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1.0 INTRODUCTION
1.1 CHARACTERIZING CRIMINAL CAREERS

When addressing the question of offending patterns, much of early criminological research
focused on particular individuals, tracing the evolution of their patlerns of criminality, or
"criminal careers."’ These studies provided interesting and often insightful reporis on the
individuals studied. There was, however, no indication that the experiences of these fascinaling
individuals could be generalized to the larger population of offenders - offenders who account
for the bulk of crime and certainly represent the great majority of persons processed through
the criminal justice system.

Another more recent body of research examines aggregate levels of offending in the
general population. Largely motivaled by a concern for identifying the social and economic
correlates of crime, a primary focus of this research has been estimating the prevalence of
offenders in different demographic (age. race and sex) or socio-economic groups (e.g., social

class, occupation or income). Prevalence is typically measured from the number of persons

indicating that they ever committed specified offenses in self-reports.’ These estimates of
prevalence have been criticized because they are typically dominated by relativel)y minor
offenses (e.g., skipping school, smoking. engaging in sexual activities) by juveniles. Estimates of
prevalence based on such a range of behavior are very different from those associated with
more serious criminal cffenses in the population (Hindelang, et al., 1979).

Other estimates of the prevalence of offending are available from officially recorded
arrest and conviction histories.’ These estimates use the number of first arrests (or first
conviclions) at each age to estimate the probability of ever being arrested (or convicted) during
a lifetime. Blumstein and Graddy (1982), for example, estimate that 23% of males in large

'Some of the classics among these studies are Booth -(1929), Shaw (1930 and 1931), Sutherland
(1937) and Martin (1952). .

3The self-report literature is rather large, including at least one hundred separate studies. A
partial bibliography is available in the review for the National Council on Crime and
Delinquency (1970). Critical reviews of the validity of much of this research are found in
Reiss (1973) and Hindelang et al. (1979). The following represent only a small sample of the
avajlable vesearch in this area: Short and Nye (1957 and 1958), Reiss and Rhodes (1959). Gould
(1969), Hirschi (1969), Gold (1970), Waldo and Chiricos (1972), Williams and Gold (1972), Elliot
and Voss (1974), Elliot and Ageton (1980), and Hindelang et al (1981).

3See Little (1965), Christensen (1967), Farrington (1981) and Blumstein and Graddy (1982).
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U.S. cities will have an arrest for an index offense by age 55. Sharp differences in the
prevalence of index arrests were found by race, with 51% of non-white males in large cities
expected to be arrested for an index offense by age 55 compared to only 14% of white males.
These large differences in prevalence by race suggest that observed differences in race-specific
arrest rates may be due predominantly to differences in participation, and not 1o differences in
the intensity of offending among active offenders. .

In addition to estimates of prevalence, there are estimates of aggregale population arrest
rates.  Figure 1, for example, shows age-specific population arrest rates.  While these
population arrest rates have changed in absolule magnitude (almost doubling between 1965 and
1976), the pattern over age has persisted, with fifieen to seventéen year olds having the highest
arrest rates per population of any age group followed by a sharp decline with age subsequently.
This pattern has been taken as support for a belief that individual criminality declines with

age, perhaps because of the aging process with its associated increased maturity and/or
declining vigor.

Aggregate statistics of offending in the genera! population are insufficient to characterize
the nature of individual offending for those who engage in criminal activitien. Prevalence, for
example, tells us nothing about the intensity or duralion of that criminal involvement.
Likewise, the sharp fall-off in arresits with age might be due to changes in the intensity of
orrenaing by active offenders or to reducuons in the number of active offenders as individual
offenders discontinue their criminal involvement

It is only in the last decade that estimates have begun to be accumulated that characterize
fundamental features of individual offending for large numbers of offenders. In separaling the
different aspects of individual offending, it is useful to conceptualize individual criminal
activity in terms of a “criminal career,” with entry into a career at or before the first crime
committed and drop-out from the career at or after the last crime committed (Figure 2).
During a criminal career, the offender has a conlinuing ptopcnsit)" to commit crimes.
accumulates some arrests, is sometimes convicled and less frequently is incarcerated.

This characterization of an individual's criminal activity as a "career" is not meani 1o
imply that offenders derive their livelihood exclusively or even predominantly from crime.

“The index offenses include homicide (murder and non-negligent manslaughter), rape, robbery,
aggravated assault, burglary, larceny of morz than $50, and auto theft. The index offenses
were expanded in 1973 1o include all larcenies regardless of value, and were augmented in 1961
to include arson.

2500 | 5000
.4 500
2000 4 AL
L3507
1000, - -0
0.0 19%5 e
WX 1970
300 . . Rl
M
1 1 4 L R ¥ L4
1965 10 20 30 40 50 60 70 197
Rates Age Razes
Figure 1

Arrests for Index Crimes Peg 100,003 Population
by Age

*  The 1965 arrest rates are taken from Table 1 of The Challense

of Crime in a Free Society (p. 56). For 1975, the number of repo rted
arrests by age are from Table 32, Uniform Crime Report: 1976. Pop-
ulation estimates by age for 1976 are available in Bulletin 643 of

the Current Population Reports.

Not all police agencies report  arrests to the FBI; in 1970,
arrests were reported for an estimated population of 175,499,000, or
82.6% of the estimated total population of 212,420,000 in 1976. To
estimate arrest rates per population in 1976, the ratio of reported
arrests to 82.6% of the total population in each age group is used. o
This ignores whatever differences there might be in the age distribution
of the population in jurisdictions reporting to the FBIL compared to
that of the total population in 1976.

For multi-year age categories (e.g., 25 to 29), the arrest rate
is noted &t the midpoint of the category
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An Individual Criminal Cereer

£

The concept of a "criminal career” is intended only as a means of structuring the longitudinal
sequence of criminal events associated with an individual in a systematic way. This notion of
a criminal career can be applied to all crimes committed by an offender, or it can be
restricied to subsequences of crimes which focus on selected crime types. For example, we
may limit our atlention io that portion of a criminal career involving only serious crimes by
identifying the subsequence of events belonging to the FBI's category of index offenses.

As depicted in Figure 2, criminal careers can be characterized in terms of several
parameters: (1) how long they last, T, (i.e., the number of years an offender remains
criminally active), (2) the intensity of offending during a career, 2 (i.e., the number of crimes
committed per year per aclive offender), and (3) the crime type mix (e.g.. the extent of
specialization or escalation to more serious crimes durizig a career). Basic knowledge of these
facets of individual criminality and the progress of adult criminal careers is fundamental to
expanding our understanding of how various social factors may operate on the individual either
to facilitate or to inhibit criminal activity.

-

For example, past empirical efforts investigating the impact of unemployment on crime
have resulted in inconsistent conclusions, with som: finding evidence in suppcrt of such a
relationship while others find evidence to the comtrary.® This inconsistency may be due in part
to the exclusive focus in these studies on aggregate population crime rates as the dependent
variable. It may well by that unemployment differentially impacts criminal participation rates
and individual rates of offending. Or it may be that unemployment influences offending at
certain ages, but not at others. Separating these impacts would permit a more precise
determination of the nature of the infiuence of unemployment on crime and would thereby
facilitate the development of more focused and more effective policies with respect to this
contributing factor. Blumstein, et al. (1982) begins to pursue this more refined analysis.

Knowledge about patterns of individual criminality is also necessary for developing
effective crime control policies. For example, incapacitation - or physically preventing the
crimes of an offender in the community (e.g., through incarceration) - has emerged as a

’See, for example, Glaser and Rice (1959), Fleisher (1966), Singell (1967), Votey et al. (1969),
Phillips et al. (1972), Ehrlich (1974), Votey and Phillips (1974) and Danser and Laub (1980).




popular crime control strategy.® Central 1o estimates of the crime-control effects of an
incapacitation policy are empirical estimates of individual crime rates, ), and of the average
duration of criminal careers, T. If such a career is not interrupted by imprisonment, it can be
expecied to generate a total of AT crimes. Likewise, incarceration for a period of S years
could potentially avert AS of those crimes in ‘the community.” The benefits derived from
incapacitation in “terms of the number of crimes prevented will vary depending on the
magnitude of the individual's crime rate and the length of his criminal career; the higher the
individual's crime rate (\) and the longer his carf':er (T), the more crimes that can be averted
through incapacitaticn.®

One incapacitative strategy calls for more certain ans longer imprisonment for offenders
with prior criminal records as reflected in “third-time-loser” or "habitual-offender” laws. But,
if individual crime rates ()\) were to decrease as criminal careers progress, there are fewer
crime~-reduction benefits to be gained from incapacitating offenders already well into their
criminal careers than from incapacitating those with only short prior criminal records.

The length of criminal careers (T) i$ also an important consideration. Any incapacitative
policy is effective in averting crimes only if it is applied during a criminal career when an
offender would be committing crimes if not incarcerated. Continuing 1o incarcerate an
offender after the career ends - when no more crimes would be commitied anyway = simply
wastes limited prison capacity, at least from the perspective of incapacitation.

See, for example, Wilson (19752, 1975b and 1977), Ford (1975a, 1975b, and 1975c), van den
Haag (1975), and more recently, the calls for reform of bail release 1o permit pre-trial
detention of "dangerous" defendants (Burger, 1981; Atlorney General, 1981b) and the
recommendations of the Attorney General's Task Force on Violent Crime 1o increase
effectiveness in incarceratling career sriminals through improved certification and prosecution
programs (Attorney General, 1981a).

"Focusing on the problems of crime faced by the non-incarcerated community, the
incapacitative effect refers only to those crimes averted in the community and ignores any
crimes committed while incarcerated. A more general view of incapacitation would take some
account of the crimes committed while incarcerated.

%The incapacitative effect is reduced below )S crimes if the criminal activity of the
incarcerated offender persists in the community while the offender is incarcerated. This might
happen if, for example, the offender is part of an organized economic activity such as drug
sales or burglaries organized by a fence. In this event, a replacement might simply be
recruited from an available "labor markeL” Also, if the offender is part of a crime-
committing group, the remaining members of the group may well continue their criminal
activity, with or without recruiting a replacement. See Reiss (1580) for a more detailed
consideration of . the potential impact of replacement and group offending patierns on
incapacitation effects..

5

From the perspective of developing incarceration policies that maximize incapacitatitve
effects, then, it is important to know how long criminal careers can be expected to last, and
more importantly, to develop a capacity to estimate expected remaining career lengths from any
point in & career. For example, if on the average career lengths are quite short, this suggests
a general policy of incarceration only for short periods of time in order to avoid the
possibility of wasting prison capacity on individuals whose careers have already ended. More
precise determinations can be made with knowledge of the expected remaining career length as
a function of time already in a career. To the extent ’_t.hat future career length is an
increasing function of time already in the career, (i.e., the longer offenders have already been
active, the longer still they can be expected to continue), this would suggest marginally greater
use of prison for offenders with longer pust careers because their future careers are also likely
to be longer. The converse policy is appropriate when future career length is a decreasing
function of time already in the career; in this event, offenders with long past careers are
likely to terminate their careers very shortly.

1.2 PRIOR RESEARCH ON INDIVIDUAL CRIMINAL CAREERS

Both evaluating the crime control effectiveness of any incapacitation policy and improving

.our understanding of the ext:nt and dynamics of individual criminality requires information on

the patterns of individual criminality during a career. Since the daily criminal activities of
individual offenders cannot be monitored directly, some secondary form of observation and

.infcrence is required to generate estimates of criminal-career parameters. Two primary

approaches arc available. One involves self-reports where individual offenders are identified
and asked about their criminal activities, and the other relics on inferences from officially
recorded arrest histories.

