
 1 

Dangerous Times? A Routine Activities Examination of the Temporal Patterns of Sexual 

Offenses Over Time 

 

Ashley N. Hewitta*, Martin A. Andresenb, Eric Beauregardc, and P. L. Brantinghamc 
 
aSchool of Criminal Justice and Criminology, Texas State University, San Marcos, USA; 
Email: ashley.hewitt@txstate.edu  
*Corresponding author 

bSchool of Criminology and Criminal Justice, Griffith University, Gold Coast Campus, Australia 

cSchool of Criminology, Simon Fraser University, Burnaby, Canada 

Dr. Ashley N. Hewitt is an Assistant Professor in the School of Criminal Justice and 
Criminology at Texas State University. Her research interests largely focus on the application of 
environmental criminology principles to the study of sexual violence, as well as offender 
profiling and offender decision-making. 

Dr. Martin A. Andresen is an Associate Professor in the School of Criminology and Criminal 
Justice at Griffith University. The majority of his research is concerned with understanding the 
spatial and/or temporal distribution of the criminal event and the role of scale with that 
understanding. 

Dr. Eric Beauregard is a Professor in the School of Criminology at Simon Fraser University. His 
research interests include sexual violence, the crime-commission process, decision making 
related to offending, and the investigation. Dr. Beauregard has over 100 publications in the field 
of sexual violence. 

Dr. Patricia L. Brantingham is a Professor Emerita in the School of Criminology at Simon Fraser 
University. She is the author or editor of two dozen books and scientific monographs and more 
than 100 articles and scientific papers. Dr. Brantingham is widely known as a founder of the field 
of Environmental Criminology and the development of crime pattern theory.  

 

 
 
 
 
 
 
 
 
 

about:blank


 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 

behavior, especially those of sexual violence. Drawing from routine activities theory, this 

research uses circular statistics to investigate the temporal patterns of 2,260 sexual offenses from 

a Canadian police database at the seasonal-, monthly-, daily-, and hourly-levels, as well as their 

consistency over time. Findings suggest that there is a distinct temporal pattern when the unit of 

analysis is at the seasonal-, monthly-, and hourly-levels, but not at the daily-level. Furthermore, 

these temporal patterns are relatively consistent from year-to-year. These conclusions support the 

legitimacy of including a temporal element into current geographically-based sexual offender 

policies and practices. Pragmatically, these findings may also be used to better inform policing 

and situational crime prevention efforts to reduce the incidence of sexual crimes. 

Keywords: sexual offenses; routine activities theory; circular statistics; seasonality; intra-week. 
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Dangerous Times? A Routine Activities Examination of the Temporal Patterns of Sexual 

Offenses Over Time 

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 has shown, criminal events vary 

across space. Indeed, in their ground-breaking work that examined hot spots of predatory crime 

in Minneapolis, Sherman, Gartin, and Buerger (1989) concluded that there are relatively safe 

places in dangerous neighborhoods, and vice versa. Studies that have focused specifically on 

crimes of a sexual nature have similarly found that there is a spatial clustering to these offenses 

(e.g., Ceccato, 2014), and that high-risk places for sexual crimes 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 (see, for example, Hewitt, Beauregard, Andresen, 

& Brantingham, 2018).  

When one looks closely at sexual offender legislation, such as residence restrictions and 

Global Positioning System (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 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 offenses – and crime more generally – is not uniformly distributed 
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throughout space, neither is it equally dispersed over time. Therefore, knowledge surrounding 

those times, in addition to those places, that are the most dangerous for sexual offenses, 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 crimes in 

comparison to other crime types, and even fewer have done so considering more granular 

temporal scales (i.e., monthly, daily, and hourly). Thus, the current study investigates the 

seasonal and intra-week patterns of the population of sexual offenses reported to police services 

in a large Canadian city. Such an analysis is important in the study of sexual crimes because, as 

noted above, temporal patterning has been shown to be critical in understanding the nature of the 

criminal event. Knowing where crimes (of any type) occur is simply not enough; to prevent 

criminal activity, we must know where and when crimes occur for more effective prevention. 

