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Abstract 

Objectives: Crime pattern theory and the related empirical research have remained rather a-temporal, as if the tim-

ing of routine activities and crime plays no role. Building on previous geography of crime research, we extend crime 

pattern theory and propose that an offender’s spatial knowledge acquired during daily routine activities is not equally 

applicable to all times of day.

Methods: We put this extended theory to a first empirical test by applying a discrete spatial choice model to detailed 

information from the Netherlands on 71 offences committed by 30 offenders collected through a unique online 

survey instrument. The offenders reported on their most important activity nodes and offence locations over the past 

year, as well as the specific times they regularly visited these locations.

Results: The results show that almost 40% of the offences are committed within the neighbourhoods of offend-

ers’ activity nodes, increasing to 85% when including first-, second- and third-order neighbourhoods. Though not 

statistically significant in our small sample, the results further suggest that offenders are more likely to commit crime 

in neighbourhoods they have regularly visited at the same time of day than in neighbourhoods they have regularly 

visited at different times of day.

Conclusion: Our extension of crime pattern theory is only tentatively supported. We argue for replication research 

with larger samples before any firm conclusions are warranted.

Keywords: Crime pattern theory, Routine activities, Time of day, Time-specific Activity Space (TAS) survey, Discrete 

spatial choice
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Introduction
Background

Why do crimes occur both where and when they do? 

Environmental criminologists have been studying these 

questions for decades (Wortley and Townsley 2017). 

Much research has focused on the spatial clustering of 

crime (e.g., Chainey and Ratcliffe 2013; Eck et  al. 2005; 

Sherman et  al. 1989), on patterns of (near) repeat vic-

timization (e.g., Bowers and Johnson 2005; Farrell et  al. 

1995; Morgan 2001) and on seasonal variations in crime 

(e.g., Andresen and Malleson 2013; Ceccato 2005; Lin-

ning et al. 2017). Since the 1970s, a number of key envi-

ronmental criminological theories have been developed 

for understanding why such spatio-temporal crime pat-

terns exist. Instead of individuals’ motivations to engage 

in crime, these theories start from the spatio-temporal 

organization of people’s activities and opportunities for 

crime. Cohen and Felson (1979) defined the crime event 

as the convergence in space and time of a motivated 

offender with a suitable target in the absence of capable 

guardians.

Where such convergences are most likely to occur is 

best understood using the geometry of crime in crime 

pattern theory (Brantingham et  al. 2017; Brantingham 

and Brantingham 1981, 1993). According to this theory, 
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everyone—including offenders—develops an individ-

ual awareness space that consists of their major routine 

activity nodes such as home, school, workplaces, and lei-

sure activity locations (i.e. their activity space), the travel 

paths that connect them and everything within the visual 

range of the offender. When visiting these activity nodes, 

offenders acquire knowledge of their spatial environ-

ment (Brantingham and Brantingham 1981). As depicted 

in Fig. 1, the theory posits that offenders are most likely 

to commit crime (the red stars) at those locations where 

their individual awareness space (in white) intersects 

with the spatial distribution of suitable targets (the dark 

ellipses).

Over the past decades, a considerable body of knowl-

edge has been developed about the locations where 

offenders tend to commit crime (for a comprehensive 

literature on crime location choice, see Ruiter 2017). 

Research showed that offenders commit crimes near 

their current and former residential homes (e.g., Bau-

dains et  al. 2013; Bernasco and Kooistra 2010; John-

son and Summers 2015), as well as those of close family 

members (e.g., Menting 2018; Rossmo et  al. 2014) and 

friends (e.g., Wiles and Costello 2000). Offenders are 

also likely to return to previously targeted areas (e.g., 

Bernasco et al. 2015; Van Sleeuwen et al. 2018) and they 

commit offences close to other routine activity nodes 

such as their schools, workplaces and locations for leisure 

activity (Menting et al. 2020).

Although the core of crime pattern theory explains 

spatial patterns in crime, it also addresses temporal 

crime patterns by acknowledging that target attractive-

ness can be time-varying. A place might be attractive 

for crime during the day but unattractive at night. For 

example, homes are often occupied in the evening and 

night but vacant during office hours, whereas this pat-

tern is reversed for most businesses and facilities. Fig-

ure 2 depicts this by decomposing the locations of targets 

from Fig. 1 into time-varying target attractiveness, show-

ing that the same place can be attractive for an offender 

during the day but not so much during the night. Hence, 

offenders are only expected to commit crime at those 

places when targets are attractive.1 Brantingham et  al. 