The self-report approach provides direct information on criminal careers, but is subject to
veracily errors resulting from deception by the respondent as well as to recall errors in
reporting on events that may have occurred long ago. Recent studies of self-reported crime
by prison inmates undertaken by the Rand Corporation (Peterson and Braiker, 1980; Chaiken
and Chaiken, 1982), represent a major advance over earlier self-report studies (e.g., Williams
and Gold, 1972) which provided only a limited view of criminal activity. Primarily motivated
by a concern ifor levels of “"hidden delinquency,” or more precisely of "hidden delinquents,”
these early studies focused on the prevalence of offenders in a population. None tried to

" assess the intensity or duration of criminal activity for identified offenders. Furthermore, the

sample populations wers invariably school-age children or college students, and the "crimes”
surveyed were usually dominated by minor legal infractions (e.g., skipping school). The Rand
study is unique among self-report studies in its attention to developing estimates for adult
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offenders, a concernfor their mate of offending, and & focus on more serious index offenses.
The use of self-reports from prison and jil inmates, however, limits their ability to
extrapolate directly to more general offending populations.

The other principal approach involves analysis of the arrest process which is more often
recorded rveliably at the time of the event. The information on arrests can then be used 1o
yield inferences about the underlying crime process generating the observed arrests.  This
approach involves use of individual arrést histories linking a scquence of arrests to identified
offenders.  Analysis of these arrest histories provides direct characterization of the arrest
process, which is certainly of interest, but which requires a variety of assumptions about the
"sampling” process by which some crimes rzsult in arrests in order to be able to infer the
characteristics of the underlying criminal activity. This approach based on arrests is followed
in this paper.

There are two principal parameters that characterize individual criminal careers -
individual crime rates ()\) and the length of the career (T). Estimating the value of X\, the
average annual rate at which individuals commit crimes, has been the subject of intensive
exploration by the authors using arrest records (Blumstiein and Cohen, 1979) and by others
using self-reports by prisoners (Peterson and Braiker, 1980; Chaiken and Chaiken, 1982). Both
approaches have yielded results that are reasonably consistent. In particular, those offenders
who ire active in the crime type (i.e., those who reported committing, or who were arrested at
least once for the crime type) are found tc commit an average of two armed robberies a year
and six or seven burglaries a year. Furthermore, controlling for crime type, offenders who
remain criminally active, commit crimes at a fairly constant rate over age”’ Since the sources
of error are quite different in the two approaches and independent data bases are used, the
consistency of these results provides some degree of confidence in both approaches.

Estimating the duration of criminal caresers is the principal focus of the present report.
Despite the fundamental nature of this variable, prior research on, the length of criminal

’ and Braiker (1980) using self-reported crime nole that toal crime rates for
ind?vcim tend to decrease with age of the offender. This dccm.ge with age, hov{evcr. 15
apparently associated with a decline in the number of different crime types qommntcd by
older offenders. Controlling for crime type, older offenders report committing crimes at about
the same rate as younger offenders. Blumstein and Cohen (1975) also note that .whcn th;
histories of all arrestees in a year are examined, individua) arrest rates, and inferentially their
crime rates, decrease with age. Controlling for birth cohorts, how;vcr. the Tales are found to
be stable over age within a_cohort, but more recent cohorts have higher stable crime rates than
older cohorts.

o

o
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careers is much more sparse than estimates of ), and even when available it is generally
inadequate,

A non-empirical approach 1o criminal career length is available in Avi-ltzhak and Shinnzr
(1973). Primarily for reasons of mathematical tractability and with no empirical support, their
stochastic model of criminal careers assumes criminal career lengths to0 be exponentially
distributed. Shinnar and Shinnar (1975) adds some empirical content to this basic model using
data from the FBI's Computerized Criminal History files as reported in the Uniferm Crime
Reports: 1970, The career length is estimated from the average time between the first arrest
in the record and the most recent arrest in the longitudinal arrest histories of offenders

" arrested on federal charges during 1970. For repeat offenders (persons with at least two

arrests) the average time to the most recent arrest it about nine years, while for all offenders
(repeaters ahd first-time arrestees), the average time is reduced to about five years.

Since the last arrest recorded in the data is not necessarily the final arrest in an
offender's career, these data represent only a partial career length. If career lengths are
exponentially distributed, however, this parual career length is an unbiased estimate of the total
carcer length. Thus, by assuming career lengths tc be exponentially distributed and adjusting
for the time from first crime to first arrest, and from final arrest to final crime, Shinnar and
Shinner estimate that criminal careers average from ten to fifteen years in length. The
accuracy of this estimate, however, rests on the representativeness of the population of federal
offenders found in the criminal career profiles, and on the appropriateness of the assumption
of an exponential distribution for their career lengths. These assumptions receive no empirical
verification in the Shinnar and Shinnar paper.

Greenberg (1975) uses a different npproach o estimate average career lengths. If pis
the average number of index arrests per yur per offender, and T is the average career length
for index offenses, N = ,T is the total expected number of index arrests in a completed
criminal career. Using estimates of 4 = 5 and N = #T = 25, Greenberg calculates the
average index career length to be five years. Aside from issues relating to the validity of the
individual estimates of and N used, the accuracy of the Greenberg estimates rests on various
steady~-state assumptions of stationarity in the processes generaling an active criminal population
= assumplions that are not empirically validated.

The most methodologically sophisticated attempt to estimate career lengths is found in
Greene (1977, Chapter 3) and Blumstein and Greene (1978). Following a methcd outlined in
Shinnar and Shinnar (1975), Greene applies a life-table approach (derived from survival models
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in reliability testing)“to the age distribution of adult arrestees in a year 10 estimate the total
length of criminal careers. The results suggest that adull criminal careers for index offenses
other than larceny follow an exponential distribution between ages 18 and 40 with 3 mean total
length between B and 12 years.

(Y

While representing an advance over earlier estimates, the Greene results are still short of
definitive. The validity of estimating the career length directly fr9m the age distribution of
arrestess in a single year rests strongly on the following assumptions:

1. Al active offenders are equally likely to have at least one arrest in a year;
2. All offenders begin their adult criminal careers at sge 18; and

3. The size of the offender population each apge is constant over time.

The first assumplion is intended to guarantee that the arrestess in a year are
representative of the total active offender population, at least with respect to age. The second
assumption justifies using age. a, as a direct measure of time already in a career, ! (ie, t = 2~
18). The last assumption addresses the possible non-stationarities in the size of the offender
povulation due to variations in the size of the base population, in recruitment into criminal
careers, and in the dropout process.

The analysis in Greene (1977) and Blumsiein and Greene (1978) indicates that the estimates
of career length are quite sensitive to violations of these assumplions. Under conditions of a
declining probability of arrest with age and/or of growth in the size of the offender
population over time, just using the age distribution of arrestees ‘in any year with its greater
representation of young arresiees will underestimate the length of the career, Entry 10
crimina) careers after age 18, on the other hand, will lead to overestimates of a career length
gs arrests of older offenders are mistakenly interpreted as long careers.

1.3 FOCUS OF THIS STUDY

We propose to extend the life-table approach introduced by Greene'to develop estimates
of criminal caresr length that explicitly address the underlying assumptions stated above. In
particular, we will use several years of data in place of the single-year approach in order to
consider explicitly variations in the rates of recruitment to and dropout from criminal careers.
Adjustments for variations in the size of the base population over time as well as procedures
that restrict the analysis to offenders who do begin their adult careers at a common age will
also be used.

B A ——— AL S, WL 535
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We will also develop techniques for using data on arrests ratfier than arrestees to estimate
career lengths. In contrast to the existing method of Greene which requires data on arrestees
- which are generally unavailable = the new method needs only data on arrests by age. which
are well recorded. This generalization of the estimation technique to more widely available
data will increase the potential for widespread use of the technique to generate career-length
estimates in the variety of jurisdictions regularly recording annual arrest data,

Section 2 of this report details the basic me}.hod and its application to Washington, D.C.
data. The method involves various adjustments to the original data, both to estimate unique
arrestees from data on arrests and to increase the likelihood that the data satisfy the three
underlying assumptions listed above. The section concludes with an analysis of the sensitivity
of the career-length estimates to the various adjustments to the data.

The use of data from several different years provides an opportunity to examine explicitly
the stability of career~length estimates over time. The results of this test of stationarity are
discussed in Section 3, along with an analysis of the general level of variability in career-length

. estimates.

A key aspect of criminal career length is residual career length, or the expected time
remaining in a career after having already been criminally active for x years. This variable,
which is the subject of Section 4 of this report, is particularly relevant to developing
incapacitation strategies based on past criminal record. The observation of declining population
arrest rates with age (Figure 1) has led to the conventional wisdom that imprisonment after age
30 is not efficient because these older offenders are likely to be soon terminating their
criminal careers.'® It is clear from Figure 1 that the number of individuals who are still
criminally active after age 30 is relatively small. It is not clear, however, whether the
expected future career length of those few who are still criminally active at age 30 is also
small. This kind of issue is central in the use of information on residual career lengths for
policy purposes.

. .

Age at first arrest, or at first conviction, has often been cited as a factor associated with
greater individual commitment to sustained subsequent criminal sctivity (e.g., Sellin, 1958). To
the extent thnt';his is found to be empirically substantiated for career lengths, age at the start

"’Tl;is concern has been raised, for example, by administrators of career criminal prosccution
units where the average age of targeted offenders has been observed to be in the late twenties
or ecarly thirties. (National Workshop on the Career Criminal Sponsored by the National
Institute of Lsw Enforcement and Criminal Justice in Alexandria, Virginia, September 1979).

- -,
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of criminal careers represents another potential dis;criminnting variable in developing
incapacitation strategies. This proposition is explicitly considered in the context of variations in
criminal career length in Section 5. Arsestees are partitioned by entry age 1o their adult
criminal careers and both length of total criminal careers and residual criminal careers are
compared for different entry ages.

Population arrest rates exhibit very differcni patterns over age for different crime types.
As illustrated in Figure 3, property offenses (burglary, larceny and amo theft) are characterized

by very sharply peaked age-specific arrest rates per population, ‘Whereas the age-specific arrest '

rates for violent crimes (murder, rape and sggravated assault) decline much more slowly with
age. This suggests that the duration of criminal careers may vary for different crime types.
and be shorter for property crimes than for violent crimes. This issue is examined in Section
6.

Section 7 summarizes the results and discusses some policy implications of the findings on
durations of criminal careers.

2.0 ESTIMATING THE DURATION OF CRIMINAL CAREERS

The most direct approach 1o estimating the iength of criminal careers would be to follow
individual offenders longitudinally, and note the time elapsed from start 10 end of a career.
Such a longitudinal approach, however, is not very well suited 1o criminal-carcer rescarsh, To
begin with, there is considerble ambiguity in identifying the exact start and end of a criminal
career. Since the crimes of an offender are rarely observed directly, they cannot be used to
mark the start and end of a criminal career. Using the time between the first and last arrest
as a proxy is likely 10 undersiate career length because it ignores undetected criminal activity
before and after these arrests. There is also uncertainty about identifying when the last arrest
occuss.  Offenders must be followed until their deaths to be sure of the time of the last
arrest.  Furthermore, full careers are likely 1o be relatively long (10 to 15 years) and if we
wait until we have a sample of completed careers, the resulting caresr~length estimates may be
obsolete with respect to the behavior patterns of currently active criminals.  Thus, it is
particularly desirable 1o develop procedures for esiimating career lengths indirectly on the basis
of patterns of currently active offenders.

Our basic approach to estimating duration of criminal careers derives from the observation
that the numbers of arrestees in any year falls off dramatically with age. This fact is
illustrated in Figure 4 showing the age distribution of arrestees for serious crimes in
Washington, ID.C. during 1973, This decrease in numbers with age is very similar to, but more
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Figure 3

Male Arrest Rates by Age and a
Crime Type in 55 Large U,S, Cities in 1970

The data include those U.S. cities with populations in excess of
250,000 in 1970. For multi-year age categories (e.g., 25 to 29),
the arrest rate is noted at the midpoint of the category.