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) 

and heat aggression theory (Quételet, 1842). 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 offenses in 
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particular, appears to cluster during the summer/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. In contrast, heat aggression theory is a 

psychological explanation that operates at the individual level, hypothesizing a positive 

relationship between temperature and aggression that is mediated by emotions such as frustration 

and discomfort (Breetzke & Cohn, 2012).  

While the majority of previous research has not explicitly applied the link between heat 

and aggression as described above to temporal variations in sexual crime, it has recognized the 

possible role that variations in testosterone (which is also likely tied to aggression, see 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 behavior between married couples 

tend 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. Both 

Rotton (1993) and Michael and Zumpe, (1983a) investigated this possibility finding that these 

temporal variations were better explained by environmental, not endogenous, factors. Because of 

these research findings, and that routine activity theory has shown support across multiple crime 

types, we are more closely testing this model in the analyses below. Additionally, routine activity 

theory is expected to have an impact at all temporal scales (Felson & Boba, 2010).   

Literature Review 

Seasonality of Sexual Crimes 

A distinct seasonal pattern has been found for sexually-based offenses, peaking in the 

summer season (e.g., Chang, 1972; Dodge & Lentzner, 1988; Gabor & Gottheil, 1984; Hayman, 

Lanza, Fuentes, & Algor, 1972; Perry & Simpson, 1987; Smolensky, Reinberg, Bicakova-
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Rocher, & Sanford, 1980). Moreover, using methodologies such as the cosinar method and the 

Analysis of Variance procedure, this seasonal pattern has been identified in the United States 

(Michael & Zumpe, 1983b), France (Bicakova-Rocher, Smolensky, Reinberg, & De Prins, 

1985), Britain (Keating, Higgs, Willott, & Stedman, 1990), and Chile ( Téllez, Galleguillos, 

Aliaga, & Silva, 2006)—this last example has the monthly peaks at opposite times of the year 

because Chile is in the southern hemisphere. Even Amir’s (1971) seminal study on forcible rape 

that reported no statistically significant differences among the seasons showed a distinct peak in 

July and a trough in February when re-analyzed using chi-square analysis by Cohn (1988). More 

recently, in a regression analysis of rapes in the United States using 17 years of data, Lauritsen 

and White (2014) found that rape and sexual assault peaked in the summer months, with a lesser 

difference between spring and summer. However, it is important to note that not all studies have 

found such a statistically significant relationship (DeFronzo, 1984). 

Despite the number of studies investigating the seasonality of rape, very few studies have 

examined the seasonality of other types of sexual offenses. For example, using descriptive 

statistics, Keating et al. (1990) found that indecent assaults on females had a seasonal pattern, but 

similar assaults on males did not. Additionally, using the Analysis of Variance technique, Rotton 

(1993) found seasonal patterns for obscene phone calls, indecent exposure, and miscellaneous 

sexual offenses. However, these significant seasonal differences disappeared when Analyses of 

Covariance were run. While the literature on the seasonality of sexual crime 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 offenses peak in the summer season may not 

provide stakeholders (policing, or otherwise) with sufficient information to be able to affect 
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policy in a meaningful way (e.g., day-to-day scheduling changes). Thus, in recent years, there 

has been increased interest in studying the intra-week patterns of sexual crime. 

Intra-week and Intra-Day Patterns of Sexual Crime 

Because most of the criminological temporal literature – more generally – has focused on 

the seasonal or monthly patterns of crime, research concerned with the intra-week rhythms, that 

is day of the week and time of the day, is sparse (Vaughan, Wuschke, Hewitt, Hodgkinson, 

Andresen, Brantingham et al., 2018). Of the few studies that have examined the intra-week 

temporal patterns of sexual crimes, the findings are far from congruent. For example, using 

descriptive statistics, Andresen and Malleson (2015) found that there was a random temporal 

distribution of sexual assaults across days of the week in a Canadian context. Analyzing data 

using correlations from Manchester, England, McLean (2007) found that the number of sexual 

assaults gradually declined over the weekdays beginning with Monday, but peaked on Friday, 