(2017) recently provided an example of this when they 

Fig. 1 Predicted crime locations according to crime pattern theory 

(adapted from Brantingham and Brantingham (1981, p. 42))

Fig. 2 Attractive targets are present at different locations during the day (left) and during the night (right), impacting the predicted crime locations 

at different times of day

1 For clarity reasons, we only show the presence or absence of attractive tar-

gets (the grey circles). In reality, target attractiveness might vary more gradu-

ally over time.
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stated that “the argument for complete randomness of 

targets and victims is no longer plausible” (p. 98).

The present study

We argue that Fig. 2 only tells half of the story. Building 

on previous geography of crime research, the aim of this 

article is twofold. First, expanding upon previous theo-

retical arguments made by others (see e.g., Curtis-Ham 

et al. 2020; Johnson et al. 2007; Van Sleeuwen et al. 2018), 

we argue how crime pattern theory needs to be extended 

to better understand both where and when crimes are 

committed. Specifically, we argue that the theory needs 

to include time-varying applicability of spatial knowl-

edge. Although time-varying target attractiveness is 

acknowledged (see Fig.  2), crime pattern theory has so 

far ignored that specific knowledge of one’s spatial envi-

ronment acquired during daily routines might only be 

applicable to specific times. All tests of the theory thus 

far have implicitly assumed a-temporal and time-stable 

awareness spaces, which suggests that offenders would be 

equally aware of criminal opportunities at different times 

of the day irrespective of when they actually visit the 

places during their routine activities. From this assump-

tion follows that offenders would commit offences in all 

possible places within their awareness spaces at any time 

and day. We question this assumption and posit that the 

spatial knowledge offenders acquire during their daily 

routine activities is often only applicable at certain times 

of day (also see Van Sleeuwen et al. 2018).

Van Sleeuwen et  al. (2018) already argued that repeat 

offenders would especially return to previously targeted 

areas at the same time of day, while Johnson et al. (2007) 

applied the idea of similarity in time of day to the spe-

cific case of (near) repeat burglary events. In the present 

study, we generalize these claims to all offenders and 

other activity nodes by reconceptualising the concept of 

awareness space itself. Awareness spaces clearly comprise 

all kind of activity nodes; not only prior crime locations. 

And although Curtis-Ham et al. (2020) mention the simi-

larity of prior activity timing as one of the ‘relevance’ fac-

tors in their theoretical framework for estimating crime 

location choice based on awareness space, they do not 

specify the underlying mechanism regarding the tempo-

ral applicability of spatial knowledge. Our first contri-

bution is thus theoretical: the applicability of the spatial 

knowledge offenders acquire during their daily routine 

activities needs to be conceptualized as time-varying in 

crime pattern theory. We argue for this extension of the 

theory in order to provide a better explanation for why 

crimes are committed not only in certain places, but also 

at certain times.

Second, as a first empirical test of our extended theory, 

we designed an online survey in which we examined the 

time-specificity of offender activity spaces in more detail. 

Most empirical research on crime patterns uses police 

data, which generally contain very limited information on 

the activity spaces of offenders. Often only the home and 

offence location are known (Ruiter 2017). In addition, 

the one study that investigated other activity nodes such 

as schools, workplaces and leisure activities (Menting 

et al. 2020), did not measure at what times of day these 

places were visited nor the timing of the offences. Lastly, 

the few ethnographic studies that investigated temporal 

crime patterns in relation to a variety of different activ-

ity nodes were all based on qualitative research designs 

that did not systematically record an extensive set of rou-

tine activity nodes for all offenders that were interviewed 

(e.g., Cromwell et al. 1991; Rengert and Wasilchick 2000). 

In the present  study,  we measured not only the offend-

ers’ most important activity nodes and offence locations 

in the previous year, but also recorded the specific times 

they regularly visited these activity nodes. �is allows 

for a first test of hypotheses derived from our extended 

crime pattern theory about time-varying applicability of 

spatial knowledge using discrete spatial choice models.

Extending crime pattern theory with time-varying 

applicability of spatial knowledge

Crime pattern theory acknowledges that some character-

istics of places that affect their crime attractiveness are 

time-varying (e.g., home occupancy in residential neigh-

bourhoods, or the number of cars parked on a parking 

lot), while other features are relatively time-stable (e.g., 

the presence of locks and escape routes). As offenders go 

about their daily routines, they acquire important infor-

mation about both these time-varying and time-stable 

features surrounding their routinely visited locations. 

