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Abstract Recent studies have shown that crime is concentrated at micro level units of
geography defined as hot spots. Despite this growing evidence of the concentration of
crime at place, studies to date have dealt primarily with adult crime or have failed to
distinguish between adult and juvenile offenses. In this paper, we identify crime incidents
in which a juvenile was arrested at street segments in Seattle, Washington, over a 14-year
period, to assess the extent to which officially recorded juvenile crime is concentrated at
hot spots. Using group-based trajectory analysis, we also assess the stability and variability
of crime at street segments over the period of the study. Our findings suggest that officially
recorded juvenile crime is strongly concentrated. Indeed, just 86 street segments in Seattle
include one-third of crime incidents in which a juvenile was arrested during the study
period. While we do observe variability over time in trajectories identified in the study, we
also find that high rate juvenile crime street segments remain relatively stable across the
14 years examined. Finally, confirming the importance of routine activity theory in
understanding the concentration of juvenile crime in hot spots, we find a strong connection
between high rate trajectory groups and places likely to be a part of juvenile activity
spaces. Though place-based crime prevention has not been a major focus of delinquency
prevention, our work suggests that it may be an area with great promise.
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Introduction
Over the last decade there has been a substantial body of research documenting the
importance of crime places in understanding and controlling crime (Eck and Weisburd
1995; Sherman 1995; Taylor 1997; Weisburd 2002). At the core of this academic interest
are a series of studies that show that crime is highly concentrated at small units of
geography. Whether the unit of analysis is defined as an address, a street segment, or a
cluster of street segments, a large number of studies now document that crime is clustered
at what have come to be termed ‘‘crime hot spots’’ (Brantingham and Brantingham 1999;
Crow and Bull 1975; Pierce et al. 1986; Roncek 2000; Sherman et al. 1989; Weisburd et al.
1992, 2004; Weisburd and Green 1994). This concentration of crime, moreover, has
recently been found to be stable across relatively long periods of time (Weisburd et al.
2004).
The extent of the concentration of crime at place is dramatic. In one of the pioneering
studies in this area, Lawrence Sherman et al. (1989) found that only 3% of the addresses in
Minneapolis produced 50% of all calls to the police. Fifteen years later in a study in
Seattle, Washington, Weisburd et al. (2004) reported that between 4 and 5% of street
segments in the city accounted for 50% of officially recorded crime incidents for each year
over 14 years. These studies and others (Brantingham and Brantingham 1984; Clarke
1983; Curtis 1974; Maltz et al. 1990 [2000]; Pyle 1976; Rengert 1980; Skogan 1990) have
established small units of geography or micro places as an important focus of criminological inquiry and practical crime prevention.
Despite this growing evidence of the concentration of crime at place, studies to date
have dealt primarily with adult crime or have failed to distinguish between adult and
juvenile offenses. This is not to say that the geography of juvenile delinquency has not
been a focus of scholars. There has been a sustained interest dating back to the Chicago
School in the distribution of juvenile delinquents’ residences (Bursik and Webb 1982;
Schuerman and Kobrin 1986; Shaw and McKay 1942 [1969]; Sickmund et al. 1997).
Indeed, in a study mapping the location of the homes of juvenile offenders in Chicago,
Shaw et al. (1929:10) argued that ‘‘the study of juvenile delinquency necessarily begins
with the study of its geographical location.’’ But despite this early interest in the spatial
distribution of juvenile delinquency, a focus on the locations in which juveniles commit
their crimes has been largely ignored by criminological researchers (for exceptions, see
Stephenson 1974; Turner 1969).
The absence of systematic examination of the distribution of juvenile crime across
micro units of geography is particularly surprising given the use of routine activity theory
(Cohen and Felson 1979) as a guiding theoretical framework for many crime and place
studies (e.g., Sherman et al. 1989; Smith et al. 2000). Routine activity theory emphasizes
the importance of the convergence of suitable targets, lack of capable guardianship and
motivated offenders in space and time for explaining criminal events. A number of
empirical studies suggest that the location of crime events is strongly linked to the routine
activities of potential offenders and victims (Brantingham and Brantingham 1975, 1981
[1991]; Duffala 1976; Hunter 1988; LeBeau 1987; Mayhew et al. 1976; Rengert 1980,
1981). In this context, as we describe below, juveniles are likely to have limited ‘‘activity
spaces’’ (i.e., areas they are familiar with and visit routinely) and thus the convergence of
motivated offenders and suitable targets in space and time is likely to be salient for juvenile
crime as it is for adult crime. Routine activity theory, in this context, would predict very
high concentrations of juvenile crime at specific places.
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In this paper, we provide the first examination of the concentration of officially recorded
juvenile crime at micro place units of analysis. Identifying crime incidents in which a
juvenile was arrested at street segments (both sides of a street between two intersections) in
Seattle, Washington over a 14-year period, we assess the extent to which officially
recorded juvenile crime is concentrated at hot spots. Using group-based trajectory analysis
(Nagin and Land 1993; Nagin 1999, 2005), we also assess the stability and variability of
crime at street segments over the period of the study. Our findings suggest that officially
recorded juvenile crime is strongly concentrated at hot spots. Indeed, just 86 street segments in Seattle include one-third of crime incidents in which a juvenile was arrested
during the study period. While we do observe variability over time in trajectories identified
in the study, we also find that high rate juvenile crime street segments remain relatively
stable across the 14 years examined. Finally, confirming the importance of routine activity
theory in understanding the concentration of juvenile crime in hot spots, we find a strong
connection between high rate trajectory groups and places likely to be a part of juvenile
activity spaces.
We begin our paper with a description of the developing importance of micro crime
places in research on crime and crime prevention and the relevance of this approach for
juvenile crime. We also discuss the specific theoretical framework and rationale that led to
the study of the concentration of juvenile crime at micro places. We then provide a
description of our data, methods and results. In our discussion we focus on the specific
limitations of our data, and the implications of our findings for policy and practice.