The arrest rates are expressed as percentages of the peak rate
for each crime type. The actual races are available in Appendix K.

Property offenses include burglary, larceny and auto theft.
The peak rate is expressed as arrests per 100,000 male population.

Violent offenses include homicide, rape, aud aggravated assault.
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other than larceny).
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rapid than, the decline in the age distribution observed in the general population. After
controlling for the size of different birth cohorts,”! the drop-off in the general population
with age reflects mortality rates at different ages. These age-specific mor(ality rates, as well
as the consequent life expectancies for the population, can be estimated directly from observing
the age distribution of the population in any year.

The same basic principle underlies our approach to estimating criminal career lengths. At
least in part, the reduced numbers of older arresiees reflects a career equivalent of mortality,
namely the dropout from criminal careers as active offenders terminate their criminal activity.
This manifestation of the dropout process can be used to develop empirical estimates of
dropout rates from criminal careers, and of the associated expected length of ‘criminal careers.

There are, however, factors other than dropout that affect the number of arresiess of
each age that must be controlled in the estimates. Arrestees, like the rest of the population,
are vulnerable to changing birth, death and migration processes that affect the size of different
age cohorts. Some of the fall-off in arrestees with age is simply a reflection of an increase
in the size of more recent 'arth cohorts and of increased mortality with age. These more
general population dynamics must be separated out before estimating career lengths.

In estimating expected lifetimes for a population, age is a direct indicztor of how long a
person has lived so far. For criminal careers, age is only a proxy for time already elapsed in
a career that depends on the age at which the career began. For a career that begins at age
a, for example, arrestees at age a will have been criminally active for x years where x = a-a .
Age at which a criminal career starts is thus a critical variable in estimating career length from
the age distribution of arrestees. ‘

Just as general populations are vulnerable to variations in birth and death processes over
time, the different age cohorts of arrestees observed in a single year are the product of
potentially varying recruitment and dropout processes over time. Changes in the proportion of '
birth cohorts that enter c:iminal careers, or changes in dropout rates from criminal activity
over time will dit‘ferentiaily sffect the numbers of arrestees at each dge. Increases in
recruitment in recent years, for example, would result in *disproportionately larger numbers of
young arrestees relntive to old arrestees found in a year. Such variations must also be
considered when estimating career length.

“V'For populations that are defined narrowly geographically, additional adjustments for
migration into and out of the area are also required.
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One final consderation is the degrez to which the age distribution of arrestees is an
adequate reflection of the age distribution of all active offenders. If the age distribution of
arrestees is representative of that of all offenders, the career-length estimates obuained here
will represent the iotal length of criminal careers. Otherwise, the career length estimates
sccurately reflect the length of arrest careers (i.e., the expected time from first to last arrest).
Arresiees are representative of active offenders in general with respect to age if the probability
of at Jeast one arrest in a year for offenders is stable over age. On the other hand, a
decrease with age in arrest vulnerability would underestimate criminal career length as older
offenders are underrepresented among arresiees, and vice-versa.

"Building on the life-1able approach 1o estimating mortality rates and expected lifetimes for
a population, the age distribution of arrestees is used 50 estimate dropout rates from criminal
careers (analogous to mortality rate), the expecied total length of criminal careers (analogous to
the expected total lifetime at birth) and expected residual career lcngth:s (analogous to life
expeciancy at any age). The technical details involved in making these estimates are provided
in Appendix A. Applying the estimates developed in Appendix A 1o the age distribution of
arrestees, requires adjustments for:

1. variations in the size of the base population each age;
2. age at the start of a criminal career;

3. variations in rates of recruitment to and dropout from criminal careers over time;
and

4. age variations in the probability of an offender being arresied at least once in a
year.

Application of these adjustments 1o data on age-specific arrests and arresices are
considered individually below.

2.1 EXTENSIONS TO ARREST DATA

Estimating career~length parameters ideally requires data on the number of distinct
arresiees, or different persons arresied at each age in a year. While data on arresiess are rare,
data on arrests by age are widely available. Because some people are arresied several times in
a year, and thus are counted more than once in their age group, however, arrests by themselves
are not a satisfactory proxy for arresiess. In this section, we examine the potential for
adjusting arrest data to generate estimates of the number of iqdividual arresiess,

17

2.1.1 Conveirting Arrests to Arrestees

Converting age-specific numbers of arrests to numbers of arrestees requires data on both
arrests and persons arrested in order to compute the ratio of individual arresiees io total
arrests in a year. The necessary data on arrestees and their arrests were available to us for all
adults arrested for an index offense other than larceny in Washington, D.C. during 1973."7
These data included all arrests for each arrestee during the sample year.

The arrestee—~to—-arrest ratio by age observed for each index offense type in Washingion,
D.C. during 1973 is presented in Figure 5, along with the best straight-line fit through the

. observed ratio values. The arrestee-to-arrest ratios vary by crime type, with robbery,

nggravated assaull and larceny'’ exhibiting increases in the ratio of arrestees to arrests with age.
Tisis reflects a greater incidence of multiple arrests per person in a year for younger offenders
in these crime types. The greater prevalence of multiple arrests is especially evident for

robbery and larceny which average from 1.3 to 1.4 arresis/arrestee for young adults. In

contrast, the remaining crime types have generally stable ratios over age.

A principle focus of this research will be on estimating the duration of index criminal
careers - that is, the portion of a criminal career during which the more serious, index
offenses are committed. This will require aggregating arrestees for the individual index offense
types to yield the total number of index arrestees. Because the same offender may be arrested
for more than one index crime type in a year, a simple sum across the crime types will
involve potential multiple counting of the same arrestee. This can be adjusted for by using the
ratio of unique index arrestees found in the sum across index crime types. Figure 6 presents
the observed ratio by age for the Washington, D.C. arrestecs, along with the best straight line
fit through the observed values. The proportion of unique arrestees increases steadily with age
indicating that younger offenders are more likcly to have arrests for more than one index
crime type in a year.

2.1.2 General Utility of Conversion Factors

The kind of data linking arrestees with their arrests used in Figures 5 and 6 are usually

2These data were provided by the FBI from their computerized criminal history file.

13The 1973 arrestee data are complete for all index offenses other than larceny. In the case
of larceny, only those larceny arrestees who are also arrested for some other index offense
during 1973 are included. Thus, the pattern of multiple arrests per arrestee for larceny is
characteristic of larceny offenders who get arrested for other index offenses as well, and so it
may not be representative of &il larceny arresiees.

T
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not available. In terms of the general utility of the methods for estimating career length
proposed here, it is important to assess how useful the estimates derived in one place and time
may be in other settings.

To explore the generalizability of the arrest-to-arrestee conversion factors, data were
obtained for adult arrestees in the state of Michigan during the years 1974 through 1977.'4 The
arrestee-to-arrest and unique-index-arrestee ratios were cstimated separately for four years in
eleven large counties in Michigan.'® These ratios were regressed against age {as in Figures 5 and
6) and the resulting regression coefficients were examined for stability over time and across
jurisdictions.'® (See Appendix B.)

Comparing across the four years 1974 to 1977 in each county revealed considerable
stability over time in the arrestec-to-arrest ratios for individual crime types and in the
proportion of unique index arrestees. In comparisons for 88 separate ratios across time, only
eight were found to have statistically significant time trends. These eight cases, however, did
not exhibit any distinctive pattern and a single combined test failed to reject the null
hypothesis that all eighty-eight ratios are time stationary (p = .08)."”

While generally stable over time (at least for the four vears studied), the values of the
ratios did vary significantly across different counties in Michigan (Appendix B). As in
Washington, D.C., the arrestee~to-arrest ratios were generally stable over age for murder, rape
and auto theft. The mean value, however, varies from county to county. Alsc as in

“The data were again obtained from the FBI's computerized criminal history file and
included all adulis arrested in Michigan for an index offense other than larceny at some time
from 1974 to 1977, This provided a complete inventory of arrestees for the selected crime
types. Data on all arrests for the selected arrestees were included.

“¥Those counties with about 900 or more index arrests annually were selected.

¢4 standard F-test suggested by Chow was used to compare the resus from an
unconstrained regression (in which the parameters are estimated separately for dit, arent years,
or different counties) with those of a constrained regression (in which the parameters are
assumed to be equal in ail years, or in all counties). See Fisher (1270) or Rao (1973:281-4) for
details of this test

""The test combines the individual p-levels of the separate F-tests to form the statistic:
Px = 2:" “unpl
which is distributed as X? with 2k degrees of frecdom. The individual F-values and P, are
reported in Appendix B. ‘
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Washington, D.C., the remaining crime types have positive trends over age in at least some of
the counties, aithough the trends were not present in all counties. The proportion of unique
index arrestees always has a distinct upward trend with sge, but the intercept varies across the
counties from .B58 1o .954. Washinglon, D.C. and Michigan are also distinguished by different
levels of multiple arrests, with Michigan arrestees having fewer multiple arresis for individual
crime types and fewer arrests for multiple crime types in a year than were found in
Washington, D.C. (See Appendix B).

Thus, there is strong stabjlity in the ratios over time, but with some small variations
across jurisdiclions. As indicated in Appendix B. within the range of jurisdictional differences
in the ratios observed in Michigan and Washinglon, D.C., the impact of different ratios on the
career length estimates is small. The estimates derived from the eleven Michigan counties and
from Washington, D.C. thus appear to offer reasonably generalizable factors for converting
arrests 1o arresiees in order 1o develop career~length estimates for other jurisdictions.

2.1.3 Washington, D.C. Arrests

To assess the variability in career~length estimaies derived from arresis in a single year,
data on index arrests in Washington, D.C. were obtained for seven separate years (1970 to
1976)."* Unfortunaiely, the arrest data for each year were only reported for aggregated age
groups (e.g. 25 to 29 year olds). while the career lengtn analysis focuses on each of the
individual sges contained in these groups. Again, the detailed data for 1973 arresiees were
used to disaggregate the number of arrests to each individual age. (See Appendix C).

Since the age-specific data are only available for adults arrested in 1973, the career length
analysis is restricted to adult careers (i.e, the portion of the criminal career occurring after
age 18). Also, we only consider the age distribution for index crimes, and the resulting length
of index-crime careers (i.e., the period during which adult offenders commit index offenses).
A 1otal adult criminal career, including non-index offenses, will in general be longer than the
index~crime career.

2.1.4' Final Estimates of Arrestees

The age-specific numbers of arrests for each index offense available in section 2.1.3 were
first multiplied by the arrestee-to-arrest ratios estimated in section 2.1.1 to yield arrestees for
each index offense type. Summing over all index offense types provides a first estimate of

WThese data were obtained from the Annual Report of the Metropolitan Police Department
of Washington, D.C. issued for the years 1970 to 1976.
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' tota] mdcx arrestess of age a in year t. Because the same individual may be counted more than

once if he is arrested for more than one index offense type in a year, however, this simple
sum overestimates index arrestees. To correct for this multiple counting, we multiply bty the

proportion of unigue index arrestees estimated in section 2.1.1. This yields the final estimate
of the number of index arrestees of each age a in year L'° .

To generate estimates of 2ae career length variables, the resulting data on the age
distribution of arrestees must be adjusted to bring the datz into conformity with the analytical
assumptions identified in section 2.0 and Appendix A. In particular, we must assure that the
arresiees at each age are representative of the larger group of offenders of that age, that the
effects associated with different sizes of birth cohorts are removed, and that age becomes a
reliable measure of time already spent in a criminal career. We will explore each of these

issues in .mm. testing the validity of the assumptions in some cases and adjusting the arrestes
estimates in others.