�is information will then be used in their criminal deci-

sion-making (see Fig. 2).

However, crime pattern theory has not been explicit 

about the degree in which offenders’ acquired knowledge 

of their (partly time-varying and partly time-stable) spa-

tial environment is actually applicable at different times 

(also see Van Sleeuwen et  al. 2018). By definition, the 

acquired knowledge of time-constant characteristics will 

apply regardless of the specific time. But the same can-

not be said of time-varying characteristics: knowledge of 

time-varying features might only apply to specific times 

of day (i.e., the same times of day at which this knowl-

edge was acquired). Of course, using simple heuristics, 

part of the knowledge that relates to time-varying fea-

tures might also be generalizable to other times of day, 

and the offender may act accordingly. Even if offenders 

might have specific routine activity nodes they exclu-

sively visit during the day, such as workplaces or shop-

ping malls, they could still make good estimations about 
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what the situation would be like at night. For example, 

based on the regular opening and closing hours of super-

markets, offenders who only visit those places during 

daytime shopping can still make reasonably good infer-

ences about not many people being at that location after 

9 pm because the shop is then closed.

Nevertheless, the knowledge that people gain about a 

certain area at a certain time of day by directly observ-

ing it during their routine visits, is more accurate and 

therefore better applicable to what the situation would 

look like around that time of day than a generalization 

based on heuristics. For example, the area around the 

supermarket might actually be quite busy after 9  pm 

for a completely different reason. Hence, the acquired 

knowledge of a certain activity node will be more appli-

cable when the node was previously visited at a similar 

time. Let’s revisit the crime pattern theory diagrams and 

imagine that it shows the awareness space of an offender 

who regularly visits three activity nodes: his home, his 

work location, and his favourite bar in a drinking area. 

As the offender only visits the drinking area late at night, 

he develops spatial awareness that mainly applies to the 

nighttime setting and it is unrealistic to assume that the 

knowledge about the area is equally applicable to the 

daytime setting. At night, his spatial knowledge thus 

best applies to the area where the bar is located. In the 

daytime, the offender is expected to have more accurate 

knowledge about suitable targets in the area he usually 

visits during office hours, because he works there. At 

both times, the offender will be aware of what the situa-

tion is like in his home area. As depicted in Fig. 3, we thus 

argue for time-varying applicability of spatial knowledge: 

the awareness space itself (in white) differs between day-

time and nighttime, and not only the locations of attrac-

tive targets as per Fig. 2.

Although Van Sleeuwen et  al. (2018) also argued for 

time-specific applicability of spatial knowledge, our argu-

ment expands upon theirs. Van Sleeuwen et  al. (2018) 

argued that offenders develop time-specific knowledge 

of crime locations and offenders would therefore commit 

their repeat offences in the same areas at similar times as 

the prior offences. In the present paper, we generalize this 

idea and reconceptualise the awareness space concept 

itself. We posit that the applicability of spatial knowl-

edge about the entire awareness space is time-specific, 

not only for previous crime locations. �is implies that 

awareness spaces are not merely spatial, as suggested by 

Fig. 1, but in fact temporally varying due to the fact that 

people visit routine activity nodes at certain times of day 

and thus acquire spatial knowledge that is best reflective 

of those times. �is implies that knowledge of suitable 

targets in certain areas would also be most applicable at 

the times of day these areas were visited.

Of course, offenders also acquire knowledge about 

time-stable features of the environment and for many 

time-varying features often simple heuristics suffice. For 

example, by knowing the opening hours of businesses and 

facilities one can generally estimate reasonably well when 

certain areas will be crowded with people and when they 

go quiet. For this reason, we expect that even though the 

offender’s knowledge about the crime attractiveness of an 

area he only visits during the day might be less applicable 

to that area at night (or vice versa), his knowledge about 

that particular area is still somewhat applicable to that 

area. �e offender thus has some knowledge of the area, 

certainly more than that of any other area he does not 

routinely visit. Routinely visiting an area at a specific time 

of day will thus provide spatial knowledge about the area 

that is best applicable to situations at that specific time, 

and less—but still somewhat—predictive for situations at 

Fig. 3 Extended crime pattern theory, illustrating the applicability of spatial knowledge during the day (left) and during the night (right)
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different times. Based on our extension of crime pattern 

theory to understand both the spatial and temporal pat-

terns in crime, we derive a first set of testable hypotheses 

about where offenders are expected to commit offences 

at specific times of day:

Hypothesis 1 Offenders are more likely to commit 

crime in areas they have regularly visited at the same 

time of day than in areas they have regularly visited at 

different times of day.