Saturday, and Sunday (being the highest)—the peak on Sunday is likely due to “carryover” from 

the time stamp of Saturday night (Felson & Poulsen, 2003). Using descriptive statistics from the 

National Incident-Based Reporting System in the United States, Snyder (2000) found that the 

hourly patterns of sexual assault were related to the age of the victim. For adult victims, the 

number of sexual assaults increased in the evening hours beginning at 8:00p.m., and peaked 

between the hours of midnight and 2:00a.m. Conversely, for child victims (aged 6 years and 

younger), a bi-modal distribution was observed. Sexual assaults against children peaked in the 

afternoon hour of 3:00p.m., as well as during traditional meal time hours of 8:00a.m., noon, and 

6:00p.m. (Snyder, 2000). Sexual assaults perpetrated against older youth and juveniles showed 

less distinct hourly patterns, indicating that they were more spread out throughout the day. 

Finally, using descriptive statistics, Ceccato (2014) examined the timing of outdoor rape events 
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in Stockholm, Sweden, and found a distinct pattern of rapes taking place during the evening-

nighttime hours as well as on the weekends. 

As should be evident from the discussion above, the literature that examines the daily 

patterns of sexual crime is sparse, but the number of studies that have reported on the temporal 

nature of sexual crime within the day are even fewer. This may be due, in part, to the 

methodological issues surrounding this type of analysis. First, there is the issue of the 

‘criminological day’ that relates to the date of an event changing at midnight, potentially 

skewing intra-week patterns. Second, it is well known that most (sexual) 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). And finally, there are issues that relate to how 

temporal data should be analyzed within a criminological context (e.g., Wuschke, Clare, & 

Garis, 2013; Vaughan et al., 2018). For instance, Brunsdon and Corcoran (2006) argued that the 

use of circular statistics 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.  

As such, the current study expands the empirical knowledge base of the temporal 

dimension of sexual crimes at all temporal scales. In addition, we test for the consistency of our 

findings over multiple years of data to discern whether temporal patterning exists for sexually-

based offenses. Such analyses are imperative to being able to establish the baseline knowledge 

that is needed to eventually be able to link the temporal aspect of sexual crimes to more active 

mechanisms (i.e., the spatial element), so that a better understanding of the generative processes 

of these offenses can be gained. Three research questions will be addressed: 

(1) is there a patterning with regards to when sexual crimes occur?  
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(2) to what degree is there patterning when tested using multiple temporal scales of analysis 

(seasonal, monthly, intra-week, and intra-day)? And,  

(3) are the temporal patterns consistent over time?  

Methodology 

Data 

The data include all founded criminal events obtained from a records management system 

used by the Royal Canadian Mounted Police. These events 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 offenses (n = 179), as defined by the Criminal Code 

(1985).1 These events occurred in a large city in British Columbia between August 1, 2002 and 

July 31, 2006, the most recent data available to us for this research because of the sensitivity and 

rare nature of reports of this crime type. Although this database contains the home locations and 

personal information of individuals who have been involved in each police contact, either as a 

complainant, victim, suspect, or a witness, these data were unavailable for analysis for the 

purposes of the current study.2 Only event-level data were available for analysis, including the 

 
1 The different levels of sexual assault refer to the severity of violence, threats, and harm to the victim, as well as the 
use of weapons during the commission of the crime. 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 violent 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). ‘Other sexual offenses’ is a records management system classification code that was used by police 
services to record all other sexually-based violations that were not included in the Criminal Code’s (1985) legal 
definitions of sexual assaults levels 1, 2 or 3: 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). 
2 Although the exact proportion of child versus adult victims is unknown from the current data, it is important to note 
that in Canada, both children and adults can be victims of sexual assault level 1, sexual assault level 2, or sexual assault 
level 3. According to Statistics Canada, more than half of all victims of sexual assault reported to police involve 
children and youth aged 18 years or younger, and that the majority of these sexual assaults are classified as sexual 
assault level 1 (Ogrodnik, 2010). Furthermore, the ‘other sexual offenses’ code includes violations that primarily 
involve sexual abuse against children (Brennan & Taylor-Butts, 2008). Thus, given that approximately 98% of the 
events in the current study are classified as one of these two codes, it is likely that the majority of the events involved 
child victims.  
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geographic location of the crime scene as well as the date and time of the event. The temporal 

data to be analyzed include the date (month/day/year) and time (hour/minute) of when the crime 

occurred, and not the timing of when it was reported to law enforcement officials. 