Crime at Micro Units of Geography and its Relevance for Juvenile Delinquency
Criminologists have had a long and enduring interest in the idea of place and its role in
the production of crime (Weisburd and McEwen 1997; Weisburd et al. 2009). In the early
19th century European scholars examined the distribution of crime across large administrative areas that formed the basis for official government record keeping (e.g., see
Guerry 1833; Quetelet 1831 [1984]). Almost 100 years later sociologists associated with
the Chicago School (Burgess 1925a, b [1967]; Park et al. 1925 [1967]; Shaw et al. 1929;
Shaw and McKay 1942 [1969]; Thrasher 1927) also directed their attention to the distribution of crime at place, focusing on how crime varies across communities. Interest in
variations in crime across neighborhoods and communities, in turn, continues to be an
important concern of criminologists (e.g., see Reiss and Tonry 1986; Sampson et al.
1997).
In recent years, there has been growing interest in looking at the distribution of crime at
smaller geographic units of place such as addresses or street segments, or clusters of these
micro units of geography (Eck and Weisburd 1995; Sherman 1995; Taylor 1997; Weisburd
and Green 1995). An important catalyst for this interest came from theoretical perspectives
that emphasized the context of crime and the opportunities presented to potential offenders
(Weisburd 2002). In a groundbreaking article on routine activities and crime, for example,
Cohen and Felson (1979) suggest the importance of recognizing that the availability of
suitable crime targets and the presence or absence of capable guardians influence crime
events. Researchers at the British Home Office, in a series of studies examining ‘‘situational crime prevention,’’ also challenged the traditional focus on offenders and communities (Clarke and Cornish 1983). These studies showed that crime situations and
opportunities play significant roles in the development of crime (Clarke 1983).
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Places in this ‘‘micro’’ context are specific locations within the larger social environments of communities and neighborhoods (Eck and Weisburd 1995). They are sometimes
defined as buildings or addresses (Green 1996; Sherman et al. 1989), sometimes as block
faces or street segments (Sherman and Weisburd 1995; Taylor 1997), and sometimes as
clusters of addresses, block faces or street segments (Block et al. 1995; Weisburd and
Green 1995). Research in this area began with attempts to identify the relationship between
specific aspects of urban design (Jeffery 1971) or urban architecture (Newman 1972) and
crime, later taking into account a much larger set of characteristics of physical space and
criminal opportunity (Brantingham and Brantingham 1975, 1981 [1991]; Duffala 1976;
Hunter 1988; LeBeau 1987; Mayhew et al. 1976; Rengert 1980, 1981; Roncek and Faggiani 1985).
Recent studies point to the potential theoretical and practical benefits of focusing
research on micro crime places (Eck and Weisburd 1995; Sherman 1995; Taylor 1997;
Weisburd 2002). A number of studies, for example, suggest that significant clustering of
crime at place exists, regardless of the specific micro unit of analysis defined (Brantingham
and Brantingham 1999; Crow and Bull 1975; Pierce et al. 1986; Roncek 2000; Sherman
et al. 1989; Weisburd et al. 1992; Weisburd and Green 1994). Sherman et al. (1989), for
example, found that only 3% of the addresses in Minneapolis produced 50% of all calls to
the police. More recently, Weisburd et al. (2004) have shown not only that a similar level
of crime concentration exists at street segments in Seattle, but that the concentration of
reported crime incidents at micro places is stable over a 14-year period.1 Weisburd et al.
(2004) also point to the importance of recognizing dynamic developmental trends across
micro units of geography. Using group-based trajectory analysis (Nagin and Land 1993;
Nagin 1999, 2005), they classify the 29,849 street segments in Seattle, Washington into 18
trajectory groups that reflect distinct longitudinal crime patterns.
Juvenile Crime at Places
To date, criminologists have not examined whether juvenile crime at micro place geographic units follows patterns of hot spots concentrations and whether such concentrations
vary over time. This is not to say that the location of juvenile crime has been ignored by
criminologists. There has long been an interest in the location of where juvenile delinquents live and how that affects the pattern of crime in a city (Baumer et al. 1998; Bursik
and Grasmick 1993; Chilton 1964; Gordon 1967; Guerry 1833; Schmid 1960a, b; Schmitt
1957). One of the most influential studies of juvenile delinquency and geography is Shaw
and McKay’s (1942 [1969]) examination of the spatial distribution of delinquency residences across metropolitan urban communities of Chicago. They identified considerable
variation in rates of delinquency (as measured by the residences of delinquents) across

1

It is important to note that portraits of the concentration of crime at place might be altered if larger
geographic units were examined. This is often referred to as the ‘the modifiable areal unit problem’ (Unwin
1996). However, the MAUP problem in studies of micro places is considerably lessened because the unit of
aggregation is still extremely small and such studies generally use theoretically-driven units of analysis
rather than ones of convenience. Street blocks for example, are much smaller than neighborhoods, census
tracts or cities and thus have minimal aggregation bias. While some researchers have experimented with the
use of grid cells to minimize the MAUP (Hirschfield et al. 1997), we believe that the use of a theoretically
driven micro unit of analysis is a more defensible strategy. As we note below regarding our own approach,
following Taylor (1997, 1998), we use street 100 blocks to represent ‘behavior settings’ and thus provide a
theoretical basis for our choice of aggregation unit.
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square mile units of geography, with delinquency heavily concentrated in areas next to the
center of the city and less concentrated in more remotely located areas (Shaw and McKay’s
1942 [1969]). Moreover, they found that the clustering of residences of delinquents within
certain Chicago area neighborhoods was relatively stable over time (Bursik and Webb
1982; Shaw and McKay 1942 [1969]).
Schuerman and Kobrin (1986) also examined the residences of delinquents, and used
data collected in 1950 and 1960 in Los Angeles to explain the developmental patterns that
ultimately resulted in a community being designated as a high crime area in 1970.
Schuerman and Kobrin (1986) found three general patterns that led to high crime rates in
1970. The first pattern is termed ‘‘emerging’’, and refers to those clusters that were relatively crime free in 1950 but had moderate to high crime in 1960 and 1970, respectively.
The second pattern, ‘‘transitional’’, refers to those clusters that had moderately high crime
in 1950, a higher level in 1960 and an even higher level in 1970. The last pattern is referred
to as ‘‘enduring’’ and describes those clusters that had persistently high crime rates at all
points in time. The vast majority of census tracts within the clusters were designated as
having enduring crime rates over the time span, with fewer census tracts in the transitional
and emerging categories. These findings indicate that although there is considerable stability in delinquency at the community level over time, there is also variability, as there
were areas that began the time series with few crimes and increased over time.2
Despite interest in the geographic distribution of the residences of juvenile delinquents,
studies examining the distribution of the actual location at which a juvenile crime occurs
are a rarity. We could locate only four studies that examined the area in which the juvenile
committed a crime. Two examined the classification of crimes by whether the juvenile
lived and offended in the same neighborhood (Burgess 1925a, b [1967]; Lind 1930). These
studies employed an early version of a spatial typology for classifying crimes called
mobility triangles (Groff and McEwen 2005; Normandeau 1968; Rand 1986; Tita and
Griffiths 2005). Burgess (1925a, b [1967]) offered an initial description of different types
of mobility triangles related to delinquency. Lind (1930), relying on court data, found that
the frequency in which juveniles offended in their own neighborhood was related to the
type of crime being committed. Neither study detailed the distribution or concentration of
juvenile crime within the city.
A third study by Stephenson (1974) examined the dispersion of juvenile residences and
crimes across the city of Phoenix, Arizona. He found that the dispersion of offense
locations, as measured by juvenile arrests, was greater than the dispersion of home address
locations. Turner (1969) measured the distance juveniles travel to commit crime, finding
that juveniles travel short distances (the median was about a half a mile) from their
residence to the location of the crime event. Notably, Turner’s work emphasized the
importance of examining the location of a criminal event rather than the location of a
juvenile residence for understanding crime. He identified areas, for example, where
juvenile residency was low but juvenile crime was high.