Hypothesis 2 Offenders are more likely to commit 

crime in areas they have regularly visited at different 

times of day than in areas that are outside their activity 

space.

Data and method
In order to examine the time-varying applicability of spa-

tial knowledge in more detail and test our hypotheses, 

we designed the Time-specific Activity Space (TAS) sur-

vey. In this online survey, a sample of offenders reported 

extensively on the locations of the most important activ-

ity nodes they had regularly visited the year prior to the 

survey and at what times of day and days of week they 

had visited these nodes, as well as where and when they 

had committed offences. In the remainder of this section, 

we discuss the design of the study and the sampling pro-

cedure, the contents of the questionnaire, and how we 

operationalized our measures as well as the method used 

for testing our hypotheses.

Study design and sampling procedure

After obtaining permission of the Ministry of Justice and 

Security and Dutch National Police for our study design 

and a positive advice from the Ethics Committee for 

Legal and Criminological Research of the Vrije Univer-

siteit Amsterdam, data on suspects from the Dutch police 

regions �e Hague and North-Holland for the year 2017 

were obtained. Although information about the final con-

viction rate for this specific group was not available in the 

police data, in general, more than 90% of police suspects 

are found guilty at a later stage (Blom et  al. 2005). For 

inclusion in our sample, a suspect needed to (1) have at 

least one recorded offence in 2017 that was filed to the 

public prosecutor, (2) be 18 years or older at the time of 

the sample selection, and (3) have a valid home address 

in the Netherlands for sending the invitation letter. Due 

to a stricter interpretation of the Dutch police data law, 

the original suspect dataset obtained from the police only 

included relatively minor offences that the police did not 

need a 72-h investigation for (such as vehicle theft and 

shoplifting). �erefore, only offenders with less serious 

offences and shorter offence histories were available for 

possible inclusion in our study. Of the 4102 suspects that 

met criteria (1) and (2), 3786 (92.3%) could be matched 

with Dutch information system on residential addresses 

(Basisregistratie Personen; BRP) to obtain a valid home 

address.

Following the same study design as used by Menting 

et  al. (2020), respondents were approached by sending 

them an initial invitation letter, which contained a link to 

our project’s website and a unique login token for access-

ing the online survey. All non-respondents were sent a 

reminder letter after 1.5 weeks. At the beginning of the 

survey, respondents were presented a detailed informa-

tion page about the research project, the contents of the 

questionnaire and a privacy statement.2 �e survey could 

only be started after digitally signing the informed con-

sent form. After completing the full survey, respondents 

were sent a gift card of 25 euro. �e invitation letters 

were sent in several batches from May to July 2019. 

When the survey was taken offline at the end of August 

2019, a total of 501 respondents had started with the sur-

vey (42 letters were returned as undeliverable; response 

rate 13.4%)3 and reported about 1990 different activity 

nodes. 363 respondents had fully completed the survey, 

of which 30 respondents reported having committed at 

least 1 crime in the year prior to the survey.4 In total, they 

reported on 71 unique crimes.

Time-speci�c Activity Space (TAS) survey

�e survey first asked to report on daily and weekly routine 

activities, categorized in seven different domains: (1) resi-

dences, (2) schools, (3) jobs, (4) sports activities, (5) shop-

ping, (6) going out, and (7) any other activities, for which 

respondents could specify the type of activity themselves. 

For each domain, the respondents were asked to indi-

cate whether they had visited such an activity node about 

weekly over the past year. If so, they were asked for a maxi-

mum of six locations per domain to pinpoint the exact 

location using the Google Maps functionality included in 

the LimeSurvey platform to which we added an interactive 

search bar: three for current activity locations and three 

2 We explicitly stated that all the given answers of the respondents would be 

carefully stored on a secure server that only employees of the study could 

access and that we would never share the completed answers with any other 

party. In this way, our aim was to encourage respondents to report about any 

crime in the past year, both known and unknown to the police.
3 Response rate as of September 2020. �is response rate is comparable 
to the 12.4% response in the study of Menting et al. (2020) and the 18.3% 
response in the nationwide online transportation survey of Statistics Neth-
erlands (Statistics Netherlands, 2016).
4 �e offenders were selected in 2017 but asked about their offending in 
2018–2019 (i.e. the year prior to the survey date). �is lag was due to time 
delays in accessing police data and because we did not want to miss out on 
potential imprisoned respondents.
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for past activity locations (except for residences, as only 

one current home location could be reported and up to a 

maximum of five prior home locations in the past year). 