Analytic Strategy 

Circular statistics are used to analyze the seasonal, monthly, daily, and hourly patterns of 

sexual crimes at aggregate (i.e., all five-years of data pooled together) and disaggregate levels 

(i.e., each year analyzed separately) to mediate the risk of drawing conclusions about temporal 

patterns based on an aberrant year of data. Circular statistics are a class of graphical and 

statistical methods that have been developed to analyze data that are circular in nature (Berens, 

2009). Time is indeed circular as it cycles repeatedly (e.g., 00:00 hours occurs every day, 

Monday repeats every week, and so on). Circular statistics consider the periodicity of temporal 

measurements in its calculations (Brunsdon & Corcoran, 2006). For example, Mardia (1972) 

discusses the risks of using conventional linear techniques with data of this nature, giving the 

example that “the arithmetic mean of the angles 1° and 359° is 180° whereas by geometrical 

intuition the mean ought to be 0°” (p. xvii). Consequently, when using linear statistics for 

circular data (such as time and dates), one runs the risk of identifying differences in patterns that 

are not truly present. For example, on a 24-hour clock, 11:00pm and 1:00am are only 2 hours 

apart, but if they are measured on a linear scale, the difference will appear to be twenty-two 

hours. Similarly, for days of the week, if the days are transformed into numbers starting at 1 for 

Monday, is the difference between Sunday and Monday 6 days when considering the periodicity 

of events? The answer, of course, is no. When measuring time from a particular time point (an 

evaluation, for example), linear statistics makes sense, otherwise false magnitude differences 

may be imposed in the data. The end result may be a false positive with a statistical difference 
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being identified, but this is not the same as Type 1 error because it does not emerge by random 

chance, but because of data coding by the researcher. To avoid such possibilities, this study uses 

two methodologies that fall under the branch of circular statistics: Rayleigh’s Z test and 

Watson’s U2.  

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 

sexual offenses are randomly distributed across 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. In addition to providing a test of significance, the 

Rayleigh’s Z test provides a mean angle value that indicates the preferred direction within the 

360° circle, starting clockwise from north (0°). Within the context of this study, the mean angle 

represents the average period of when sexual crimes occur within each unit of time. 

To illustrate the non-linear and cyclical nature of the temporal data, the data at each 

temporal scale are also displayed in circular plots (see Online Appendix). Circular plots simply 

provide a visual aid for the reader by displaying the data in its descriptive form, but they do not 

provide a statistical ‘test’ of similarity or dissimilarity of the number of sexual crimes within a 

measurement of time. These plots also serve to aid the interpretability of the mean angle value 

provided by the Rayleigh’s Z test.  

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 
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the distributions of two circular sets of data are statistically different (e.g., distribution of sexual 

offenses in the spring season of 2002 are (dis)similar to the distribution of sexual offenses 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.  

For this study, the definition of meteorological seasons rather than astronomical seasons 

is used so that the results 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 (September 1 – November 30); and, 4 = winter 

(December 1 – February 284). 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 sexual crimes, 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. 

Results 

Circular Plots 

 
4 During this five-year period, there was one leap year: 2004. During this year, if a sexual crime took place on February 
29, the decision was made to code this event as taking place in the winter season. 
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The circular plots showing the counts of sexual crimes at the seasonal-, monthly-, daily-, 

and hourly-levels are presented in Figures 1 through 4 in the Online Appendix. Referring to the 

seasonal variations in Figure 1, it is immediately evident that the majority of these crimes 

occurred during the summer season, both when referring to the pooled data as well as the 

individual years. Figure 2 displays the circular plots of sexual crime counts at the monthly level. 