2.2 REPRESENTATIVENESS OF ARRESTEES

The first assumption requires that the probability of at Jeast one arrest in a year does not
vary with age. In other words, the individual arrest rate (the number of arrests per year per
active offender) must be constant over age. A higher arrest rate for certain age groups would
increase the representation of these age groups among arrestees and bias the career length
estimates. Previous anmalysis of arrest~history data for Washington, D.C. offers some
preliminary empirical evidence o support the -assumption of stationarity -over age within a
cohert of offenders (Blumstein and Cohen, 1979). There was, however, evidence of variations
in arrest rates across different cohorts for some crime types (robbery, burglary and larceny).
Thus, the effect on the career-length estimates of any age dependencies in the likelihood of
arrest are examined explicitly in section 4.2 and Appendix G.

2.3 CORRECTION FOR VARIATIONS IN_THE SIZE OF THE BASE POPLLATION

In measuring criminal career length and dropout from careers using the age distribution
of arrestees, we must control for the changes in the number of arrestees each age that are due
o changing birth, death and migration patterns in the base population. To control for the
influence of these base-population variations, we take the ratio of arrestees to the base

YEor A(ay) - the number of arrests for each index cnmc type i at age a in year t, k (@) -
the ratio of arrestees~to-arrests by age for index type i, and m(a) - the proportion of umque

index arrestees by age among the sum of arrestees for individual index types, the final estimate
of the total number of index arrestees at age a in year t is gwen by:

N@ = m(a) T k() A ).
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population at each age. The resulting arrestees per cupita at each age normalizes the age-

specific numbers of arrestees with respect 10 the size of the base population at each age. This f

adjustment accounts for any variability in the offender population due to birth, death and |

migration to the extent that the birth, death and migration patierns of offenders are like those

of the general population. Table 1

. ‘ Distribution of Arrests and Arrestees
As indicated in Table 1, index arresiees in Washington, D.C. are predominantly non-white in Washington, D.C, by Race and Sex

males. The most appropriate base population for normalizing is then the number of non-white

males by age in Washington, D.C. each year. With the exception of 1970 when the deiailed .
. . . . . Criterion Arrests:

resulls from the decennial population census are available, the annual population figures are e e ocnme*

.available only for aggregale age groups. The .required population estimates for sinple ages in

Year % Male % Nonwhite % Nonwhite Males

each year after 1970 were generated using the procedure for distributing population age groups : - _— ——
over the individual ages described in Appendix D. 1970 93.4 93.0 86.8
1971 93.3 94.6 87.9
2.4 CORRECTION FOR LATE ENTRY INTO CRIMINAL CAREERS 1972 91.3 93.6 85.4
The career-length analysis requires some means of estiinating the time already elapsed in 2 1973 91.1 94.8 86.3
criminal career from the observed age, a, of arresiees. If all offenders begin their adult index 1974 90.8 93.8 83.9
careers at the same 2ge, 3, then time in the career for an offender age a is just x = a-a_ 1975 93.2 95.3 N.A.
To identify a, we need data on the age at first index arrest for arrestees. The 1973 arrestee 1976 92.0 96.2 N.A.
data provides a basis for determining the age of the first adult index arrest for the 1973 Average 92.2 94.5 86.1

arrestees. The analysis is restricted to adult criminal careers, in part because these data do not
contain information on juvenile arrests. The earliest age at which adult index careers can Criterion Arrestees:
bcgin is 18, s0 we begin by Scuing a" = 18. 1973 89.7 91.8 85.8

Two different spproaches could be used to assure that the index arrestees included in the
analysis were indeed active as index offenders at age 18:

N.A, = Not Available.
1. All adult index careers could be assumed to begin at age 18, regardless of the age at

first index arrest; or ~ . *Derived from tables reported in the Annual Reports of the
, Metropolitan Police Department, Washington, D.C. Criterion arrests
2. The analysis could focus on only those offenders who do have an index arrest on or (, include arrests for homicide, rape, robbery, aggravated assault,
before some threshold age b, ' burglary and auto theft.

The percentages presented are based on arrests for all ages.
When ‘adults could be identified separately, the percent nonwhite was
an average of 1.5 percentage points less for a seven-year average of
93.0% snd the percent male was an average of 1.3 percentage points
less for a seven-yszar average of 90.9%.

The first approach includes all arrestees in the analysis, While the bulk of adult index

ek
Derived from the F,B.I, computerized criminal bistory file of

individual adult arrestees for criterion offenses in Washington, D.C.
during 1973,
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* careers do start at age 18%° , there are nevertheless some adult offenders who do not begin

their adult index careers umntil well after sge 18. Failure to exclude these late starters from an
analysis that assumes a = 18 for all arrestees will overestimate the career length by mistakenly
attributing long careers to individuals whose first adull arrests occur at older ages. Approach
(2) reduces the overestimation bias due to these late starters by sestricting the analysis only 1o
arresiees who are more likely 1o have started their adult index carzers at 18.

The 1973 arrestee data provide estimates of the proportion, P(a), of 1973 arresiees at
each age a who had their first adult index arresi beiween age 18 and some cut-df{ threshold
age, b. By assuming stationarity in Pb(a) over time, these proporlions can be applied to the
annual arresiees per capita each age available from section 2.3 to eliminate those arresiees who
do not have an index arrest until afier age b. ’

The use of a threshold age, b. 1o identify 1B-year-old starters involves two types of
error:

1. Errors of Omission: missing a true 18~year-old starter who fails to have an index
arrest between ages 18 and b, and

2. Errors of Commission: mistakenly identifying someone who has a first index arrest as
Jate as age b as having started at age 18.

As b increases, errors of omission decrease while errors of commission increase. For any
given value of b, when these two error rates are uniform at every age. with either the same
proportion of missing true starters at each age a, or the same proportion of mistakenly
identified laie starters at each age a, the age distribution of arrestees and the resulting career~

2oFollow-ups beyond age 18 of the Philadelphia birth cohort (Wolfgang ei al, 1972) indicate
that of adults with arrest records between the ages of 18 and 22, 75% also had juvenile arrest
records (Wolfgang, 1977). When followed to age 30, 60% of adults with arrest records also
had juvenile arrest records (Collins, 1976). This continuity of offending between juvenile and
adult criminal careers also appears to be more prevalent among non-whites. In the follow-up
o age 22 (Wolfgang, 1977) 65% of white adult offenders also had juvenile arrest records
compared 10 83% of non-white adult offenders.

length estimates are not biased.”

When the error raies vary with age, however, the age distribution of arrestees is affected
by shifts in b, This will result in underestimates or overestimates of career length as either
type (1) or type (2) errors become more likely. If older offenders are more vulnerable to
type (1) errors in year t (perhaps because older arrestees have had lower arrest rates
throughout their careers), we are more likely to miss true 18-year-old starters among older
arrestees when b is small. This will decrease the representation of older arrestees in the age
distribution and lead 1o underestimates of career length. These type (1) errors can be reduced
by increasing the age threshold b. As we increase b, however, we increase the likelihood of
type (2) errors where late starters among older arrestees are mistakenly identified as active at
age 18. This increases the representation of older arrestees in the age distribution resulting in
overestimates of career length.

The choice of the threshold age, b, for a first index arrest thus represents a balancing
between potential underestimates and overestimates of career length. To assess the semsitivity

" of the resulting career-length estimates to particular values of b, three different values of b

were used in this analysis, b = 20, 23, and 25.

The values of Pb(a) observed for the 1973 arrestees are presented in Figure 7. This figure
shows that the lower the threshhold age b, the smaller the fraction of arrestees at any age a
who satisfy the “early-starter” criterion. The observed values of Pb(a) were smoothed by
fitting an exponential function through the points beyond the respective b thresholds, with

Pb(x) = aeﬁ'. where x = a~b.

The smoothed P (a) functions resulting from these least-square estimates are also presented
in Figure 7. ‘

lpEor the same error rate e at every ‘asc a, and n the observed.number of ls-year-old
starters at each age a, the true number of ‘18-year-olcf starters, n.‘. isn/ (1+e). This leaves
the age distribution unchanged at, -

' n, n* na/(1+e)
(a) = 5o = 25 =
Bla) % In, §“: In [(l+e)

and the career-length estimates are not affected when the error rates are uniform at every age.

L e .
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j 2.5 ADJUSI'Mi:‘.NT FOR STABLE RECRUITMENT AND DROPOUT OVER TIME
In the last adjustment 1o the arrestee variable, the number of arrestees per capita

1.0 T*“'"{"? : ! (generated -in section 2.3) was multiplied by P(a) (derived in section 2.4) to eliminate late
1 ; | Least Squarcs : " entrants to criminal careers. Using this adjusted variable 1o reflect the age distribution of
9 : g Observed Fit arrestees in a year, dropout rates (r{a)), mean residual career lengths (r(a)), and mean total

| ':‘ ! : : gg :& i: f — j career lmgm (T) can be estimated from equations (A4), (A8), and (A9) in Appendix A.

. wo be=25000 —— " . . . '

"oy - O4Ox ) i In accord with the life~tabie procedures, we would like to be able 10 use the age
. "o Poo = -491e (R” = ,64) s distribution of arrestees in a single vear t to estimate the career-length variables. This requires
ad (I Pps = .631e" - 036x ®? = .71 stable recruitment and dropout processcs over the different cohorts. When estimating career-
] 2.‘ b - 669e"°32x 9 length parameters using data from & single year t, the adjusted numbers of arrestees per capita
. v '{\,_‘ 25 (R™ = .73 ‘ each age, N(a.1), zctually come from different cohorts; those who are age a in year t began
% ~ Xx®a-b s their careers at age 18 in year t-(a-i8). Thus the final adjusiment to the number of arrestees
9 \-. BN\ j must account for any changes in recruitment among these different cohorts. Failure to adjust
P, (2)5 = N(a,7)) for growth (or decline) in recruitment across different cohorts will result in biased
d estimates of the career-length parameters. When there is growth in recruitment, for example.
o - the dropout rate will be overestimated and career length will be underestimated because of the

greater representation in year t of younger people from more recent cohorts.

If ali offenders begin their adult careers at age 18. then the ratio N(18,1+1)/N(18,1) =
k(18) for k (18)>1 is a measure of growth (or decline if k (18)<1) in recruitment between t and
t+*1. A value of unity for this ratio imdicates stable recruitment rates from year to year. In
Appendix E, the recruitment ratio kl(a) is examined separately for each age 18, 19 and 20 over
the period 1970 to 1976. This analysis provided no evidence of any systematic time trend in
the k(3) ratio, and the mean of k(a) is never significantly different from the stable value of
unity. The recruitment rat¢ appears to have been reasonably stable, at least over the seven

years, 1970 to 1976. Thus, the analysis of criminal-career length using the annual age
. MARERSARAAFARA A o s s . | distribution of arrestees will not be adjusted for changes in recruitment Since recruitment
patterns for the earlier cohorts (those who began their careers before 1970) could not be
explicitly examined with the available data, however, they may possibly have had different
recruitment rates; any potential bias this might introduce in the career-length estimates will be
considered in section 4.2,

Age -~ a

Figure 7 -

Proportion of 1973 Index Arrestees at
Each Age g With an Index Arrest Before

Aside from stable recruitment, the use of a single year's data to estimrte career-length
Threshold Age b (b = 20, 23, 25 )

variables also requires stable dropout over time. If the dropout rate is increasing for more
recent cohorts, then the number of arrestees age a in year t is likely to overestimate the
expected number of arrestees who would reach age 8 under the higher dropout rate prevailing

e 3 s
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in year t. The dropout rates estimated from\a single year‘s‘data. then would underestimate the
true dropout rate prevailing in year t. The extent of this bias will be explicitly considered in
section 3 by examining the stabjlity of the career-length estimates derived for each year 1970
to 1976.