�e pinpointed locations were automatically geocoded by 

storing the longitude-latitude information.

For each of these locations, respondents indicated dur-

ing which days of the week and times of the day they had 

usually visited that location in the past year. For each day, 

we presented the respondents with eight possible time 

slots of three hours each (starting from midnight-3  am 

and ending at 9  pm-midnight). Respondents were also 

asked during which months of the previous year they had 

regularly visited that location.

In the second part of the survey, we asked respondents 

whether they had committed the following crime types 

in the past year: (1) residential burglary, (2) theft of/from 

a bicycle, car or other (motor) vehicle, (3) theft from a 

shop/shoplifting, (4) theft (of an object) from a person, 

(5) robbery, (6) assault, and (7) vandalism. For up to three 

incidents per crime type, we asked respondents to pro-

vide spatio-temporal details, similar to the spatial and 

temporal survey questions regarding their routine activi-

ties: the exact location on an interactive map of the Neth-

erlands, and in which month of the year, day of the week 

and 3-h time slot the crimes were committed.

For each of the seven activity domains as well as for 

each reported crime type, respondents were asked to 

indicate the accuracy of their responses for the locations 

(i.e., whether their selection indicates a specific address, 

street, neighbourhood, or city), as well as the accuracy of 

the reported time slots of the day, days of the week and 

months of the year (i.e., very accurate, reasonably accu-

rate, reasonably inaccurate, very inaccurate).

Operationalization and method

In order to determine the adequate spatial and temporal 

resolution for our unit of analysis, we first checked the 

reported level of accuracy for the seven routine activity 

domains and the five different reported  types of crime. 

Spatial accuracy was generally higher for the reported 

routine activity nodes than for the crimes. However, for 

all 12 categories combined, more than three-quarters 

of the locations were indicated to be reported at least 

at the neighbourhood level. �erefore, we geocoded 

the longitude–latitude information to one of the 13,305 

unique neighbourhoods in the Netherlands for the year 

2018, with a median area of 0.66  km2 (mean = 2.63, 

range = 0.02–130.14) (Statistics Netherlands 2019). To 

ensure that activity patterns preceded the crimes, we 

removed those activity nodes respondents only started 

visiting after the crime event. For more than 80% of the 

reported times in the survey, the respondents indicated 

the timing of their routine and criminal activities in the 

eight different 3-h time slots as “reasonably accurate” or 

“very accurate”. �e data show that our 3-h time slots 

offered respondents a more detailed temporal granularity 

than necessary: most locations are visited across a num-

ber of 3-h time slots. We therefore divided the time of 

day category into the two most distinct time blocks: day-

time (6 am–6 pm) vs. nighttime (6 pm–6 am).5

�e dependent variable crime committed in neigh-

bourhood (1 = yes; 0 = no) indicates whether or not an 

offence was committed in a specific neighbourhood. 