2

Several studies have examined the concentration and stability of officially recorded crime in communities
over time (Griffiths and Chavez 2004; Schmid 1960b). Additionally, several studies within the communities
and crime literature have documented the concentration of self-reported crime within certain communities
(Sampson and Groves 1989; Sampson et al. 1997). These studies have examined crime more generally, and
have not disaggregated juvenile crime from adult crime.
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Routine Activity Theory and the Distribution of Juvenile Crime at Place
While scholars have largely ignored the question of whether juvenile crime is concentrated
at micro places, there is strong reason to believe that the concept of crime hot spots is also
salient for juvenile crime. Most studies of crime hot spots have relied on routine activity
theory (Cohen and Felson 1979) as an explanation for why crime trends vary at places and
as a basis for constructing practical crime prevention approaches (Eck and Weisburd 1995;
Sherman et al. 1989; Weisburd et al. 2004). The main assumptions of this perspective are
that specific characteristics of places such as the nature of guardianship, the presence of
motivated offenders, and the availability of suitable targets will strongly influence the
likelihood of criminal events (Felson 2002). Studies examining the factors that predict
crime at micro places generally confirm this relationship (Roncek and Bell 1981; Roncek
and Maier 1991; Smith et al. 2000).
What we know about the routine activities of juveniles suggests that they are strongly
concentrated, and accordingly that juvenile crime should be highly concentrated at specific
places. This follows from the fact that juveniles are encouraged and often required to be at
certain places at specific times. Schools for example, provide a very strong nexus for
routine activities of juveniles. Schools and other areas of juvenile activity (e.g., community
centers, movie theatres or malls) are places where potential juvenile offenders and juvenile
victims come into close contact in contexts where guardianship may not always be high. In
this context, Roman (2002, 2005) has found evidence suggesting that the presence of a
school in an area increases the probability of violent crimes, even more so around those
times of day which are associated with high juvenile activity.
The routine activities of offenders and victims are also affected by routes of travel to
and from school. Students are likely to wait at specific bus stops, or take specific paths to
schools. In the course of these routine activities they are also likely to identify opportunities for crime both in regard to other students and to the community at large. In this
context, the concentration of students in their teenage years in large middle and high
schools likely serves to reinforce the role of schools as ‘‘focal points’’ of crime since they
increase the concentration of potential offenders and victims in areas proximate to schools
and on travel routes to and from schools (Brantingham and Brantingham 1995).
Juveniles are also assumed to be attracted to very specific types of activities which in
turn influence their ‘‘activity spaces’’ (Felson 2006). Malls and movie theatres for example,
are well known ‘‘hang outs’’ for youth, and indeed such businesses seek to draw young
people as customers. Moreover, because such activity spaces will attract large numbers of
not only potential offenders, but also potential targets, we might expect large concentrations of juvenile crime in such places. For example, several researchers have found that
juvenile delinquency is strongly associated with time spent socializing in unstructured
activities with peers in the absence of authority figures (Agnew and Peterson 1989; Osgood
et al. 1996; Wallace and Bachman 1991). The fact that juveniles are most likely to
victimize other juveniles (Snyder 2003) reinforces the importance of such activity spaces
in the development of juvenile crime.

The Data
Our data are drawn from reported crime in the city of Seattle, Washington for the time
period of 1989 through 2002. We chose the city of Seattle as a site after a careful screening
of available crime data on American cities with populations of over 200,000. We found the
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Seattle Police Department to be among a small group of police agencies which kept a
relatively long history of official data in computerized format. Seattle was also chosen
because it included a diverse population, significant levels of crime during the study
period, and was guided by a police administrator fully committed to aiding a basic research
program on crime places.
Seattle spans approximately 84 square miles. According to the 2000 US Census, it is the
22nd most populous city (563,374) in the United States and its population has remained
relatively constant from 1970 to 2000. Although Seattle’s population is primarily Caucasian (70.1%), it has a substantial ethnic mix of African Americans (8.4%), Asians
(13.1%), Hispanics (5.3%) and Native Americans (1.0%). The number of crimes per
100,000 people in Seattle was 8,004 in 2002, 1.4 times the average for cities with populations between 100,000 and 1,000,000 (FBI 2003). Compared with cities in a narrower
population range (±100,000 of Seattle’s population), Seattle’s crime rate was slightly
higher than the average (7,640) and ranked eighth in 16 jurisdictions in this category.
Unit of Analysis
The geographic unit of interest for this study is the street segment (sometimes referred to as
a street block or face block) which is defined as the two sides of a street between two
intersections.3 We chose the street segment for a number of reasons. First, scholars have
long recognized the relevance of small areas in organizing life in the city (Appleyard 1981;
Jacobs 1961; Smith et al. 2000; Taylor 1997). Taylor (1998), for example, argues that the
visual closeness of block residents, interrelated role obligations, acceptance of certain
common norms and behavior, common regularly recurring rhythms of activity, the physical
boundaries of the street, and the historical evolution of the street segment make the street
block a particularly useful unit for analysis of place (Hunter and Baumer 1982; Taylor
et al. 1984).
Second, the choice of street segments over smaller units such as addresses (e.g., see
Sherman et al. 1989) minimizes the error likely to develop from the miscoding of addresses
in official data (Klinger and Bridges 1997; Weisburd and Green 1994).4 For example, when
a crime is committed on the street rather than at a particular residence or store, police may
have difficulty accurately identifying a specific address for the crime. They are more likely
to accurately identify the overall street segment and thus address range of the crime’s
occurrence. At the same time, we recognize that crime events may be linked across street
segments. For example, a drug market may operate across a series of blocks (Weisburd and
Green 1995; Worden et al. 1994), and a large housing project and problems associated with
it may traverse street segments in multiple directions (Skogan and Annan 1994). Nonetheless, we thought the street segment a useful compromise because it allows a unit large
enough to avoid unnecessary crime coding errors, but small enough to avoid aggregation
that might hide specific trends.
3