2.6 SMOOTHING THE DATA

All the career-length variables depend heavily on point estimates of the proportion of
arresiees at different ages, g(a), and also on differences beiween g(a) at adjacent ages (g'(a) =
g(a)-g(a+1)). Sampling error generates variance in the g(a) estimates distributed around the true
g(a) distribution. While this error may be small and acceptable with respect 10 the g(a) values,
the error in the estimates of g'(a) is much more sensitive 10 those sampling errors, and so is
more severe. Since the estimates of dropout rates are highly sensitive to the differences
between g(a), even rzasonable errors in g(a) can lead to sizeable errors in the estimates of
g'(a), and hence iz the estimated dropout rates, Ta) = -g'(a)/g(a) (as derived in Appendix A).

This problem can be reduced by first smoothing the observed £(a) distribution to reduce
the size of the errors around the true g(a). Figure 8 presenis the observed gla) for index
arrestees per population for one year in Washingion, D.C., and the smoothed §(a) obtained by
taking the average value of £(a) for the three-point neighborhood around £{a).>*To further
reduce the impact of the errors remaining in the smoothed §(a), g'{a) is estimated by the slope
of the regression line fii through the smoothed g(a) in the k-point’ neighborhood arcund 22
(for k = 3, 5 7,9, 11

2.7 SENSITIVITY OF THE CAREER-LENGTH ESTIMATES TO THE VARIOLS
ADJUSTMENTS TO THE DATA.

The primary data for this career-lenigth analysis were the annual police reports of the
number of index arrests by age in Washington. D.C. This arrest data underwent a number of
transformations to yield an arrestee distribution that satisfies the assumptions underlying the
basic life-table approach. The sensitivity of the estimates of the career~jength variables to
each of the various adjustments discussed above was explored by estimating career length from
the age distribution oblained after each adjustment to the data. Table 2 compares the resulting

23(a) = ay2 g(x)/B Using a larger neighborhood around g(a) will result in a still smoother
gla) dxstr’%u ion. A three-point neighborhood was chosen 1o get some smoothmg while
maintaining a substantial influence of the observed g(a) value on the smoothed gla) value.
Other possibie transformations of the data might include:

a2 . ~
z ) g(x)/6 + g(a)/6, a five-poini smoothing with a double weight for g(a) itself.
AMG -
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mean total career-length estimates (T) and Figure 9 presents the different estimates of the
mean residual career length at each age, »(a)*

After all the corrections are made, the mean total index career of those with a first
index arrest between ages 18 and 20 is estimated to be 5.6 years long (Table 2). This is

considerably shorter than the 10 to 15 year career length estimated by Shinnar and Shinnar

(1975) and Blumstein and Greene (1978), but close the crude estimate in Greenberg (1975).

As is evident in Figure 9, the vesidual carcer-length estimaies at younger -3ss are most
sensitive to the corrections. Beyond age 50, on the other hand, there is very little difference
between the alternative estimates. -The major changes in the career-length estimates result from
the population correction and the elimination of late-starters. The transformation of arrests to
arrestees has relatively less impact on the career-length estimates. Indeed, using the original
arrest daia (with no adjustments) insiead of the transformed arrestee data would underestimate
the career length by about 15% (Table 2).

In going from arrests to arresiees, there are more multiple arrests per arrestee, as well as
more multiple index crime types per arrestez al younger ages.® These adjustments thus remove
disproportionatiey more offenders at younger ages in the age distribution. thus driving the
career-length estimates up somewhat. The population correction adjusts for the greater number
of younger people in the general population and drives the career-length estimates even higher.
Also after the population correction, the peak of the mean residual career length in Figure 9
appears (0 be at age 28 (or after ten years into the career) insiead of age 40 (or twenty=-two
years into the career).

The late-starter correction eliminates people who do not start adult index careers until
after 2ge 18. This removes many older arrestees, especially older first-time arrestees, who
would otherwise have been treated as if their careers started at age 18. This drives the
career-length estimates down, especially for the youngest ages. The more restrictive the
definition of the population treated as 18-year-old starters, the greater the decrease in the
carcer~length estimates. Excluding people with a first index arrest after age 20 (b = 20) results
in a shorter career~length estimate (T = 5.6 years) than excluding only those with a first index
artest after age 25, b = 25 (T = 9.4 years),

Failure to adjust for the disproportionate numbers of young people in the population

The age distributions, g(a), underlying all estimates in Table 2 and Figure 9 are smoothed
by averaging over the three-point neighborhood around each g(a).
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Table 2

Impact of Various Adjustments on
Estimates of the Mean Total Career Length - T

‘starters only

Arrestees/Population,
18-20 year old

Estimated
Estimating Mean Total Percentage Change
Ad justment Population Career Length T| Between Estimates
(Years) 1_===%
W
1. None Distribution of 9.6 =
Index Arrests
- +6.2%
2. Conversion Age Distribution of 10.3 -
of Arrests Index Arrestees .
to Arrestees| (with multiple +15.5%
(Arrestee to| counting) .
Arrest Ratio) +8.7%
(Multiple Age Distribution of 11.2 7
Crime Type | Unique Index Arres-. +25.9%
Ratio) tees
3. Changes in Age Distribution of 14.1 - = -
Base Arrestees/Population
Population
4, Eliminating -33.3%
Late Starteryg
—
b = 25 Age Distribution of 9.4 -41.87%
Arrestees/Population,
18-25 year old
starters only
b = 23 Age Distribution of 8.2 -
Arrestees/Population, -60. 3%
18-23 year old :
starters only
b = 20 Age Distribution of 5.6 -
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seriously underestimates the career length, while failure to adjust for late-stariers seriously
overestimates the career lengih, especially &t younger ages.

3.0 VARIABILITY IN CAREER-LENGTH ESTIMATES FROM ANNUAL DATA

Seven years of data (1970 to 1976) were used to generate separate career-length estimates.
These multiple estimates provide an opportunity to explore the general level of variability in
the estimates, as well as any time trends in career length. Figure 10 illustrates the variability
in the residual career-length estimates for 18 to 20 year old starters (b = 20). In the figure,
thie mean estimate from the seven years is surrounded by a band representing 1 standard
deviation in the separate estimates. The estimates are spread fairly tightly about the mean with
an average coefficient of variation (s.d./mean) in the estimated residual career length of 8.1%.
The largest coefficient of variation in residual career length is found &t ages 46 to 49 where it
ranges from 13.1 to 17.5% The mean total index career length of 5.6 years has a standard
deviation of .58 years for a coefficient of variation of 9.5%. In view of the narrow range of

variability over time, only the seven-year average of the estimates will be reported in the
remaining career-length analysis.?*

The estimater for individual years were also used to explore any time trends in career
length over time. With the general increase in crime rates experienced over the iS&0'c and
1970’s, one might expect to find that offenders who started careers more recently (i.e., those
from later cohorts) have more enduring criminal careers. This would be reflected by a
positive time trend in the career-length estimates. To test for the presence of such trends, the
mezn residual career-length estimates for each year t, r ‘(a). were analyzed for time trends for
each age separately.”® As indicated in Appendix J, the » (@) are generally stable over time with
no detectable monotonic increases or decreases in career length between 1970 and 1976. The

one clear exception to this pattern is a decline in mean residual career length with time for
ages 25 to 29.

Arrestees of ages 25 to 29 in 1970 to 1976 come from cohorts of offenders who began
their adult criminal careers in the decade of the 1960's (reaching age 18 between 1959 and

#In all cases, separate analyses for each of the seven years mirrored the results obtained
based on the seven-year average of the number of srrestess per population at each age. Only
the results based on the seven-year average of the age distribution are presented.

**Simple regressions with r(a) = a + At + ¢ for each age a were used to assess the
presence of any linear time trends (reflected in the magnitude of B)) in the mean residual
career length over the period 1970 to 1976,
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1969), a period of substantial increases in the index crime rate (crimes/population).?® The
decline in career length for these offenders is thus somewhst surprising. This period of
decline in career length, however, also corresponds precisely 1o ages with a significant increase
in the number of arresiees per population between 1970 and 1976 (Appendix J). The increases
in the number of arresiees at ages 25 to 29 without corresponding increases over time at older
ages as well, increases the portion of the age distribution found at ages 25 to 29 relative to the
portion found at older ages in each subsequent year. This increasing differential in the age
distribution between arrestess ages 25 to 29 and those of older ages results in increases in the
dropout rate over time and decreases in the associated residual carcer length estimated for ages
25 to 29. The changes over time in career length observed for ages 25 to 29 are consistent
with the observed increases in the number of arrestees for these ages.

There is thus evidence that the decade of the 1960°s was a period of change in criminal
involvement. The number of arrestees ages 25 to 29 in our data, representing cohorts of
offenders beginning their adult careers in the 1960's increases significantly between 1970 and
1976, The increase in arrestees of these ages could be due to inceases in recruitment to
criminal careers during this decade, or to decreases in dropout from criminal careers for those
offenders entering careers in the sixties. The implications of this brief period of possible non-
siationarity for the estimates of the career-iength variables over age will be discussed in section
4.2,

4.0 VARIATIONS IN CAREER-LENGTH VARIABLES WITH TIME ALREADY
ELAPSED IN A CAREER

Both from a substantive and a policy perspective, a key question about criminal careers is
the degree to which residual career length, r(x), depends on time already elapsed in a career
(x). If all offenders had the same total career length, T, then r(x) would be T=x, and so

would decrease with x. If, however, career length varies among offenders and the short-career

erenders drop out at earlv ages, leaving behind the more seriously commitied offenders, then
»(x) could well increase with x.

The variation in r(x) with x permits the identification of those ages (or durations in a
career) when the expected remaining career is increasing and other ages when it is decreasing.
Any intermediate ages when r(x) is at a maximum would be prime occasions for intervention
for reasons of incapacitation.

%The index crime rate increased an average of 7.8% per year between 1960 and 1969,
compared to an average annual increase of 4.3% between 1970 and 1975 (FBI, 1976).
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For those offenders whose adult index careers siart at age 18 {2 = 18), lime already in a
career (x) is obiained directly from age (a) with x = &-2. Figure 11 presents the estimated
dropout rate from index carecrs at each age (duration) for those with a first adult index arrest
between ages 18 and 20. The dropout rate exhibits a pattern common to life expectancies of
human populations and many mechanical sysiems, namely a period of "break-in" with high
failure sates at early ages, followed by a period of relative siability, leading finally to a period
of more rapid "wear-outL.”

Figure 12 displays the mean residual career length associaled with these dropout rates. As
dropout rates decrease in the early years of a career, the mean residual career, or the expected
lime remaining in & career, increases in length. This is foliowed by a period of relatively
stable residual career lengths  Finally, during the period of increasing dropout rates, the
expecied time remaining in careers gets shorter.

During the first period. the dropoul rate r(af decreases and the mean residual career-
length r(a) increases with increasing time in a career. As those with short careers and high
dropout rates drop out early in index careers, the remaining offender population is increasingly
left with more hard-core, commitied offenders - those with longer average index careers. The
weeding out process continues until about age 30, or 12 years after the start of adult index
careers.

During period Il (approximately ages 30 to 42), the dropout rate and mean residual career
length are more stable. During that period, the dropout rate is at a minimum, and the
expected time remaining in the career is longest at about ten additional years, regardiess of the
prior duration of careers. Whether one has 12 years already in a career or 24 years, the
expected time remaining in index criminal careers is about the same.

After age 42, the “wear-out” process begins the dropout rate increases and the mean
residual career-length decreases with increasing time in the career. This increasing rate of
dropout from index careers during this period may be associated with aging and particularly
decreases in the vigor and stamina necessary for sustaining index crimes. To some extent,
mortality may account for a portion of this growing dropout rate, especially if index offenders
are found to have much higher mortality rates compared to the general population.