For each of the 71 crimes, the neighbourhood in which 

the offender had committed the offence was assigned a 

score of 1, while all other 13,304 neighbourhoods were 

scored 0. �e independent variable neighbourhood rou-

tinely visited (1 = yes; 0 = no) indicates whether or not a 

neighbourhood was part of the offenders’ activity space 

in the period before or during the crime event. A score 

of 1 was assigned to all the neighbourhoods the offender 

routinely visited and all other neighbourhoods were 

scored 0. In order to test our hypotheses, we combined 

the neighbourhood and timing information into two 

independent variables: neighbourhood routinely visited 

at same time of day as crime event (1 = yes; 0 = no) and 

neighbourhood routinely visited at different time of day as 

crime event (1 = yes; 0 = no). For example, when a certain 

neighbourhood was routinely visited by an offender dur-

ing the night (i.e., inside the nighttime activity space of 

the offender) and the crime was committed during the 

day (or vice versa), the former variable scored 0 and the 

latter scored 1. When a crime was committed during the 

day in a neighbourhood that was also part of the offend-

er’s daytime activity space (or both during the night), or 

when crime was committed in a neighbourhood that was 

both part of the offender’s daytime and nighttime activity 

space, the former variable scored 1 and the latter 0.6

To provide a first empirical test of our extended crime 

pattern theory, we estimated a conditional logit model as 

commonly applied in crime location choice research (Ber-

nasco and Ruiter 2014; Ruiter 2017). �e choice outcome 

is the neighbourhood the offender selected for commit-

ting the offence. Because each of the 71 offences could 

have been committed in any of the 13,305 neighbourhoods 

5 Although the theoretical arguments made about differences between day-

time and nighttime activity spaces (see "Extending crime pattern theory with 

time-varying applicability of spatial knowledge" paragraph) could also be 

applied to weekdays vs. weekends, we were not able to empirically test this 

hypothesis because there was too much overlap between the activities that 

took place on both weekdays and weekends (i.e. many locations were visited 

during both).
6 We also estimated a conditional logit model with three independent vari-
ables that also includes the variable neighbourhood routinely visited at both 

same and different time of day as crime event (see Table 3 in the Appen-
dix), but the overall conclusions with regard to our hypotheses remained 
the same.
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of the Netherlands in 2018, the final dataset for analysis is 

a data matrix of 944,655 rows (containing 13,305 neigh-

bourhood rows for each of the 71 crimes to be explained). 

Because the small sample size does not justify using normal 

standard errors, we calculated bootstrapped standard errors 

based on 100 samples. �ese were also cluster-corrected, 

because the 71 offences had been committed by 30 differ-

ent  offenders. �e results of the conditional logit models 

are presented using odds ratios (ORs) and their respective 

bootstrapped cluster-corrected standard errors (SEs). As 

the independent variables score 0 when the offender had 

not routinely visited a certain neighbourhood before and 

therefore that neighbourhood is outside the activity space of 

the offender (i.e., the reference category), the effects of the 

study variables are expected to be positive with odds ratios 

greater than 1.

Results
Descriptive statistics

We start this section with descriptive statistics of the 

offenders and their offences. Half (i.e. 15) of the 30 

offenders reported having committed only a single 

offence in the year prior to the survey. �ree offend-

ers had committed two offences, nine offenders three 

offences, and the remaining three offenders had com-

mitted 4, 8, and 11 offences, respectively. Regarding the 

specific type of offences, the following frequencies were 

observed for the 71 offences in the dataset: two residen-

tial burglaries, nine thefts of/from a bicycle, car or other 

(motor) vehicle, 40 thefts from a shop/shoplifting, 14 

assaults, and six acts of vandalism.

To investigate the extent to which offenders commit-

ted their offences inside their activity spaces, Table  1 

presents a cross-tabulation of activity space by crime 

location (N = 71 crimes  *  13,305 possible neighbour-

hoods = 944,655). For each offence, there were several 

possibilities in each of the 13,305 Dutch neighbourhoods: 

a crime was either committed or not committed in that 

neighbourhood, and the neighbourhood was either inside 

or outside the activity space of the offender. Although 

the offenders could have committed their crimes in all of 

the 13,305 possible neighbourhoods of the Netherlands, 

we observe that 28 out of the 71 crimes were committed 

in a neighbourhood that the offender routinely visited 

in the period before or during the crime event (median 

area = 0.36  km2). �is means that 39.4% of the offences 

are committed within the neighbourhoods of offenders’ 

own activity nodes.

We not only expect that neighbourhoods with routine 

activity nodes have a higher chance to be targeted, but 

also—to a lesser extent—neighbourhoods nearby, which 

offenders might visit less frequently or only traverse on 

their way to their activity nodes. If we include first-order 

spatial lags (i.e., neighbourhoods adjacent to those with the 

activity nodes), second-order spatial lags, and even third-

order spatial lags, the median area of the neighbourhoods 

increased to 3.37  km2, 14.5  km2, and 55.6  km2,  respec-

tively. We indeed find that the percentage of offences that 

were committed inside offenders’ activity spaces rapidly 

increases from 59.2% (first-order spatial lags) to 70.4% 

(second-order lags), and 84.5% (third-order lags).