Although there is more variation at this temporal scale, a patterning does appear in that the 

majority of these crimes occurred during the months of March, May, June, July, August, and 

September. Few sexual crimes took place during the winter months between October and 

February. Figure 3 displays the counts of sexual crimes that took place on each of the seven days 

of the week. Interestingly, findings indicate that sexual crimes tended to peak during mid-week 

rather than on the weekends. Specifically, sexual crimes 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). Finally, the circular plots for hourly 

patterns are displayed in Figure 4. A visual inspection of these plots indicates that the counts of 

sexual offenses differ depending on what year of data is being analyzed. For instance, in 2002 

and 2003, sexual crimes 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 crimes primarily occurred between the hours of 11:00 and 

17:00, as well as between 20:00 and 21:00. Lastly, in 2006, sexual crimes primarily occurred 

between the hours of 8:00 and 16:00, as well as at 18:00 in the evening.  

Rayleigh’s Z Tests 

Although informative and descriptive in nature, circular plots do not provide a test of 

significance that would allow for conclusions to be made about whether sexual crimes were 
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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 1. 

Findings indicate that when the data for all five years are pooled together, there were statistical 

differences across the seasons, months, days, and hours of the day, meaning that there was a 

directional trend to when sexual offenses occurred at all four scales, and that this patterning was 

not random in nature. However, when each year was examined individually, there were statistical 

differences in when sexual offenses occurred at the seasonal-, monthly-, and hourly-level for 

most years, but not for the days of the week. [INSERT TABLE 1 ABOUT HERE] 

Watson’s U2 Tests 

Findings from the Watson’s U2 analyses across time for the seasonal, monthly, daily, and 

hourly variations are presented in Table 2. For the seasonal pairwise comparisons, findings from 

Table 2a indicate that when compared to the data where all years are pooled together, significant 

differences emerged for each individual year. 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 offenses 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 offenses that took place in 2006, significant differences did 

emerge. In other words, the sexual offenses that occurred in 2006 took place in a different 

season(s) than those that took place in 2002, 2003, 2004, and 2005. 

Findings comparing the monthly distribution of sexual offenses at both aggregate and 

disaggregate time periods are presented in Table 2b. Similar to the seasonal comparisons above, 

significant differences were found at the monthly level between the data where all years are 
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pooled together and each individual year. Significant monthly variations were also found 

between the years 2002 versus 2004, 2003 versus 2005, and 2005 versus 2006. All other pairwise 

comparisons (i.e., 7 of 10) were insignificant suggesting that sexual offenses peak and trough in 

the same month(s) from year-to-year.  

Findings from the pairwise comparisons of the daily distribution of sexual offenses are 

displayed in Table 2c. As with the seasonal and monthly distributions of sexual offenses, 

significant differences were found at the daily level when the pooled data were compared to each 

individual year. Findings from the pairwise comparisons between the years 2002 to 2006 indicate 

that sexual crimes occurred on the same day(s) of the week over time as no significant 

differences emerged. [INSERT TABLE 2 ABOUT HERE] 

Lastly, findings from the pairwise comparisons at the hourly level are displayed in Table 

2d. Overall, findings from the majority of the pairwise comparisons indicate that sexual offenses 

occurred during the same hour(s) of the day. The only statistically significant differences were 

between all of the years pooled together and 2003 and 2006, as well as the pairwise comparison 

between 2005 and 2006, meaning that sexual offenses 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. 

Discussion 

This study employed circular statistics to analyze the distribution of sexual offenses 

around four units of time: seasons, months, days, and hours. This study improves upon prior 

work in the following ways. First, we used population-level data to examine the variation of 

sexual offenses at all four temporal scales using one dataset. In doing so, the temporal nature of 
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sexual offending can be better understood as the findings are more representative of the types of 

sexual crimes that are reported to police services, rather than focusing on a specific subtype that 

might be relatively rare (e.g., outdoor rape). Second, by statistically testing for and detecting 

intra-week temporal patterns, we not only contribute to this small literature, but we use these 

findings to suggest improvements to both theory and current policy/ practice, as will be 

discussed below. Lastly, to our knowledge, this is the first study to test for the consistency of 

temporal patterns at all four scales over annual measurements. Because of the scope of our data, 

our methods, and the breadth of temporal scales applied in this research, we are able to better 

understand the patterning of sexual offenses. 