From the perspective of crime control policy, those sdult index offenders who started
index careers at age 18 and who continue to be criminally active between the ages of 30 and
42 are seen 1o be the most persisient offenders, and so represent a prime target group for
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incapacitation.  Sanctions imposed earlier or later in index careers are more likely to be
applied to offenders who will discontinue criminal activity shortly anyway.

4.1 MODELING CRIMINAL CAREER LENGTH

The form of the dropout rate in Figure 11 suggests that career length can be modeled as
a three piece function with exponentially decreasing dropout rates in the first period, constant
dropout rates in the second, and exponentially increasing dropout rates in the last period.
ble.lx, 0<x<x
T(x) = 4 b, » X SX <X for x = a - a_ (1)
(‘b3e'3x, x, £ x < MAX

Using the relation between r(x) and g(x) in eq. (A4), the age distribution g(x) associated with
this three-piece dropout rate is derived in Appendix F. The resulting distribution is:
ax a x
exp(-blllle 1"+ bl',.le 171 - ble), 0<=x<x
g(x) = 4 exp(~b,X) o . » X, SXZ X (2)
exp(-by/a,e"3™ + b /a1e"372 - box,), x, < x < MAX

The values of cocfficients a, and b(i =1 2 3) in eq. (1) are estimated by regression through
the observed r(x) data points.’’ The normalization factor,®® K, is then estimated by numerical
integration with:

K =1 /[.[‘"1 exp(-blfale'lx + bl/ale‘1"1 - b, )dx + ﬁ:z exp(-b,x)dx
0 e |
a.xX aA.X
+ J‘fz"‘exp( by/age™3" + by/a,e32 - b x,)dx

Having estimates of the parameters, a, b(i = 1, 2, 3) and K, the predicted values of g(x)
and 1-G(x) can be numerically evaluated for all values of x using eq (2. These quantities can
then be used in egs. (A6) and (A8) to yield the predicted mean residual career length r(x),
associated with the r{x) function in eq. (1). Figure 13 presents the estimated regression lines

Y1n estimating a, and b, from the observed r(x), we do not require continuity of ‘the r(x)
function. For the exponentially changing r(x) in periods 1 and 3, the estimating equation is
Lo(r(x)) = Lnb + ax (i = 13), while for constant r(x), &, = 0 and b, is the mean value of
1(x) over the interval x to x,. The associated g(x) function is, however, constrained to be
continuous through the addition of the appropriate constants in cach segment of the g(x)
function.

3The factor K normalizes the predicted values of g(x) to sum to 1, thus assuring that g(x) is
a proper probability dezsity function.
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through r(x),>® and the resulting parameter estimates for those arrestees most likely 1o have
started their index careers at age 18 (i.e, those with an index arrest between ages 18 and 20, b
= 20). As indicated in Figure 14, the resulting predicted mean residual career length is a good
fit to the estimate from the arrest observations.

Similar three-period models of the dropout rate were estimated for those arrestees with a
first adult index arrest between ages 21 and 23 (ao = 21) and those first arrested between ages
24 and 25 (a, = 24). The fits between the mean residual career lengths estimated from the
observed age distribution and those from the model of dropout rates for these different
starting ages are presented in Figures 15 and 16. Regardless of the starting age. adult index
careers appear to be modeled reasonably well by a “break~-in" period with exponentially
decreasing dropout rates, followed by a period of relatively stable dropout rate, followed
finally by & "wear-out” period with exponentially increasing dropout rates.

4.2 FACTORS POTENTIALLY AFFECTING RESIDUAL__CAREER LENGTH
ESTIMATES.

All of the analysis so far has assumed that the probability of at least one arrest in a year
is stable for offenders of different ages. It is important that arrest probabilities be stable
with age to assure that the arrestees are a3 representative sample of all active offenders, at least
with respect to age. ‘There are, however, several factors that might introduce age variations
into this arrest probability. These include:

1. A cohont effect where, for example, more recent cohorts of offenders might have
higher arrest rates resulting in the younger arrestees in a single year's cross-section
having higher arrest probabilities;

2. Age bias in apprehension where younger, less skillful offenders might be more likely
to be arrested, or where older offenders might be better known to the police, and
so more vulnerable to arrest; and

3. Differences in time served by age - the greater the time served, the less time the
offender is available to generate an arrest in 3 year.

Such age variations in the likelihood of an arrest for offenders could distort the career—
length estimates; higher arrest probabilities for some ages increase the representation of these
ages among arrestees beyond their representation among active offenders. A higher arrest
probability for younger offenders, for example, overstates the relative portion of young ages
found among arrestees, and yields overestimates of the dropout rate and underestimates of the
residual career length,

*In both Figures 11 and 13, the dropout rate r(x) is presented on a semi-log scale on which
exponential functions appear as straight lines.
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Figure 17 presents one possible patiern of age variations in the probability of at least one

arrest in a year for offenders. It reflects a general decline in the arrest probability with age.

Between ages 18 and 30, the arrest probability decreases at an increasing rate with age. This
period of rapid decline results from two faciors.’® First, time served decreases from age 18 and

then increases again reaching another peak at age 30. Additionally, it reflects a cohort effect

of increasing arrest probabilities for younger ages that is more pronounced for those children
of the post-World War II baby boom who reached adulthood in the late 1960's and were in
their twenties in 1973. The increasing time served for offenders in their late twenties and the
more dramatic post-war cohort effect for these same offenders combine to yield the especially
rapid decline in arrest probability from about age 23 to age 30 proposed in Figure 17.

The impact on career-length estimates of age variation in the arrest probability like that
proposed in Figure 17 is considered in detail in Appendix . Failure to adjust the age
distribution of arrestees for age variations like those found in Figure 17 would result in
underestimates of the mean residual career length, with the actual residual career length having
even sharper increases and decreases with age in periods I and III than are currently estimated.
5.0 VARIATIONS IN CAREER LENGTH WITH AGE AT THE START OF ADULT
CRIMINAL CAREERS

Previous research has explored the degree to which age at the start of criminal careers
affects the level of future criminal activity.’ Using the proportion of offenders who recidivate
by some time t, it has been observed generally that the younger an offender at the the “"start”
of a career (typically indicated by age at first arrest, first conviction, or first commitment to
an institution as a juvenile), the more likely the offender is to recidivate. This might be an
indication of a greater propensity to commit crime among those who start young, or the

possibility that starting crime when’ young generates continued criminality by some form of
labeling effect that reduces the availability of legitimate options to the offender.

The time to recidivism underlying the outcome measure in these studies is affected by
both career length (time to dropout) and the rate at which active offenders commit crimes.
Thus, younger starters might have higher recidivism probabilities by time t because: (1) they
have longer careers and so are less likely to have dropped out of criminal activity by time t
and/or (2) they commit crimes at a higher rate than older starters and so are more likely to

The factors influencing Figure 17 are elaborated in greater detail in Appendix G.

YSee, for example, Glueck and Glueck (1937 and 1940), Sellin (1958), Presidents's Commission
(1967), Mulvihill, et al. (1969) and Hoifman and Beck (1974).
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have a recidivist event by time t The analysis of career length reporied here provides an
opportunity to isolate the relative impact of career length on the higher recidivism rates of
younger starters.

The previous findings of the impact of age at the start of a career on future criminal
activity have also typically cited the role of first criminal involvement as a juvenile. The
current analysis of adult careers' provides an opportunity to assess the degree to which the

finding of greater involvement for younger juvenile starters also applies to younger adult
starters.

Using estimates of the age at a first adult index arrest as an indicator of the start of
adult index careers, the arrestees in Washington, D.C. were separated into those starting at age
18 (i.e., having their first adult index arrest between ages 18 and 20}, those starting ai age 21
(i.e.. having their first adult index arrest between ages 21 and 23), and those starting ai age 24
(i.e.. having their first adult index arrest at ages 24 or 25).°° Table 3 reports the distribution,
of arrestees over these starting-age groups. Almost half of the adult arrestees have a first
adult index arrest between -ages 18 and 20, but almost one-third do not begin their adull index
careers until afier age 25.

The mean total career length for different starting ages is also reported ip Table 3. Total
career length does vary with starting age and is consistent with the previous results on
recidivism probability; younger starters tend to have longer careers (Table 3). Mean total index
careers range from about three years for 24-year-old starters to over f{ive years for 18-vear-
old starters.

The predicted mean residual career lengths for each starting age are presented in Figure
18. During the first few years of the career, younger starters are found to have longer
remaining careers (Figure 18). While the results in the early years of careers are consistent
with the general finding in recidivism research (i.e., early starters have longer careers), the
pattern is reversed for those offenders who attain longer careers. For offenders with more
than seven years already elapsed in index careers, older starters have longer remaining careers.

This reversal in the direction of the relationship is unexpected and without any immediate
behavorial interpretation. One possible explanation is differences in the crime-type mix of

>To get the number of 18-year-old starters among arrestees at each age, the product
n{a)P, (a) was used; 21-year-old stariers were obtained from n(a)(P,(a) - P, (a)) and 24~year-
old starters from n(a)(P,(a) - P, (a)). .
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different starting cohorts. Older starters may engage predominantly in those index crime types
characterized by longer carzers. In this event, if crime type were controlled, we might expect
1o find a consistent pattern of residual career length over different starting ages. This issue 1s
explored in the next section.

6.0 VARIATIONS IN CAREER LENGTH BY CRIME TYPE

Significant differences in age have been observed among arrestees for different index
crime types (Figure 19). The most dramatic differences are between robbery and aggravated
assault, with robbery arresiees being younger, and those arresied for aggravated assault generally
older. These age differences could have profound implications for the career lengths associated
with different crime types.® A predominance of young people in the age distribution for a
crime type means that carzers for that crime type are likely to be shorl, while a greater
presence of older people suggesis longer career lengths. Arrestees for different crime types,
however, also differ in the age of their first adult index arrest, with robbery arresiess being
the youngest when first arrested, and aggravaled assault arrestees being the oldest. These
differences in age at first arrest might fully account for the differences in the age distribution
for different crime types with older arrestees also starting their careers much later. In this
event, there might be no real difference in the time actually elapsed in careers for different
aged offenders. Thus, when proper controls for age at the start of career are used. there
might be no difference in career length for different type crime types.

The Washington, D.C. data were used to examine career length for each of the index
offenses separately. The age distribution of arrestees per population for each crime type
(except larceny) are available from the analysis in Section 2.1.>* The resulting age distributions.

‘

*In this crime-specific analysis of career length, the resulting career length by crime type
refers 1o the average periof during which offenders engage in a particular crime type. The
full index career length for offenders will, in general, be longer than the length for any one
index crime type as offenders swiich among the different crime types. The career length for
robbery, then. refers to the average period duting which robberies occur, and not to the total
career length of individuals who ever commil robberies.

MLarceny is excluded from the crime-specific analysis because the arrest history sample that
is the basis for estimating the arrestees from arrests and the late starter correction (P) does
not include data on all larceny arrestees, Only those larceny arrestees with an additionaf arrest
for some other index crime in 1973 are included in the dawa, and they may not be
representative of larceny arresiees in general.
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g(a), by crime type are presented in Figure 19,%* where the greater reprmpxation of younger
arrestees for the property crimes of robbery, burglary and auto theft, and the higher
proportion of older arrestees for murder and aggravaled assault are apparent

To estimate the career~length variables, laie-starter adjustments were estimated separately
for the arrestees in each crime type using the 1973 arrestee data. The resulting proportions of
arrestees for each crime type who had a first aduit arrest for any index offense before
threshold age b (b = 20, 23 and 25) are presented in Appendix H. Some differences in the
starting age are found for different types of offenders. In particular, property offenders
(robbery, burglary and auto theft) are more likely than violent offenders (murder. rape and
aggravated assault).to begin their adult criminal careers at younger ages.