A �rst test of the extended theory

�e results of the conditional logit model that tests 

whether offenders are more likely to commit crime in 

neighbourhoods they have regularly visited at the same 

time of day than in neighbourhoods they have regu-

larly visited at different parts of the day are displayed in 

Table 2.7 �e results show that the odds ratio for our main 

study variable neighbourhood routinely visited at same 

time of day as crime event is positive and statistically signif-

icant (p < 0.001). �is means that offenders are more likely 

to commit crime in neighbourhoods that were part of their 

time-specific activity space compared to neighbourhoods 

that were not. More specifically, the odds of committing 

crime in neighbourhoods that are routinely visited at the 

same time of day as the crime event is more than 2500 

Table 1 Cross-tabulation of  activity space 

by  crime location (N = 71 crimes  *  13,305 possible 

neighbourhoods = 944,655)

No crime Crime Total

Neighbourhood is …

 … Outside of activity space 944,332 43 944,375

 … Inside of activity space 252 28 280

Total 944,584 71 944,655

Table 2 Conditional logit model testing the  e�ects 

of  time-varying activity spaces on  crime 

location choice (N = 71 crimes  *  13,305 possible 

neighbourhoods = 944,655)

OR = odds ratio coe�cient and SE = bootstrapped cluster-corrected standard 

error

OR SE Z P

Neighbourhood routinely visited at …

 … Same time of day as crime event 2589.71 1365.30 14.91 0.001

 … Different time of day as crime 
event

1209.00 8703.08 0.99 0.324

Pseudo-R2 0.27

7 �e conditional logit model uses the original neighbourhood areas instead 

of the lagged neighbourhoods.
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times that of committing crime in neighbourhoods not 

part of one’s activity space. Moreover, we observe that this 

odds ratio (OR = 2589.71) is estimated to be considerably 

higher than the odds ratio for neighbourhood routinely vis-

ited at different time of day as crime event (OR = 1209.00). 

A Wald Chi-Squared difference test on our small sam-

ple does not detect a statistically significant difference 

between the two odds ratios (χ2(1) = 0.01, p = 0.915), but 

the difference is clearly in the expected direction. �e odds 

ratio for neighbourhood routinely visited at different time 

of day as crime event also does not reach statistical signifi-

cance (p = 0.324).

With only our two independent study variables, the 

pseudo-R2 of the model is 0.27, which represents accord-

ing to McFadden’s guidance an excellent fit to the data 

(McFadden 1978, p. 307). �e results suggest that offend-

ers are more likely to commit crime in neighbourhoods 

they have regularly visited at the same time of day than 

in neighbourhoods they have regularly visited at different 

times of day, although the effect size difference was not 

statistically significant in our small sample—but clearly in 

the expected direction. �is provides only tentative sup-

port for Hypothesis 1. In addition, offenders also appear 

to be more likely to commit crime in neighbourhoods 

they have regularly visited at different times of day than 

in neighbourhoods that are outside their activity space, 

but the odds ratio was not statistically significant. �is 

also provides only tentative support for Hypothesis 2.

Discussion
According to crime pattern theory, offenders commit crime 

at those places where their individual awareness spaces over-

lap with the spatial distribution of attractive targets. How-

ever, both the theory and the related empirical research 

have remained rather a-temporal, as if the timing of routine 

activities and crime plays no role. In the present study, we 

extended crime pattern theory and proposed that an offend-

er’s spatial knowledge acquired during daily routine activi-

ties is not equally applicable to all times of day. For a first 

empirical test of the extended theory, we collected detailed 

information about the spatio-temporal routine activity pat-

terns and crime locations in a high-risk offender  sample. 

�e results showed that almost 40% of the offences (39.4%) 

were committed within the neighbourhoods of offenders’ 

activity nodes, increasing to 84.5% when including first-, 

second- and third-order spatial lags surrounding the activity 

node neighbourhoods. �is corresponds with findings from 

the study of Menting et al. (2020), who reported 39.3% and 

88.6%, respectively. �is finding provides strong support for 

the original crime pattern theory (Brantingham et al. 2017; 

Brantingham and Brantingham 1981, 1993). �ough not sta-

tistically significant, the results further suggest that offend-

ers are more likely to commit crime in neighbourhoods they 

have regularly visited at the same time of day than in neigh-

bourhoods they have regularly visited at different times of 

day. Our extension of crime pattern theory is therefore only 

tentatively supported.

Although this first empirical test provides some evidence 

for our extended theory, it is important to emphasise that our 

conclusions are tentative as the size of our sample of offences 

was quite small (N = 71 offences committed by 30 offenders). 

Also, a non-experimental research design obviously cannot 

fully rule out possible selection bias. As our respondents 

were sampled from police register data on suspected offend-

ers from two specific police regions in the western part of 

the Netherlands (�e Hague and Noord-Holland), we might 

not be able to generalize our findings to the broader offender 

population; to offenders in other parts of the country or to 

offenders that escaped arrest. �e findings we observe might 

in part be related to the police being better able to solve 

offences that were committed inside the offenders’ activ-

ity spaces. However, research using DNA-traces found at 

crime scenes suggests that the spatial patterns of solved and 

unsolved cases do not differ much (Lammers 2014).