Normally, a street segment in Seattle is delimited in multiples of 100. For example, addresses from 100 to
199 Main Street would most likely occur on one street segment, between two intersections or other divisions. Following this, the database supporting the Seattle street map was used to develop ‘‘100 blocks’’ for
each city street in Seattle. For example, if the base map listed a street as spanning house numbers 1 through
399, we created four segments from this range: 1–99, 100–199, 200–299, and 300–399. See Weisburd et al.
(2004) for further discussion of the geo-coding process.

4

The use of a street segment rather than an area (i.e., neighborhood, census tract, block group, zip code,
etc.) also avoids the myriad of difficult coding issues that have been identified when trying to define
perceptually-based geographic units such as a neighborhood (See Sampson et al. 2002; Suttles 1972).
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Identifying Juvenile Crime Incidents
We sought in our study to identify trends of juvenile crime at micro places. Our first
problem was to find a method for identifying when a crime involved a juvenile offender.
Prior studies of crime at micro place units of analysis have generally relied on emergency
calls to the police or officially recorded crime incidents. However, neither of these data
bases includes a direct measure of the age of the offenders involved in the crimes identified. In the case of emergency calls, the police are simply responding to a request for
police service, which often does not include information on the characteristics of offenders.
Indeed, many times citizens simply inform the police of their suspicion that a crime has
been committed. Incident reports are generally more detailed, since they include details of
the crime as known to the officer and victim at the time a report is taken. However, even in
these cases the characteristics of offenders are generally not known, and when they are
known, there is often no way to determine the age of offenders with any accuracy.
Among official data, arrest reports provide the most accurate listing of the ages of
suspects. However, arrest reports provide a measure of ‘‘offenders’’ and not ‘‘offenses.’’ In
our case, we were not interested in how many offenders had been arrested in a specific
place, but in how many crimes were committed there. Following this interest we first used
arrest reports to identify all juvenile offenders, and then linked these arrest reports to
incident reports to identify crime incidents in which at least one juvenile offender (age
8–17) was arrested. We term these events in our paper as ‘‘juvenile arrest incidents’’ in
order to distinguish these data from arrests per se, and incident reports more generally.
While this approach allows us to identify crime incidents which had juvenile
involvement, it also means that our measure of juvenile crime is necessarily limited to
those crimes that led to an arrest. This approach is common in study of official juvenile
crime for the reasons we have noted above (McCord et al. 2001), but nonetheless has
specific limitations. For example, only 16.8% of incident reports included an arrest in
Seattle during the study period. In turn, arrest reports are likely to be strongly correlated
not only with where juveniles commit crime but also with where police are heavily concentrated. We turn to these limitations of our data and their implications for drawing
inferences from our study in more detail when we discuss our findings.

Describing the Distribution of Juvenile Crime Across Place
Figure 1 displays the overall annual trend of crime incidents in which a juvenile was
arrested at a street segment in Seattle between 1989 and 2002.5 The trend here not only
mirrors the overall crime trend for Seattle (Weisburd et al. 2004), but also the national
5

We want to remind the reader that our data refer only to crime at street segments and not crime at
intersections. Of the 2,028,917 crime records initially obtained from the city from 1989 to 2002, 19% were
linked to an intersection. Our decision to exclude these events was primarily technical. Intersections could
not be assigned to any specific street segment because they were generally part of four different ones.
However, it is also the case that incident reports at intersections differed dramatically from those at street
segments. Traffic-related incidents, which are unlikely to involve juveniles, accounted for only 4.5% of
reports at street segments, but for 44% of reports at intersections. Because we linked arrest data only to a
street segment data base, we can not directly assess the number of juvenile arrest incidents that were
dropped because of the exclusion of intersections. In a recent study by Braga et al. (1980–2008, Unpublished
Manuscript) which compared shooting incidents using three different units of analysis (intersections, street
segments, and both intersections and street segments) they found consistent overall results regardless of unit
of analysis.
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Distribution of Juvenile Arrest Incidents on Seattle Street Segments, 1989-2002
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Fig. 1 Distribution of juvenile arrest incidents on Seattle street segments, 1989–2002

level trend (Blumstein and Wallman 2000). Incidents peaked in 1993 and decreased
sharply from 1994 to 2002. From 1989 to 2002, Seattle experienced a 41% decline in
juvenile arrest incidents. Figure 2 presents the percentage of segments which account for
50 and 100% of juvenile arrest incidents each year. We find that approximately 3–5% of
the street segments are responsible for all incidents during any given year. Less than 1% of
total street segments are responsible for 50% of the arrest incidents during any given year.
These findings suggest strong concentration of juvenile arrest incidents, which is consistent
with our discussion earlier regarding the limited activity spaces of juveniles.
One problem in assessing the extent of this concentration is that we would expect just
by chance for there to be some concentration of juvenile arrest incidents. The fact that there

Percent of Total Street Segments (N= 29,849)