Overall, and to answer the first research question more generally, the findings suggest 

that there is a patterning to when sexual offenses occur. However, the nature of these patterns 

differed when tested using smaller temporal scales. At the seasonal level, 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 

assault peaks during the summer season. Results from the monthly patterns, too, revealed that 

sexual offenses occurred during the warmer months of the year, mainly from March to 

September. Thus, these findings fit into the larger literature by observing the same patterns as 

previous studies, all the while using a different methodology. The gradual increase in sexual 

offenses beginning in March, peaking in May or June, and slowly declining until September, 

corresponds well with the increasing amount of daylight hours gained during this time of the 

year. This often translates into reduced guardianship within, or nearby, the home as both children 

and adults spend more time outdoors, increasing the supply of motivated offenders who are able 

to interact with suitable targets to make this type of victimization more likely. Even for those 
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sexual offenses that occur in the private sphere (i.e., within the home), increases in testosterone 

levels (and subsequently aggression and sexual drive) as the temperature begins to rise could 

explain the patterns found here, at least for some offenders. Indeed, while the relationship 

between testosterone and sexual aggression is not yet fully understood due to methodological 

limitations in previous work (Wong & Gravel, 2018), some evidence suggests that it plays at 

least a partial role in the etiology of this type of violence (e.g., Studer, Aylwin, & Reddon, 2005). 

Although there is some redundancy in the current study in terms of the knowledge gained 

from analyzing the temporal patterns at both the seasonal and monthly scales, this additional 

level of specificity is warranted as there could be significant changes across months – depending 

on the context – even within one season. Indeed, had only seasonal trends been investigated, the 

observation that sexual assaults begin to increase in March and decline through September would 

have been masked. These findings actually support the idea that temporal trends of sexual assault 

might be sufficiently understood by using months as a starting point and then moving to lower 

scales.  

In terms of intra-week patterns, it was interesting that from a statistical standpoint, the 

distribution of sexual offenses across the days of the week are random. Indeed, no statistically 

significant results emerged at this temporal scale, despite descriptive results suggesting that these 

crimes peaked mid-week (i.e., Wednesdays). Regardless, the mere fact that no significant 

clustering during the weekend (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 
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during nighttime hours; however, she used outdoor rape data specifically, which are events that 

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 crimes 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 crime; 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.  

Relatedly, it could also be that the lack of a significant difference between weekdays and 

weekend days is because sexual offenses against children could not be separated from those 

against adults in the data. If sexual crimes against children are primarily committed throughout 
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the week, and crimes against adults primarily committed on weekends, due to differences in 

routine activities, then the two patterns could be washing each other out. 

Another possible explanation for the random patterns found at the daily-level 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. This is unlike other developed 

nations, such as the United States and the United Kingdom, that primarily classify sexual crimes 

based on the type of sexual act(s) engaged in during the commission of the crime, rather than the 

degree of violence exhibited by the offender towards the victim. This is noteworthy because 

many of the previous intra-week studies on sexual crimes have focused on rape specifically. 

Thus, the insignificant patterns found here may be specific to the Canadian context and/or the 

product of aggregating across classifications of sexual assault, some of which are much easier to 

commit than others, especially in terms of opportunity and the amount of time required (e.g., no 

contact or sexual contact behaviors; see Hewitt & Beauregard, 2014). 

Unlike what was found for days of the week, a clearer hourly pattern emerged; that is, 

many sexual offenses occurred mid-day, between approximately 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, with the exception of Snyder’s (2000) work. Recall that in this study, 

sexual offenses against child victims were more frequent during traditional meal times as well as 

in the hours leading up to 15:00. Thus, the observed increase in the count of sexual assaults 

occurring in the early to mid-afternoon alludes to the possibility that many of the victims in the 

current study were children (see footnote 2, above) who require the assistance of adults at certain 

times of the day (thus providing opportunities for offending). This observation also overlaps with 

the time of the day in which the majority of school-aged children are let out from the confines of 
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school, thus providing even more opportunity for offending at this time since they are being 

released from the care of place managers 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 offenses. 