The Ttesulling mean residual career lengths for each crime type for 18-year-old starters
are presented in Figures 20 1o 22. Three distinct career-length patterns are evident among the
crime types.’® For the property crimes of burglary, auto theft and robbery, caieer length is
characterized by an early "break-in" period, a period of relative stability, and a "wear-out"
period, as was observed for all index offenses combined (Figure 20). In contrast, for the
violent crimes of murder and rape there is no "break-in" period: careers start out at a stable
level, followed by declines in length at older ages (Figure 21). For aggravated assaull, residual
careers increase sharply to a peak in the first few years of the carezr and then steadily decline
with age (Figure 22).

Even after controlling for age at the start of careers, significant differences remain among
the crime types. Apggravated assault has the longest career of the index crirmne types with a
mean total career length of 10.3 years for offenders who begin their adult careers at age 18,
Furthermore, offenders who do not drop out of aggravated assault very quickly have extremely

3Because the number of arrestees at any one age for a crime type is often quite small
(N<5), additional data apgregation 'was necessary to estimate g(a) for ages past 35 The
variability in the age distribution at older ages where n(a) often varies from values of 0 to 5
can induce enormous varialion in the estimates of the career-length variables. To minnmze
this variation, the already smoothed age distribution was additionally smoothed past age 35 by
breaking ages into 5~year intervals and assigning the average value of n(a) for the interval to
the midpoint age in that interval,

*Note, the same general career-length patterns were found for different crime types when
the adjusiment for late-starters is based on having an adult arrest for the same crime type
before age threshold b. The resulting residual career lengths., however, do differ in magmtude
and are longer for all crime types except robbery. These differences in magnitude are
relatively small except for murder which doubles in length when having an adult arrest for
murder before age threshold b is used as the first~arrest criterion,
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long assault careers. Eighteen-year-old starters who remain active for at least three years in
aggravated assault careers can be expected to last an average of 18.5 more years in those
careers. Even when older first-time assaulters are eliminated, then, aggravated assaull is the
most enduring crime type. Those offenders who begin index careers at age 18 and who are
arresied for aggravated assault while young can be expected to have long careers of aggravated
assaull arrests. These younger assaulters are thus prime targets for crime control strategies to
reduce aggravated assaull

The property crimes of auto thefi, burglary and robbery have the shoriest mean total
careers, ranging from 4 1o 5 years. However, individuals with very short property crime
careers tend to be weeded out during the early years of thé career. Arrestess for property
crimes who have already been active from 15 to 25 years (ages 33 to 43 for 18-year-old
starters) have the longest expected remaining careers for these crime types. averaging 9.5
additional years. Offendzrs arrested for property crimes during their 30's are thus prime
candidates for strategies to reduce property crimes. Younger and older arrestees for property
crimes are more likely to discontinue offending in these crime types more quickly.

Robbery has traditionally been linked with violent offenses.’” Wkhile robbery is properly
viewed as violent from the perspective of the viclim (because the risk of physical harm is a
salient consideration), this characterization appears to be inappropriate from the perspective of
the offender, for whom instrumental concerns for monetary gain are more salient. A number
of studies have challenged the view that robbery is principally a violent offense. In a review
of literature on robbery, Sagalyn (1971, p. 8) cites a number of studies indicating that violence
is infrequently used in the commission of the offense, especially in cases of armed robbery.
In another study of robberies, Normandeau (1968) is highly critical of the ‘violent"
characterization of robbery, concluding that "robbers...are primarily thieves." The results on
career length certainly support this view;, the career-length pattern for robbery is virtually
identical to the career-length patterns of unambiguous property offenses like burglary and auto
theft

Unlike the residual careers for property crimes which do not reach their maximum until
many years into a career, the violent offenses of murder and rape begin at their maximum
residual career length of 9.6 and 5.9 years, respectively, and remain there for about 25 years

A S

*See, for example, Wolfgang and Ferracuti (1967), Mulvihill, et al (1969), Elliot and Ageton
(1980), and the FBI's annual Uniform Crime Report, which has included robbery in the violent
- index rate since 1968.
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(to age 43 for 18-year-old starters). During this long period of stability, knowledge of the
past career length provides little information in estimating expected future career lengths in
these violent offenses. A violent offender beginning a career at age 18 is just as likely 1o
discontinue violent offenses within the next year as is an offender with 25 years already in the
career. The expecled remaining career begins to decline with age only after about 25 years
already in a career.

When the crime~type-specific mean total career length is compared over the different
starting ages (in Table 4), a consistent pattern for each crime type emerges. Older starters
have shorter total careers. There are aiso sharp differences in the incidence of early starling
for different crime types. Arrestees for the property crimes (robbery, burglary and auto theft)
are predominantly early starters, ranging from 53% of burglary arrestees to 66% of robbery
arrestees starting their careers with an index arrest between the ages of 18 and 20 (Table 4).
This contrasts with the violent crimes. especially aggravated assault, where only 27% of
aggravated assault arrestees start their adult careers between ages 18 and 20.

The differences in career length for different crime types should affect the patiern of
crime-type switching between arrests as careers progress. To th2 extent that aggravated assault
15 a more enduring offense that iS committed over longer periods of time during criminal

careers, one would expect to observe more switching into aggravaied assault as careers get
longer.

To examine the crime-type switching patlerns between arrests in a career, the arrest
histories for the 1973 arrestees in Washington, D.C. were used. Transition probabilities between
crime types were estimated for all adjacent pairs of arrests from these arrest histories where P,
is the probability of switching to an arrest for crime type j after an arrest for crime type i.**
The impact of longer careers was assessed by partitioning the arrest pairs by the length of time
between the first adult arrest in the career and the second arrest in each arrest pair. The
resulting transition probabilities are summarized in Table 5. As would be expected from the
differences in career length for different crime types, as careers get longer. there is an
increasing concentration in aggravated assault and decreasing activity in robbery and burglary,

When comparing residual career lengths for all index offenses combined, among those
remaining active for at least seven years, older starters were found to have longer remaining

f'Tg avoid the potential biases in crime type switches resulting from the crime-type mix of
criterion arrests in the sampling year 1973, only those arrests before the sampling year are
included in this analysis.
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Assault (100%)] 10.3 26 . R7% R.0 16,97 4.1 8.7%
Robbery (100%) 4.9 66,47 1.8 16.77% 3.1 6.1%
Burglary (1002)] 4.6 53.27% 3.9 17.47% 2.7 6.47%
Auto Theft (1002)] 3.9 S8.1% 3.0 18.R% 2.6 6.0%

s
Fircst adult fndex

e
First adult Index

Yy
Firat aiult tndex

arrest hetween ages 18 and 20

arrest hetween apes 21 and 23

arrest at apes 24 or 29
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Table 5

Variations in Crime-Type Switching Between
Adjacent Arrests as Criminal Careers Get Longer

Crime Type Prior Career . Crime Type
of Origin Length at Transition Probabilities Distribution
in Arrest Pairs Time of Tramsition To To To for Origin in

(Years) Piagonal Assault  Robbery Burglary Arrest Pairs
>3 to 10 .256 .121 - .065 10,17
> 10 143 .152 - .063 5.7%
Total .292 .120 - .075 10.4%
Burglary <3 .319 .063 114 - 12.1%
>3 to 10 .283 .085 074 - 10.5%
__>10 .237 =126 .026 - 9.9%
Total .289 .084 .081 - 11.0%
Anpravated
>3 to 10 +290 - .078 063 13.47%
> 10 =351 - 2063 043 16.17
Total «306 - 077 .057 12.82%
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izing
Distribution of Crime Types Character a
Index Arrestees by Age at Start of Adult Index Career
a

e presents the proportion 6? index arrestees in an
giegg‘gmpperiod who a}:'e arrested for each index crime typel'
during that period. The different crime types are not mutually
exclusive., The same arrestee may be arrested for more than one
index crime type during the observaticn period and is counted
in each of those crime types in this figure,
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careers (as was seen in Fig. 18). It was suggested in Section 5 that this pattern might be due

to different crime type mixes among the different starting-age cohorts.
offenders starting at older ages may be more likely to have arresis for violent crime types
which, as we have just seen, are characterized by longer careers.

This would drive up the
index career-length estimates for those older starters.

As indicated in Figure 23, offenders

with arrests for violent crimes are increasingly represented among index arrestess as the starting

age increases.

This difference in crime-type mix for uifferent starting ages, however, does not account
for the difference in residual career length observed for total index careers in Figure 18.
While not displayed here, when estimated separately for different starting ages. the career

lengths for individual index crime types were generally found to exhibit a pattern similar o

that found for index careers combined. In particular. for murder, rape, aggravated assault and

robbery, older starters who remain active at least seven years tend to have longer remaining

careers. It is only in careers for burglary and auto theft that vounger starters tend to have
longer remaining careers throughout these careers.

The finding that older starters have longer careers among those who remain active at least
seven years is produced by differences in the disiribution of career lengths within each
starting-age group. Younger starters have the longest total careers, as is evident in Figure 24
where younger starters have a greater proportion with careers at least x years long (I-F(x)).*
As seen in rows 2 and 3 of Table 6, after eliminating those with short careers in each
starting-age group, however, a higher proportion of the remaining older starters have loing
careers. This drives up the residual career length for these older starters who are still active.
Thus, the longest average total careers are found among younger starters because older starters
tend to have large numbers of offenders with very short careers.

Once those offenders with
short careers are eliminated, however,

the older starters who remain active have greater
proportions of offenders with long careers than do persistent youngetr starters.

.

The mean residual career length can be modeled separately for each crime type. As was
done for all index offenses combined in section 4, a model is first developed for the dropout
rate; the mean residual career length is then estimated from that model. The mean residual
career lengths estimated from the age distribution and those fit by models for each crime type

[}

The proportion of offenders with careers at least x yezrs long is given by 1-F(x) = g(x)T.

This is estimated here using the observed age distribution of arrestees g(X) and the estimate of
total career length, T, for different starting ages.

In particular, )
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1. Proportion of arrestees who last

% at least 5 years given they last
i at least 1 year:

| 1-F(5)
| 1-F (1) 34.5%  26.9%  12.2%

! 2. Proportion of arrestees who last
at least 15 years given they last
at least 5 years:

1-F(15)
1-F(5) 29.2% 37.7% 60.2%

Proportion of Offenders With Careers

at Least x Years Long -

3, Proportion of arrestees who last
at least 25 years given they last
at least 15 years:

. 1’?!25!
1-F(15) : 47.0% 48.1% 55.7%

4, Proportion of arrestees who last
at least 35 years given they last
at least 25 years:

R e S ye . oy v 1-F(35)
5 10 15 20 25 30 35 40 45 ; 1-7(25) 45.1%  47.5%  45.2%

Years Already in a Career (x = a - a;)

Figure 24
. The proportion of arrestees with careers at least x years long
Distribution of Arrestees With Index 48 given by 1l-F(x) = g(x)T in eq. (Al). This is estimated here
Careers at Least x Years Long (1-F(x))? for f . using the observed age distribution of arrestees, g(x), and the
Different Starting Ages - : estimates of total career length, T, for different atarting ages,

# The proportion of offenders with careers at least x years
long 48 given by 1-F(x) = g(x)T in eq.(AD. This is estimated
from the observed age distribution of arrestees g(a) and the
estimatee of total career’ length, T, for different starting ages.
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are presented in Figures 25 to 27. All modeis are special cases of the general model used
earlier in which the dropout rate first decreases’ exponentially, then stabilizes at a constam
value and is finally folloned by a period of exponentially increasing dropout rates. As seen in
Figure 25, the property crimes of burglary, auto thefi and robbery fellow the basic model very
closely. Figure 26 presents the results for the violent offenses of murder and rape where the
middle period of a constant dropout rate is extended over the entix:e career in the underlying
model. For aggravated assault, there is no middle period of stable dropout. instead the
dropout rate first decreases exponentially and then increases exponentially (Figure 27). These
models do reasonably well in representing the mean residual career length for each crime type.