Juvenile Arrest Incident Concentration at Street Segments
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Fig. 2 Juvenile arrest incident concentration at street segments
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are fewer than 3,000 crime incidents in which a juvenile was arrested each year and almost
30,000 street segments in Seattle overall, means that even if there was a random distribution of crime at street segments only a small proportion would have any juvenile arrest
incidents. Moreover, just by chance, there is likely to be some fluctuation and concentration in certain places. To examine this question we constructed a Poisson distribution
detailing the expected number of street segments that would have from ‘‘0’’ to ‘‘5 or more’’
incidents for each year. We then conducted a chi square goodness of fit test to examine
whether the concentration of events at street segments is greater than would be expected
from chance alone. Our results show that the concentration of arrest incidents is significantly different from what would be expected by chance for each year (see Appendix).
Indeed, the differences between the expected and observed values are generally very large.
For example, in every year observed the Poisson distribution shows a significantly lower
expected count of segments with 0 arrest incidents than those actually observed in our data.
Whereas the Poisson distribution indicates that we should expect virtually no street segments to have three or more crime incidents in which a juvenile was arrested each year, our
observed frequencies show that large numbers of street segments have three or more
incidents.
Our data so far suggest that juvenile arrest incidents are highly concentrated in each
year of the period we studied, and that this concentration of juvenile crime at place is fairly
stable across the 14 years we examined. However, the descriptive analyses we have
employed so far do not allow us to examine patterns of change across this time period. Is
there stability in terms of patterns of change across street segments, or do different groups
of street segments evidence divergent patterns? For example, do the same street segments
evidence high levels of juvenile arrest incidents each year, or do segments show high
variability across time? Such questions are particularly important in drawing policy conclusions regarding hot spots of crime from our data. If high rate juvenile crime hot spots
moved from street segment to street segment across the study period, there would be little
benefit to focusing crime prevention on juvenile crime hot spots.

Trajectories of Juvenile Crime at Place
We use group-based trajectory analysis (Nagin and Land 1993; Nagin 1999, 2005) to
answer these questions. Although trajectory analysis was originally developed to examine
longitudinal patterns of individual offending over time, it has recently been applied to
crime at different levels of geography (Griffiths and Chavez 2004; Weisburd et al. 2004).
Trajectory analysis is a group-based modeling approach that is able to model dynamic
developmental processes by using groups to approximate an unknown, continuous distribution (Bushway et al. 1999; Nagin 2005).6
6

We recognize that we could have used other statistical techniques such as hierarchical linear modeling
(Bryk and Raudenbush 1987, 1992; Goldstein 1995), growth mixture modeling and nonparametric growth
mixture modeling (Kreuter and Muthen 2008; Meredith and Tisak 1990; Muthen 1989) to identify developmental processes in our data. However, we thought that the trajectory approach was most fit to our interest
in identifying specific crime patterns for street segments over time and visually displaying those patterns.
While the interpretations drawn from the trajectory approach regarding whether groups are ‘‘real’’ have
recently been criticized by some criminologists (e.g., see Eggleston et al. 2004; Sampson and Laub 2005),
even its critics argue for the ‘‘scientific value of description and pattern recognition’’ (Sampson and Laub
2005: 911) that the trajectory approach offers. And indeed, this is precisely our interest in the use of
trajectory analysis in this paper.
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Table 1 Summary data and trajectory model diagnostics
Group

% Of
segments

% Of juvenile arrest
incidents

Average total juvenile
arrest incidents

Estimated group
probability

Average posterior
probability

1

1.00

6.85

6.92

0.0122

0.82

2

88.79

11.92

.14

0.8676

0.97

3

8.57

26.14

3.07

0.1034

0.84

4

1.13

14.82

13.16

0.0114

0.89

5

0.22

7.01

31.43

0.0023

0.95

6

0.13

8.36

62.73

0.0012

1.00

7

0.03

10.65

399.63

0.0002

1.00

8

0.13

14.21

112.24

0.0013

0.98

Nagin (2004, 2005) has repeatedly emphasized, however, that these trajectory groups
are not inherently real or immutable over time. As with all statistical analyses, trajectory
analysis is an approximation of reality and is driven primarily by the data which it uses to
produce estimations. Thus, as with virtually all statistical approaches, the methodological
issues pertaining to the time span studied, and the quality of the data substantively impact
the findings (Eggleston et al. 2004; Nagin 2004). Moreover, since trajectory analysis is a
statistical approximation of reality, it can never reproduce that reality without error, and as
such, there is some degree of accuracy lost (Nagin 2004). However, simulation studies of
trajectory analysis approximations have suggested that this loss is rather small, and the
flexibility and descriptive utility of the method arguably outweigh these drawbacks (Brame
et al. 2006; Nagin 2004).
We used the Poisson model with quadratic functions to estimate the trajectories.7 After
fitting a number of groups to the data and assessing model fit using several diagnostics, we
chose the eight group solution as our final model. Nagin (2005) has specified several ways
to assess model adequacy.8 The average posterior probability in our study is the average
probability of a street segment i, being classified into group j given segment i’s data over
time. Average posterior probabilities that are near or equal to 1.00 are ideal, as this
indicates that the majority or all of the segments in a trajectory group had near perfect
assignment. Nagin (2005) suggests that average posterior probabilities above .70 are
acceptable. Table 1 displays the trajectory model diagnostics and summary statistics. All
eight average posterior probabilities meet Nagin’s suggested cut-off point indicating that
the model is an acceptable fit to the data. Results from the remaining diagnostic

7

We also used the zero-inflated Poisson model to accommodate over-dispersion and results are substantively similar to those generated by the non-inflated Poisson model. Given that the non-inflated model is
more parsimonious, we report results from the Poisson model.

8

A comparison of the Bayesian information criterion (BIC) across models is also useful for determining
which models fit the best given the data. The BIC is useful for determining the optimal number of trajectory
groups and is expressed in the following form:
BIC ¼ logðLÞ  0:5  logðnÞ  ðkÞ
where ‘‘L’’ is the value of the model’s maximized likelihood, ‘‘n’’ is the sample size, and ‘‘k’’ is the number
of parameters (specifically groups). One very important benefit of the BIC is that it institutes a penalty for
increasing the number of groups in the model. Expansion of the model by adding more groups is only
desirable if the resulting improvement in the log likelihood exceeds the penalty for more parameters (Nagin
2005).
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Fig. 3 Eight trajectory groups

assessments also indicate that the model is fitting the data well and has high assignment
accuracy.9
Figure 3 displays the average number of juvenile arrest incidents for street segments in
each of the eight trajectory groups across the 14 years of study. The average number of
juvenile arrest incidents for street segments in trajectory group 7 corresponds to the right
axis, and all the values for the remaining trajectory groups correspond to the left axis.
Confirming our earlier analyses, it is clear that the vast majority of street segments have
very little or no juvenile crime as measured by arrest incidents throughout the time period.
Trajectory group 2 contains approximately 89% of all street segments, yet the segments in
this trajectory group only account for 12% of all juvenile arrest incidents during the period
of study.
This analysis also reinforces our earlier finding regarding the concentration of juvenile
arrest incidents. Perhaps most striking about Fig. 3 is the substantially higher average level
of incidents exhibited by a relatively small number of street segments. Although trajectory
groups 6, 7 and 8 include only .29% (n = 86) of the street segments in the city, about a
third of all juvenile arrest incidents occurred on those street segments during the 14-year
period studied. This concentration of juvenile arrest incidents is striking, and we believe
has important policy implications. At the same time, as we discuss below, some degree of