Taken together, it is argued that the intra-week findings 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 crimes occurred during different days of 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 

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 was 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 hourly patterns also demonstrate that there 

are weaknesses in the current way that we apply routine activities theory to understand sexual 

offending (where and when it occurs). By simply stating that sexual offenses are likely to occur 

when motivated offenders, suitable victims/targets, and capable guardians intersect in time and 
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space while engaging in their routine activities, we miss many of the nuances that would allow 

us to better understand the etiology of this crime type and possible methods of prevention. By 

looking at the temporal patterns of crime at the finest cone of resolution, it forces us to re-

conceptualize what specific aspects of our routine activities (and where and when they occur) 

make us more vulnerable to crime. 

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, the mean angle values for 

the pooled data and individual years were comparable at the seasonal and hourly scales. This 

leads to the conclusion 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 angle 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 for sexual crime 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 tests indicated that the timing of sexual crime seasonally, 

monthly, daily, and hourly, did not change. The only exception to this was the pairwise 
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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 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 and each individual year. An 

increased sample size with the aggregated data – and thus sufficient power to detect these 

differences – may have contributed to these findings, and/or they might suggest 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. If the latter case, potentially spurious/incorrect 

inferences could 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 scale. In fact, hardly any significant differences emerged at the hourly-level which 

may indicate two things: (1) that conclusions about when sexual crimes occur during the course 

of the day can be generated from aggregated yearly data as there is very little variability from 

year-to-year, and (2) that any prevention-based policies or recommendations that take into 

account the most dangerous times for this crime type would be best informed by the findings 

from this temporal scale. 

Conclusion 

The current findings support the overall conclusion that is emerging from the crime and 

place literature more generally; that is, the importance of examining crime patterns – whether 

spatial or temporal – 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. Our findings have a number of 
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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 annually. Thus, the current 

findings not only push the seasonality and intra-week temporal patterns of sexual offenses 

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., 

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. 

In terms of primary and secondary prevention efforts, these findings inform law 

enforcement officials of when sexual offenses 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 crimes, but they should be doing so at the times when 

these offenses are most likely to occur. These findings may also help to better inform police 

scheduling, as it may be worthwhile to increase staff during the summer season, as well as mid-

day, when the incidence of sexual crime is expected to peak. Although it is well known that 

many of these crimes occur within residences and by known offenders to the victim, such 

information may be instructive for stranger/outdoor sexual assaults. This information may also 

be useful to those in place manager or other guardianship positions of individuals at risk for 
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sexual crime (e.g., school principals, bar or restaurant managers, caregivers, babysitters and/or 

parents). By knowing those times at which the risk for contact with potential offenders is the 

greatest, especially those who are unknown to or are not currently being monitored by the 

criminal justice system, extra guardianship measures can be put in place in high-risk areas 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 (e.g., those with disabilities) 

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 daytime hours are equally, if not more so, dangerous, especially for child 

victims (see Snyder, 2000). 

In terms of tertiary prevention for those sexual offenders who are known to the criminal 

justice system, it is suggested that a temporal element, in addition to space, be worked into 

legislation such as residence restrictions and GPS monitoring. While it is widely recognized that 

geographic policies for sexual offenders are not empirically-supported, not evidence-based, and 

do not seem to have any significant effect on rates of offending (see, for example, Barnes, 

Dukes, Tewksbury, & De Troye, 2008; Levenson & Cotter, 2005; Tewksbury & Levenson, 

