 7 6 5 74 

Sa
tu

rd
ay

 

4 5 8 3 4 2 5 7 5 4 6 4 57 

To
ta

l 

43 27 37 34 42 37 40 43 43 32 25 31 434 

St
an

da
rd

ize
d 

(D
ay

s)
 

0.28 0.19 0.24 0.23 0.27 0.25 0.26 0.28 0.29 0.21 0.17 0.2 0.24 
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Table B.2.4. Months of the year, 2004. 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Su

nd
ay

 

3 5 2 4 4 2 2 9 5 5 3 5 49 

Mo
nd

ay
 

7 4 8 4 9 8 6 5 2 3 5 3 64 

Tu
es

da
y 

5 2 7 2 8 11 6 8 15 4 3 2 73 

W
ed

ne
sd

ay
 

1 6 4 1 3 8 4 8 7 3 7 7 59 

Th
ur

sd
ay

 

7 7 9 5 10 7 12 4 6 7 2 2 78 

Fr
id

ay
 

5 2 4 6 4 2 4 10 6 6 3 4 56 

Sa
tu

rd
ay

 

1 4 4 4 11 5 6 9 7 6 2 3 62 

To
ta

l 

29 30 38 26 49 43 40 53 48 34 25 26 441 

St
an

da
rd

ize
d 

(D
ay

s)
 

0.19 0.21 0.25 0.17 0.32 0.29 0.26 0.34 0.32 0.22 0.17 0.17 0.24 
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Table B.2.5. Months of the year, 2005. 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Su

nd
ay

 

3 2 2 1 7 9 3 4 3 11 6 4 55 

Mo
nd

ay
 

5 4 10 5 5 7 9 8 10 8 5 5 81 

Tu
es

da
y 

5 6 6 8 5 6 5 9 4 6 11 6 77 

W
ed

ne
sd

ay
 

6 3 11 2 4 4 5 8 10 8 7 5 73 

Th
ur

sd
ay

 

3 1 4 5 5 11 8 7 10 2 5 8 69 

Fr
id

ay
 

8 6 3 8 5 6 10 2 6 6 5 6 71 

Sa
tu

rd
ay

 

7 3 7 7  8 2 5 7 6 4 4 60 

To
ta

l 

37 25 43 36 31 51 42 43 50 47 43 38 486 

St
an

da
rd

ize
d 

(D
ay

s)
 

0.24 0.18 0.28 0.24 0.2 0.34 0.27 0.28 0.33 0.30 0.29 0.25 0.27 
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Table B.2.6. Months of the year, 2006. 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Su

nd
ay

 

15 7 4 7 5  5 3 5 6 3 5 65 

Mo
nd

ay
 

3 4 5 4 12 10 7 4 5 7 3 3 67 

Tu
es

da
y 

2 5 5 3 11 5 6 9 8 7 7 4 72 

W
ed

ne
sd

ay
 

1 12 14 6 12 6 6 6 4 6 9 7 89 

Th
ur

sd
ay

 

 3 9 6 4 4 5 6 5 7 3 3 55 

Fr
id

ay
 

2 2 11 6 4 9 4 3 5 4 7 5 62 

Sa
tu

rd
ay

 

4 3 9 7 7 6 10 3 9 2 1 6 67 

To
ta

l 

27 36 57 39 55 40 43 34 41 39 33 33 477 

St
an

da
rd

ize
d 

(D
ay

s)
 

00.17 0.26 0.37 0.26 0.35 0.27 0.28 0.22 0.27 0.25 0.22 0.21 0.26 
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Days of the Week and Hours of the Day 

Table B.3.1. Days of the week and hours of the day, yearly data pooled, 2002- 
  2006. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 12 13 12 11 8 10 13 79 
1:00 15 5 8 9 4 7 9 57 
2:00 15 7 7 9 7 7 18 70 
3:00 7 4 3 5 6 6 15 46 
4:00 14 1 7 6 3 9 12 52 
5:00 10 4 3 3 4 2 6 32 
6:00 5 2 7 6 1 5 7 33 
7:00 4 7 10 8 3 5 6 43 
8:00 8 11 16 12 5 21 7 80 
9:00 7 11 20 27 17 11 11 104 

10:00 5 27 26 18 23 22 16 137 
11:00 13 28 33 28 22 22 14 160 
12:00 12 21 24 25 24 13 10 129 
13:00 10 23 16 30 26 28 11 144 
14:00 11 19 23 30 25 27 8 143 
15:00 10 33 22 30 25 26 15 161 
16:00 24 23 30 26 24 17 9 153 
17:00 17 18 12 12 15 16 11 101 
18:00 8 12 14 12 13 14 14 87 
19:00 9 18 12 13 20 14 15 101 
20:00 14 16 12 7 8 12 17 86 
21:00 12 14 7 16 9 17 29 104 
22:00 16 16 10 6 8 10 16 82 
23:00 5 6 16 8 11 19 11 76 
Total 263 339 350 357 311 340 300 2260 
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Table B.3.2. Days of the week and hours of the day, 2002. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 2 2 5 2 1 3 3 18 
1:00 3 1   1 1  6 
2:00 4 1 1 3   2 11 
3:00 2   2 1 4 1 10 
4:00 2     2 4 8 
5:00 1 1 1 1 1 1 3 9 
6:00 1  4   1  6 
7:00 2 2  1 1 3 1 10 
8:00 1 1 4 2  4 2 14 
9:00 2 3 5 2 3 3 4 22 