9

For example, the odds of correct classification (OCC) estimates for all the trajectory groups are equal to or
greater than 5.00, indicating that the model has high assessment accuracy. The odds of correct classification
are a function of both the probability and posterior probability. Additionally, assignment accuracy is high
when both the estimated group probabilities and the proportion of the sample assigned to the group on the
basis of the maximum posterior probability rule are equivalent or correspond highly with each other.
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Fig. 4 Point map of high activity juvenile arrest incident street segments Seattle, Washington 1989–2002

the clustering may be due to police patrol concentrations rather than juvenile crime concentrations themselves.
Figure 4 presents the exact location of these high activity hot spot street segments on
the Seattle city map. On the one hand there is a good deal of geographic spread of the data,
with hot spots street segments found throughout the city. At the same time, there is a clear
clustering of such street segments in the downtown business section (highlighted in the
map). But even here, it is useful to note the street by street variability in the data.10

10
One intriguing question regarding this concentration of crime in juvenile crime hot spots is whether such
places are spatially dependent. In another paper using these data, Groff, Weisburd and Morris (2009) have
examined the spatial patterns of trajectory group members using a variety of local geographic measures.
Overall, they found tremendous street segment to street segment variation in temporal patterns of juvenile
crime.
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Table 2 Trajectory group membership by location of incident (N = 30,004)
Group Location of incident
School, youth
center (%)

Shops, malls,
Street, alley,
Private
restaurants (%) public spaces (%) dwelling (%)

Bars, clubs,
taverns (%)

Other
(%)

Total
(%)

1

1.9

10.2

32.1

47.3

.2

8.3

100.0

2

1.8

2.1

53.7

34.3

.1

8.0

100.0

3

2.9

4.8

43.3

40.1

.3

8.6

100.0

4

3.9

14.3

42.5

29.8

.2

9.3

100.0

5

6.5

26.0

40.7

14.3

.4

12.2

100.0

6

17.1

34.3

32.5

5.2

2.5

8.4

100.0

7

12.7

75.4

8.8

.2

.1

2.9

100.0

8

30.7

38.9

21.5

.7

.0

8.0

100.0

Looking at the eight trajectories it is clear that there is considerable stability among
street segments in levels of officially reported juvenile crime (see Fig. 3). For example,
street segments in trajectory group 7 had the highest level of juvenile arrest incidents at
the outset of the study period and remained the highest level trajectory at the end of the
study period. Trajectory group 8 which began with the third highest average rate for
street segments, had the second highest rate at the end of our observations. Similarly,
trajectory groups 1, 2 and 3, which had very low levels of juvenile arrest incidents at
street segments at the outset of study period, also had low levels at the conclusion.
Nonetheless, despite the stability of average crime levels for street segments in the
trajectory groups, it is interesting to note the different trends in juvenile arrest incidents
across the trajectory groups.
Although most of the trajectory groups exhibit decreasing trends over time that are
consistent with the overall crime decline in Seattle, there is also evidence of trajectories
that exhibit increasing juvenile arrest incident trends during this time period. Street segments in trajectory group 5 begin with an average number of arrest incidents close to one in
1989, but show a steadily increasing trend through the late 1990s to an average of almost
two and a half events per year. Though only 67 street segments are found in this group, it
represents an interesting pattern because it goes against the overall citywide trend in
Seattle.
Trajectory groups 6 and 8 illustrate that the initial level of juvenile arrest incident
activity at places does not necessarily predestine future juvenile crime activity. Street
segments in trajectory groups 6 and 8 have on average relatively similar levels of officially
recorded juvenile arrest incidents (8.22 and 6.20) in 1989. But while trajectory group 8
ends with a slightly higher average value in 2002, trajectory group 6 has a declining trend
through the 14 years, ending with an average of only 1.25 juvenile arrest incidents. The
differences at the end of the period are statistically significant.11

11
We constructed a 95% confidence interval around the average point estimate in 2002 for trajectory
groups 6 (95% CI: 1.08–1.55) and 8 (95% CI: 5.94–7.09) to ensure that their respective end points did not
overlap and were indeed significantly different. Confidence intervals indicated that each point estimate was
distinct.
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At the outset of the paper we argued that juvenile crime is likely to be highly concentrated at places, in good part because juvenile activity spaces are also concentrated.
Data drawn from incident reports provide confirmation of the relevance of juvenile activity
spaces and routine activity theory for understanding the very high concentration of juvenile
arrest incidents in Seattle. The incident reports include a field which notes the type of
location that was associated with a specific incident. Table 2 displays trajectory group
membership by percent of arrest incidents that were committed at specific types of activity
spaces.
The highest rate trajectories (6–8) are less likely to include crimes committed at private
dwellings as compared to the low rate trajectory groups. Indeed, only 5.2% of places where
incidents occurred are listed as private dwellings in trajectory 6, and less than 1% in
trajectory groups 7 and 8. By contrast, the lowest rate trajectories (1–4) have substantially
more incidents that occurred at private dwellings (between 29.8 and 47.3%). Trajectory
group 5, which shows an increasing slope across the time period and forms an intermediary
rate trajectory, is closer to trajectories 6 through 8 in this regard with only 14.3% of
incidents occurring in private dwellings.
The highest rate trajectories are much more likely to have arrest incidents committed at
schools and/or youth centers, and shops/malls and restaurants, as compared to low rate
trajectory groups. In each of the low rate trajectory groups (1–4) fewer than 4% of the
arrest incidents occurred at schools or youth centers. However, more than 30% of the arrest
incidents in trajectory group 8 occurred at a school or youth center. About 12.7% of the
incidents in trajectory group 7 and 17.1% of the incidents in trajectory group 6 occurred at
a school or youth center. The differences between the high rate and low rate groups are
even more pronounced when we look at the proportion of arrest incidents found at shops,
malls and restaurants. While fewer than 15% of incidents in each low rate trajectory group
(1–4) occurred at these types of locations, between 34.3 and 75.4% of arrest incidents in
trajectories 6 through 8 occurred at shops, malls and restaurants. Again, trajectory group 5
forms an intermediate group both in terms of the frequency of arrest incidents and of the
location of the incidents.
These data provide important support for the assumption that juvenile crime is concentrated because of the concentration of juveniles in juvenile activity spaces. Incidents in
the highest rate trajectories are most likely to be found at and around schools and youth
centers, or shops, malls and restaurants. This means that hot spots of juvenile crime, as
evidenced by arrest incidents, are likely to be located in places where juveniles congregate.
Not surprisingly, given the nature of our sample, very few arrest incidents are found at
bars, clubs and taverns. While prominent activity places for adults, and often crime hot
spots (Roncek and Bell 1981; Roncek and Maier 1991), they are not part of the activity
spaces of juveniles.