2007; Zandbergen, Levenson, & Hart, 2010), they still persist as popular mechanisms to manage 

sexual offenders in the community. In fact, the public’s acceptance of myths surrounding this 

offender group and the resulting “perpetual moral panic” that has been created are factors that 
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contribute to these laws becoming increasingly more punitive over time (Klein & Cooper, 2019, 

p. 1). Because it is unlikely that this legislation will be amended or eradicated in the near future, 

we argue that these findings may help to improve these blanket policies that are typically applied 

to most released sexual offenders. Easing monitoring restrictions during ‘low-risk times’ would 

be helpful for the majority of offenders who pose a low-risk of sexual recidivism, but who are 

still subjected to these policies. Conversely, increasing monitoring restrictions during ‘high-risk’ 

times may allow for more effective monitoring of those offenders who do pose a higher sexual 

recidivism risk to the community. 

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, do not 

go on to sexually recidivate (Hanson & Bussiere, 1998). 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 offender upon release, and ways to 

avoid them. In doing so, the spatial decision-making underlying offenders’ criminal behavior 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. 
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This study, however, is not without limitations. First, 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 assault 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, Letourneau, Saunders, 

Kilpatrick, Resnick, & Best, 2000). Thus, data relating to the hour or day of the event may be 

unknown to the victim, or difficult to recall, 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. Finally, it was not 

possible to disaggregate the findings by victim-offender relationship due to data access issues, 

nor could we disaggregate by type of sex crime (e.g., rape, sexual touching, other forms of sex 

crimes) because of the way in which sexual assault is defined in Canada, and subsequently 

recorded by police services during the study period. The implication of this is that these findings 

are context specific and thus it may not be possible to directly compare the temporal trends found 

here with those in other countries. Had disaggregation been possible, it is difficult to speculate 

about anticipated trends given the variable temporal findings reported in previous work. 

Generally, however, one might expect that more intrusive sexual crimes (e.g., rape) that often 

require more time to complete in comparison to those that are less intrusive to the victim (e.g., 
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sexual touching) would more frequently occur during the times of the day, days of the week, 

months of the year, and seasons when capable guardianship is limited. 

For future research, 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. This may be particularly of interest if these crimes are committed by those already on 

monitoring or surveillance: relative to the intensity of their monitoring, when do their crimes 

occur? It would also be useful to assess these temporal patterns in greater depth by further 

disaggregating police incident data by location, level of violence inflicted on the victim during 

the assault, and/or type of sexual offense to determine if other temporal patterns emerge that 

differ from those found here. The latter would be most useful by analyzing data from other 

developed nations that do define sexually-based offenses based primarily on the nature of the 

sexual act(s) engaged in during the commission of the crime. However, before more specific 

temporal patterns can be discerned, it was first important to establish that baseline temporal 

clustering exists for this crime type. Third, it would be of interest to link the event-level data 

with the subjects involved, as much of the temporal patterns found here might be explained from 

a routine activity perspective by determining the age of the victim involved. For instance, to 

know with certainty whether the victims were children or adults would allow for stronger 

conclusions to be drawn about why sexual crimes 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. Lastly, the data made available to us are now over 10 years old. This is due to the rare and 

sensitive nature of this crime type. Future research needs to consider newer data to investigate 

the stability of these patterns over time.  
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Table 1: Rayleigh’s Z statistics 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 < .10; *p < .05; **p < .01; ***p < .001. 
aMean angle could not be calculated. 
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Table 2: Watson’s U2 statistics comparing the seasonal, monthly, daily, and hourly distributions 
of sexual crimes, 2002 – 2006. 

a) Seasonal 
 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+ 

b) Monthly 
All Years .27** .25* .29** .19* .39*** 
2002  .03 .22* .14 .09 
2003   .06 .17+ .05 
2004    .14 .12 
2005     .25* 

c) Daily 
All Years .49*** .50*** .52*** .64*** .67*** 
2002  .02 .03 .04 .08 
2003   .04 .02 .03 
2004    .02 .06 
2005     .03 

d) Hourly 
All Years .09 .16+ .11 .08 .28** 
2002  .02 .07 .05 .04 
2003   .11 .09 .02 
2004    .03 .19 
2005     .17+ 
+p < .10; *p < .05; **p < .01; ***p < .001. 

 