As explained in more detail in the "Study design and sam-

pling procedure" paragraph, the original suspect data from 

the police included relatively minor offences from offenders 

with relatively short offence histories. Compared to offend-

ers with longer offence histories and more serious offences, 

this suspect group is found to have a decreased likelihood 

of continuing to commit crime in subsequent years (Lam-

mers et al. 2012). We find some confirmation for this find-

ing when we compare the percentage of respondents that 

reported undertaking a crime in our study (8.3%) with 

the percentage found in the study of Menting et al. (2020) 

(18.9%). Menting and colleagues used exactly the same 

research design, but a sample that was not restricted to 

suspects of minor crimes only. If the findings of our study 

would be related to the number and severity of offences, we 

should have found different spatial results than those pre-

sented by Menting et al. (2020), who analysed a sample that 

also included more persistent offenders who committed 

more severe offences. However, the results were actually 

quite comparable between the two studies.

Another common limitation of retrospective survey 

research is that the accuracy of recall from respondents’ 

memory is uncertain. �is would not be a problem if all 

respondents have equal memory loss, but respondents who 

had committed their crimes outside of their awareness space 

might have had more difficulty recollecting details about 

the crime locations and timings than respondents who had 

committed crime within their awareness space. However, 

we analysed crime locations at the neighbourhood level and 

dichotomized the timing of crime into daytime and night-

time crimes, which makes possible inaccuracy of recall less 

problematic. Besides, the respondents indicated that over 
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three-quarters of the locations were reported at neigh-

bourhood level or with higher accuracy, and in more than 

80% of the reported times, the timing of their activities was 

reported reasonably or very accurately.

Notwithstanding these shortcomings, this study has pre-

sented an extended crime pattern theory to better explain 

not just where but also when crimes are committed. We 

argued that the applicability of the spatial knowledge 

offenders acquire during their daily routine activities needs 

to be conceptualized as time-varying, because it may not 

be applicable to all times of day. Although we presented the 

first tentative empirical evidence for the extended theory, we 

urge others to replicate our study with larger samples before 

any firm conclusions are warranted. Future studies with 

larger samples might benefit from using a similar design 

to map offenders’ time-specific activity spaces, especially 

if also more serious offenders with longer offence histories 

are included. We believe that the use of our online survey 

instrument has a great advantage over previous register-

based studies, as we were able to study a much wider range 

of activity nodes than those usually included and we were 

able to capture the time of day offenders usually visited their 

activity nodes. Another way forward might be to use smart-

phone applications to track the whereabouts of people (see 

e.g., Ruiter and Bernasco 2018) or other type of GPS-track-

ing data (e.g., Rossmo et al. 2012). �ese methodologies can 

be used to even more comprehensively measure offenders’ 

activity spaces, such as a wider range of routine activities as 

well as the routinely travelled paths between activity nodes.

When such new data get collected, it is worthwhile to 

assess whether the distinction between planned and oppor-

tunistic crimes can more explicitly be taken into account. 

For example, an opportunistic offender might seize some 

crime opportunity on the way to work and the timing of 

crime will then be around the start of the working day. 

For crimes that require more planning, we expect that the 

mechanism as proposed in our extended theory is at play: 

offenders acquire knowledge of their environment during 

ordinary daily routine activities that only at certain times is 

applicable for the commission of crime in other situations. 

However, this might also depend on the specific type of 

offence involved. We can imagine, for example, that bank 

robbers would go to some lengths to familiarize themselves 

with the area around the target bank before committing 

the offence, which may well be some way from their activ-

ity spaces. Although we did not measure the exact degree 

of planned and opportunistic behaviour for our offender 

group, our online questionnaire included a question about 

whether the offender was at the specific place and time of 

the crime in order to commit the crime or for some other 

reason. We observe that the percentage of planned offences 

that were committed inside and outside of the offenders’ 

activity space were quite comparable (25.6% and 32.1%, 

respectively). In this regard, it would also be interesting 

to further distinguish between different types of crime. 

Unfortunately, our small sample size prohibits any further 

disaggregation.

To conclude, we introduced an extended crime pat-

tern theory to understand both the spatial and temporal 

patterns in crime and we put it to a first empirical test. 

Although we found tentative support for our extended 

theory, it is for future studies with larger samples to rep-

licate our research and shed more light on the specific 

mechanisms behind the theory.
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