Discussion
Our findings suggest that the hot spots paradigm has significant relevance to juvenile
crime. Using crime incidents in which a juvenile was arrested as a measure, we find very
significant clustering of juvenile crime at place. Our data also show a good deal of stability
over time in juvenile arrest incidents at micro places, confirming what has been found not
only in the study of micro crime places (Weisburd et al. 2004) but also more generally in
studies of juvenile crime trends (as measured by the residences of delinquents) at larger
units of geography (Bursik and Webb 1982; Schuerman and Kobrin 1986; Shaw and
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McKay 1942 [1969]; Sickmund et al. 1997). We also find preliminary support for the
salience of routine activity theory (Cohen and Felson 1979) and its emphasis on the
convergence in time and space of suitable targets and motivated offenders. Looking at the
places where juvenile arrest incidents are committed we find that juvenile activity spaces
are prominent.
These findings are the first we know of to describe the distribution of juvenile crime
across micro units of geography, and thus provide significant new data on the relationship
between juvenile crime and place. Nonetheless, we think it important to focus on the
limitations of our data before concluding, and how they might impact upon the portrait of
juvenile crime that we gain. Our interest in identifying where juvenile crime is concentrated led us to rely on juvenile arrests to identify juvenile crime incidents. As noted
earlier, without an arrest there is simply no method for identifying the age of offenders
involved in crime incidents. This is a common limitation for research on juveniles using
official data or studies examining juvenile crime trends at the national level (McCord et al.
2001), but nonetheless raises important questions regarding the inferences we can draw
from our study.
Is it reasonable to conclude that arrests of juvenile offenders reflect more generally
juvenile offending patterns? While there has long been an assumption that juvenile crime
is particularly prone to reporting biases, recent research suggests that for juveniles as for
adult offenders, official data and self report data are consistent in identifying overall
offending patterns (Brame et al. 2004). This is not to say that arrests provide an accurate
portrait of juvenile offending. Indeed, most scholars agree that there is severe underreporting of juvenile crime even as contrasted with adult crime either because crimes are
not detected or police choose not to pursue an arrest (Erickson and Empey 1963; Gold
1966; Williams and Gold 1972). Nonetheless, Brame et al. (2004, p. 269) conclude that
juveniles ‘‘who are arrested more often tend to self-report involvement in offending at
greater levels than those who have been arrested less often.’’ In our data, we identify only
30,004 crime incidents in which a juvenile was arrested, a figure that certainly underestimates the number of juvenile crimes in Seattle during the study period. However, if
Brame et al.’s analyses on individual juvenile offending can be extrapolated to juvenile
arrest incidents at places, it is reasonable to conclude that our data, while underestimating
the frequency of juvenile arrest incidents, reflect more broadly the overall concentration
of juvenile crime.
Underreporting of juvenile arrests is not the only bias relevant to our data. Our interest
in the concentration of crime also raises a concern regarding possible police enforcement
bias at places. Certainly it is true that police activities are not randomly spread through the
urban landscape and this might lead to specific concentrations of crime incidents in those
places where police are concentrated. In this context, we might expect schools, stores and
other commercial areas to figure more prominently than other areas in the allocation of
police patrol and other resources.
While such biases are present in our data as in studies more generally of crime at
place using official crime information, other influences on police resource allocation
suggest that they may be less consequential than is sometimes assumed. A number of
scholars have emphasized the extent to which the allocation of police resources in a city
is not determined by the priorities of police executives, but the requests of citizens
through emergency response systems (Mazerolle et al. 2005; Sparrow et al. 1990). This
means that the concentration of police presence is strongly related to where citizens or
business owners identify crime, and suggests that the distribution of police resources
does follow at least to some extent the distribution of crime as it is known to crime
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victims in the city. In this context it is not surprising that similar portraits of crime
concentration are found when identifying specific types of hot spots (e.g., for drugs and
disorder) using arrests, incidents, or calls for service (Lum 2003; Weisburd and Green
1994).
Nonetheless, it is clear that police priorities may impact the distribution of crime as
measured by incidents in which juveniles are arrested. While there is no direct way for us
to assess the actual extent of this bias, the distribution of offenses in our data provide an
indirect measure of proactive police activities. High rates of drug crime arrests or arrests
for disorderly behavior are much more likely to reflect proactive policing efforts at particular places, since such crimes are often the direct result of police observing such
behaviors on the street and making an immediate arrest. In our data, only 22.3% of the
incidents that are recorded are for disorder, drugs or prostitution. In this regard, it is
interesting to note that the proportion of such crimes here is not very much different from a
study of crime incidents generally in Seattle where 17% of incidents were classified as
disorder, drugs or prostitution (Weisburd et al. 2004). In turn, if we just look at the three
highest rate trajectory groups the proportion of incidents categorized as disorder, drugs or
prostitution is even lower, ranging between 2.9 and 13.6%. While these data do not provide
conclusive evidence regarding the impact of proactive enforcement on our findings, they
do suggest that such influences in our data may not be greater than that found in prior
studies of crime more generally.
Our approach is the only method we know of at this time to identify where juvenile
crime is located in the city given available data sources. It is clear, however, that our
reliance on arrest data to identify the age of offenders involved in a crime incident limits
our ability to draw direct conclusions regarding juvenile crime itself. The fact that our
findings are consistent with a series of prior studies that indicate strong concentration of
crime at place (Eck and Weisburd 1995; Sherman 1995; Taylor 1997; Weisburd 2002), and
more generally with the assumptions of routine activity theory gives them added weight.
Nonetheless, having identified the presence of juvenile crime hot spots in official crime
data, it is important for other scholars to examine these trends across other urban contexts
and to explore different methods of data collection. For example, Oberwittler and Wikström (2009) examine the location of crime events for juveniles from self-report studies in
the UK. Though such data do not allow for an accounting of crime events outside the
sample, they would allow for examination of clustering of crime within the samples
examined.
Despite the limitations of our data, we think they do reflect more general concentrations of juvenile crime in urban contexts. This in turn raises the question of whether
juvenile crime is less or more concentrated than adult crime. We noted earlier that the
limited nature of juvenile activity spaces suggests that juvenile crime should be particularly concentrated. But routine activity theory has also been used as an explanation for
the concentration of adult crime, and there is, as we have noted, strong evidence of
concentration of crime generally in crime hot spots (Brantingham and Brantingham 1999;
Crow and Bull 1975; Pierce et al. 1986; Roncek 2000; Sherman et al. 1989; Weisburd
et al. 1992, 2004; Weisburd and Green 1994). One indication of the extent of juvenile
crime clustering is the degree to which juvenile arrest incidents are concentrated in the
highest activity trajectory groups. Fully one-third of the crime incidents in which a
juvenile was arrested are found in the 86 street segments in these groups. This statistic
alone is striking. There is no comparable study that we know of that isolates adult crime,
or that identifies arrest incidents as we have defined them. In a study in Seattle (Weisburd
et al. 2004) that looked at all crime incidents between 1989 and 2002, the highest rate
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trajectory was relatively stable and also accounted for a significant proportion of all crime
incidents examined. However, in this case about 256 street segments accounted for 21%
of all crime incidents.
This suggests that a relatively larger proportion of juvenile crime can be found at a
relatively smaller number of street segments in Seattle, but it does not in itself mean that
juvenile crime is more strongly concentrated per se. Even if we discount the differences
between arrest incidents as defined here and crime incidents as defined by Weisburd
et al. (2004), it is important to keep in mind the large differences in crime frequencies
between the studies. Just by chance we would be likely to find a larger proportion of
crime in a smaller proportion of the street segments in the present study. If crime
incidents were randomly distributed over streets in Seattle in the Weisburd et al. (2004)
study we would expect about one-third of the street segments to contain about 50% of
the crime incidents.12 In fact about 4.5% of the street segments were found to contain
50% of the crime incidents. In the present study we found that about one half a percent
of the segments contained 50% of the arrest incidents. If arrest incidents were distributed
randomly we would expect about 4% of the segments to contain 50% of the arrest
incidents.
We do not think it is possible to draw a strong conclusion from these data regarding the
relative concentration of juvenile crime. But this does not diminish the importance of our
observations regarding juvenile arrest incidents in Seattle. Our study suggests that juvenile
crime is highly concentrated at crime hot spots. This finding is consistent with prior studies
of crime at place, but is the first to identify the importance of small units of geography in
understanding juvenile crime.
The fact that so high a proportion of juvenile arrest incidents are found in such a
small number of street segments suggests significant opportunities for the police and
crime prevention more generally. There is a strong body of evidence that police efforts
focused on crime hot spots can impact crime and disorder in those areas without creating
spatial displacement (Braga et al. 1999; Braga and Weisburd, Hot spots policing,
Unpublished Manuscript; Skogan and Frydl 2004; Weisburd and Eck 2004; Weisburd
et al. 2004). Indeed, there is a growing body of evidence that policing hot spots will lead
to a diffusion of ‘‘crime control benefits’’ (Clarke and Weisburd 1994) to areas nearby
those targeted (Braga et al. 1999; Weisburd et al. 2006). We think our findings here
suggest that juvenile crime hot spots also offer an important opportunity for crime
prevention.
But are the police the right agents to address juvenile crime hot spots? Rosenbaum
(2006) points out there may be unintended and negative consequences of hot spots
policing. Policing juvenile hot spots, in this regard, may lead unnecessarily to labeling and
stigma of young people that may have long term negative consequences. Moreover, recent
research on juvenile crime suggests that delinquency can be prevented by altering the
supervision and structure of juvenile activities. Osgood et al. (1996) have shown a strong
causal relationship between ‘‘unstructured socializing’’ such as getting together with
friends or going out for fun and recreation and juvenile delinquency.
We find that hot spots of juvenile arrest incidents are clustered in places likely to be part
of juvenile activity spaces. We might speculate in this regard that the juvenile crime hot