10:00 2 6 4 2 4 8 4 30 
11:00 1  4 4 9 3 3 24 
12:00 2 2 4 8 5 2 1 24 
13:00 1 7 3 5 4 6 2 28 
14:00 1 2 1 6 2 7  19 
15:00 1 6 4 6 10 6 1 34 
16:00 4 5 7 3 3 3 2 27 
17:00 3 4 5 1  4 3 20 
18:00 1 3 2 3 1 4 2 16 
19:00 1 4 3 2 5 2 5 22 
20:00 3 2 2  1  3 11 
21:00 4 2 1 2 2 5 3 19 
22:00 4 3 4 1 3 2 4 21 
23:00  3 2 2 2 3 1 13 
Total 48 60 66 58 59 77 54 422 
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Table B.3.3. Days of the week and hours of the day, 2003. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 4  3 4 2  2 15 
1:00 4  3 2  2 1 12 
2:00 4 1 2 2 2 1 4 16 
3:00     1  1 2 
4:00 3 1 2  1 4 4 15 
5:00 2 1  1   1 5 
6:00  1  1   1 3 
7:00 1 1 4 2 1  3 12 
8:00  3 2 4 1 4  14 
9:00  1 4 6 3 4 4 22 

10:00  5 3 6 7 6 2 29 
11:00 3 8 5 10 1 6 4 37 
12:00 1 6 6 3 3 3 1 23 
13:00  2 6 5 6 6 2 27 
14:00 3 3 4 6 6 5 1 28 
15:00 2 9  4 2 5 4 26 
16:00 7 5 4 7 3 2 5 33 
17:00 3 2 2 2 1 5 1 16 
18:00  2 4  3 1 1 11 
19:00 2 5 2 3 2 1 1 16 
20:00 2 1 1 3 2 4 3 16 
21:00 2 6 1 4 2 8 7 30 
22:00 2 2 2   1 3 10 
23:00 1 2 2 3 1 6 1 16 
Total 46 67 62 78 50 74 57 434 
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Table B.3.4. Days of the week and hours of the day, 2004. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 1 4 2 2 1 2 3 15 
1:00 4 1 2 2 1  2 12 
2:00 1 1 1 2 2  3 10 
3:00 1 2   1  4 8 
4:00 1  1 1  2 1 6 
5:00 4 1 1  2   8 
6:00 1    1 2 5 9 
7:00  1 1     2 
8:00 2 2 3 1  4  12 
9:00  2 2 7 6 1 2 20 

10:00 1 2 6 2 5 2 5 23 
11:00  7 12 2 4 3 3 31 
12:00 2 5 6 6 3 3 2 27 
13:00 3 3 2 6 8 6 2 30 
14:00 4 6 6 5 8 3 3 35 
15:00 2 6 6 5 5 3 5 32 
16:00 4 4 9 5 6 6 1 35 
17:00 4 4 1 2 6 3 1 21 
18:00 2   3 3 4 4 16 
19:00 4 3 5 3 8 2 1 26 
20:00 1 4 2 1 2 5 1 16 
21:00 1   2 1 1 8 13 
22:00 4 6  2 3 1 5 21 
23:00 2  5  2 3 1 13 
Total 49 64 73 59 78 56 62 441 
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Table B.3.5. Days of the week and hours of the day, 2005. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 3 5 1 2 1 3  15 
1:00 3 1 1 3 1 3 3 15 
2:00 4 2  2 1 4 6 19 
3:00 1 1 2 3 1 1 4 13 
4:00 5  2 1 1  1 10 
5:00  1 1 1   1 4 
6:00 1   4  1  6 
7:00  1 3 3 1  1 9 
8:00 4 2 2 1 2 2 1 14 
9:00 2 2 4 7 2 3  20 

10:00  5 9 1 3 3 2 23 
11:00 3 10 4 4 6 4  31 
12:00 2 6 4 3 7 5 1 28 
13:00 2 5 3 5 4 4 4 27 
14:00 1 5 5 5 6 9 3 34 
15:00 4 7 10 8 5 5 3 42 
16:00 4 3 4 7 6 5 1 30 
17:00 4 4 2 4 7 1 3 25 
18:00 2 3 5 2 4 2 2 20 
19:00 1 4 1 2 2 4 5 19 
20:00 6 8 5 1 2 2 5 29 
21:00 3 4 2 3 2 2 7 23 
22:00  2 4 1 1 5 2 15 
23:00   3  4 3 5 15 
Total 55 81 77 73 69 71 60 486 
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Table B.3.6. Days of the week and hours of the day, 2006. 

 Sun Mon Tue Wed Thu Fri Sat Total 
12:00 2 2 1 1 3 2 5 16 
1:00 1 2 2 2 1 1 3 12 
2:00 2 2 3  2 2 3 14 
3:00 3 1 1  2 1 5 13 
4:00 3  2 4 1 1 2 13 
5:00 3    1 1 1 6 
6:00 2 1 3 1  1 1 9 
7:00 1 2 2 2  2 1 10 
8:00 1 3 5 4 2 7 4 26 
9:00 3 3 5 5 3  1 20 

10:00 2 9 4 7 4 3 3 32 
11:00 6 3 8 8 2 6 4 37 
12:00 5 2 4 5 6  5 27 
13:00 4 6 2 9 4 6 1 32 
14:00 2 3 7 8 3 3 1 27 
15:00 1 5 2 7 3 7 2 27 
16:00 5 6 6 4 6 1  28 
17:00 3 4 2 3 1 3 3 19 
18:00 3 4 3 4 2 3 5 24 
19:00 1 2 1 3 3 5 3 18 
20:00 2 1 2 2 1 1 5 14 
21:00 2 2 3 5 2 1 4 19 
22:00 6 3  2 1 1 2 15 
23:00 2 1 4 3 2 4 3 19 
Total 65 67 72 89 55 62 67 477 

 