12

We use the Poisson distribution to approximate the expected number of streets with exactly 9 incidents
for both studies.
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spots we have identified are places where unstructured socializing is common, and that one
explanation for high numbers of arrest incidents in those areas is that they are not adequately structured and supervised. A number of scholars have pointed to the importance of
‘‘place managers’’ in preventing crime at places (Eck and Wartell 1998; Felson 1995). It
may be that place managers are particularly important in creating supervised socializing for
young people. Our findings of very strong concentrations of juvenile crime at hot spots
suggest that the introduction of such place managers in a small number of places might
have strong crime prevention benefits.

Conclusions
There has been a considerable amount of research using group-based trajectory analysis to
identify distinctive long-term patterns of offending among individuals (see Piquero 2008
for a review). The current study extends this approach to the study of juvenile crime at
places over time by using trajectory analysis to identify patterns of juvenile arrest incidents
at places. To our knowledge this study provides the first portrait of the distribution of
officially recorded juvenile crime events across micro units of geography. We find that
crime incidents in which a juvenile is arrested, like crime more generally (Brantingham
and Brantingham 1999; Crow and Bull 1975; Pierce et al. 1986; Roncek 2000; Sherman
et al. 1989; Weisburd et al. 1992, 2004; Weisburd and Green 1994), are concentrated at
crime hot spots and evidence significant stability at such places over time. Moreover, our
paper identifies the salience of routine activity theory for understanding such concentrations of juvenile crime at place.
The very high concentration of juvenile arrest incidents in Seattle points to the
importance of place-based crime prevention for reducing juvenile crime. By addressing
only a relatively small number of street segments in the city, police or other crime prevention authorities can potentially target a large proportion of officially recorded juvenile
crime. The finding of stability across time further reinforces the importance of placefocused crime prevention. If the most active hot spots are likely to stay very active over
time, they provide a very stable focus for intervention. Though place-based crime prevention has not been a major focus of delinquency prevention, our work suggests that it
may be an area with great promise.
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