7.0 CONCLUSIONS

A number of distinctive features of adult index criminal careers have been suggesied by
this analysis of arrest data for Washington. D.C.  First, adult criminal careers for index
offenses tend 1o start early, with 44% of adull index arrestees having had at least one arrest
for an index offense when they were between the ages of 18 and 20 (Table 3). The extent of
early starting also varies somewhat for different crime types. [Early starting is especially
prevalent among arrestees for property crimes (robbery, burglary and auto theft) where 54% of
burglary arrestees and 66% of robbery arrestees staried their careers with an index arrest

between the ages of 18 and 20 (Table 4). Thk's contrzsts with only 27% of aggravated-assatlt
arrestees starting their careers between 18 and 20.

Total adult index careers are also quile shori, averaging from only 3.3 years for 24-year-
old starters up to 5.6 years for 1B-year-old starters (Table 3). Careers are similarly short for
individual crime types. Property crimes have the shortesi careers averaging only 4 to 5 years
for auto theft, burglary and robbery among 18-year-old starters (Table 4). The longest careers

are found for murder and aggravated assault which average 10 years among 18-year-old
starters,

Residual index careers, or the expecled lime remaining in careers, vary considerably with
the time already elapsed in a career (Figure 12). Early in index careers the expected time
remaining in 2 career increases as past duration in a career increases. This reflects a weeding
out of offenders with high dropout raies (and short total careers). For those index offenders
who still remain active after about 12 years (or to age 30 for offenders who begin adult
careers at age 18), the expected remaining career reaches a maximum of about 10 more years
in an index career. Residual index careers remain stabie at abtout 10 additional years until age
42, (for 18-year~old starters). During this period of stability, past time spent in careers is of
little help in distinguishing future expected index careers. A thirty-year-old who has been

Expecled Remaining Career Length in Years - 7(a)

67

%—it—x Estimated from Observation
o . Fit by Model (x = a-18)

™ . 2
t(x) = ,5905¢ -1248x r(x) = ,0033e 1122x
Juex) = 1088

- -_i K * ,1404)
’*_m“",,—f (

t
I
|
l
|
1

T T Y T T 1 Y
20 25 30 35 A0 &3 50 53 60
BURGLARY

.1598x%

[]
rex) = 6136 097 r(x) = .1450 r(x) = 0011l
|

l
|
s
|

(X = .0339)

Y 0 3% 4o As %0 ss 60
AUTO THEFT
.o571x | ' -.0280x

r(x) = .3627¢ ri{x) = .1330|r(x) = ,3017e

b (k= .0537)

l
!
|
|
I
|
I
!

Al

5 A0 &

»
(-
»
W
gi
o

Age a
ROBBERY

Figure 25

Mean Residual Career Length
Estimated from Observations and Fit by Model
for Property Crimes
(18-Year-0ld Starters)

——— 3 Wi



68 ( % ' '
- el Petinasted frow ‘ ;
r(x) = .126 Observation ‘ j 69
£ 10 X = .12676) - = = = Fit by Model (x = a-18) |
e ¢ . |
= !
o~ 8
8\-’ - - i
v are 7 - | ‘ .
O § 20 o ‘ Y Estimated from
®wn 6 i Observations
z8 ) 19 1 ‘ — ——— Fit by Model
-~ 5 -~ (x = a~-18)
Es ;, s 18 -
E—‘ 4 = : s‘: ‘
oy : 1
3 = ,04309)
8 E 16 1 | &
.-}
g. 2 N o
K > 15 4 ‘
| 29 - \ 5
16 -
o=
T l Ll e A | Yy v v § ™rey T L a4 ‘v LB S | L 2NN 20NN BN ) l LN '] L &
20 25 30 35 40 45 50 55 60 c 13 4
o
Age - a u 12 -
MURDER §
©
‘g 10 . r(x) = .140 g
] 9 - (K = ,14004) :..5
:? 8 cé
x :
[ ST ] 7 '8
oL B g
Es 6 ]
£ o -
- 2
-4 5 | 7+
£ =
& 4 4
© 4
s 3 3 4
&
X 2 ., 2 7 -.20082x | .04426x \
. r(x)=,3991e ° r(x)=.0201e
1 1 _ l \
v‘ouvvlzlsll!‘ HV|'|1""'1'||J‘V"II V|II'U‘ """"“""".|'l."""|"I,‘,,.,'..w-',
2 0 35 40 45 >0 53 60 20 25 30 a5 40 45 50 S5 60
Age - &
Age - &
RAPE
Figure 26 \ ' Figure 27

Mean Residual Career Length Mean Residual Career Length
Estimated from Observations and Fit by Model Estimated from Observations and Fit by Model
for Violent Crimes

o v for Aggravated Assault
(18-Year-0ld Starters) , (18-Year-0ld Starters)




70

active twelve years since age 18 is just as likely to end his career in the next year as is a
forty-year-old who has been active for 22 years.® After sge 42 index careers enter 2 "wear-
out" period in which the remaining career length gets increasingly shorter with advancing age.

This residual career length pattern for the combined index crimes is reflected in the
patierns for the individual property offenses of burglary, robbery and auto theft As with
index offenses combined. the residual career lengths for these property crimes reach maximums
of from 6 to 8 additional years from 15 to 25 years inlo a career (i.e., between ages 33 and
43 for 18-year-old starters).

Adull career lengths were also compared for different ages at the start of adull careers.
Consistent with previous research on recividism, younger siariers were found 1o be more
persistent offenders: for all index crime types, both separately 2ud when combined, those
offenders who begin adull careers at younger ages have longer total careers. The difference in
career length for different starling ages is generally small for the property crimes (robbery.
burglary and auto theft) and for all index offenses combined, ranging from only a 1.3 year
difference for auto theft to a 2.3 year difference for all index offenses combined. Starting
age has 2 more dramatic impact for murder and aggravated assault where careers for 18-year-
old starters are about 6 years longer than careers for 24-year-old starters (Table 4).

These characterizations of career leneth have implications for incapacitation policies.
From an incapacitative perspective, incarceration is only effective in averting crimes when it is
applied during an actlive career; incarceration afler the career ends is wasted for incapacitation
purposes. The estimates of the expected remaining career as & function of time already elapsed
in a career are particularly useful in identifying those offenders most likely to remamn
criminally active during periods of incarceration.

Under exisling sentencing policies, offenders at the start of adult careers (i.e., al their
first adult conviction) are typically not candidates for incarceration. Based on the analysis of

#0This stability of dropout rates for different durations of careers is characte;istic of the
memorylessness property of exponential distributions where the drogoul taly remains .th: same
regardless of prior history. After controlling for natural population changes resulting ‘from.
births, deaths, and migration and for late entry into criminal careers, the length of adql\ mcl_ex
careers seems to be exponentially distributed only for those index offenders who remain active
at least 12 1o 24 years (ie. from 30 to 42 for 18-year-old starters). This thus fepresents an
jmportant refinement to Shinnar and Shinnar (1975) which assumes an expom_:nual distribution
for the length of .all careers, and to Blumsicin and Greene (1978) where without corrections
for late starters they find an exponentially distributed career length from ages 18 1o 40.

N

residual career lengths, this prevailing policy is consistent with a strategy of targeling
incarceration on offenders when their expected remaining careers are longest. For all index
offenses combined and for the property offenses individually, the offender population at the
start of careers includes large portions of offenders who will end their careers very shortly. It
is only after an offender has remained active for several years (surviving the weeding out
process) that the more hard-core committed offenders with the longest remaining careers are
more easily identified.

Residual careers for index offenses reach a maximum of ten additional years after 12 to
24 years have already elapsed in those careers. The maximum for the property of fenses
separately is 6 to 8§ additional years reached after 15 to 25 years already in a career. For all
index offenses combined and for the property offenses individually, those offenders who
remain active into their thirties thus include the most persistent offenders and so represent a
prime target group for sanctioning. Earlier and later in careers, sanctions will be applied 1o
many offenders who are likely to drop out shortly anyway.

This finding has implications for the design of special career-criminal programs intended
1o target resources of the criminal justice system on offenders with serious prior criminal
records. Because the selection criteria for special career criminal programs typically invelve
extensive past criminal records as_adults, the average age of target populations tends 10 be in
the lzte twenties and sometimes the early thirties.*! Largely informed by the sharp decline with
age in aggregate arrest rates illustrated in Figure 1, many people involved in the
implementation of career c¢riminal programs have expressed concern about the older age of
these target populations because of the presumed greater likelihood that these older offenders
will be dropping out of criminal careers shortly anyway.*’

The findings on career length for index crimes reported here, however, suggest that such
coucern is misplaced. Indeed, for property crimes, including the frequent target offense. of
robbery and burglary, active offenders in their thirties or early forties do represent prime
targets for sanctioning. Offenders who have persisted to that point .have the longest expected

“'For example, in the evaluation of California’s statewide career-criminal prosecution
program, the average age of the career-criminal defendant was 28 in each of three years of
program operation. (Office of Criminal Justice Planning, 1981, p. 81.)

“2This view was expressed by many of the participants at the Special National Workshop on
the Career Criminal held by the National Institute of Law Enforcement and Criminal Justice,

U.S. Department of Justice in September, 1979, and is noted in Office of Criminal Justice
Planning (1981, p. 81).
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remaining careers. The violent offenses of murder and rape are also still at their maximum
remaining careers for offenders in their late twenties and early thirties. Only aggravated
assault, which is rarely a target offense of criminal-career programs" has passsed its peak
remaining career length by the late twenties.

The average remaining career length tends to be quite short for 18-year-old starters. For
all index offenses combined. the maximum is an average of 10 additionz] years. For property
offenses individually, the maximum remaining career averages only 6 10 8 additional years.
The generally short length of these remaining careers .means that reasonable incapacim\ive
impacts are mxﬁ:]c with comparatively short periods of incarceration. Time served in prison
‘on a senlence averages around two years in the United States.** Two-year terms of
incarceration represent from one-fifth to one-third of the maximum expecied remaining careers
for index offenses combined and for property offenses individually. To the exient that these
careers are nol merely postponed by incarceration, reasonably large portions of those careers
san be averted (with minimal risk of wasting incapacitation) by two-year prison terms imposes
during the period of maximum residual careers. " This strategy is particularly attractive because
the payoff in reduced crimes by those offenders who are incarcerated it achieved at 2
reasonable cost in terms of prison resources expended.* Because remaining careers for
apgravaled assault are censiderably longer, short f:rison terms impact a smaller fraction of the
remaining careers for persisters in aggravated assault.

“)In Pennsylvania in 1980, for example, average time served in prison was 2,15 years
(Pennsylvania Bureau ef Corrections, 1981). Persons released 1o parole supervision from state
and federal institutions in the U.S. in 1977 accounted for 67.8% of all releases. These parole
releases had a median time served of 1.43 years and an average time served of about 2.25
years (U.S. Department of Justice, 1980). Since the average time served for unconditional
releases is generally lower than that for parole releases, the average time served for all releases
in 1977 will be somewhat less than 2.25 years. An approximation of this average time served
can be obtained by dividing sdmissions to state and federal prisons into the daily prison

population that year. In 1977 the estimated average lime served is 217 years. (U.S.
Department of Commerce, 1979, Table 332).

“Note that the persisicrs are only a small portion of the toiual offending population, so the
reduction in total crimes committed from incapacitating persisiers may not be large. The
reduction in crimes is reduced further if the crimes of incarcerated offenders occur anyway.
e.z., through recruitment of a replacement for the incarcerated offender of through the
continued activity of multiple-offender groups.
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APPENDIX A
The Mathematical Model Underlying Estimates of the
Duration of Criminal Careers
'I:he general approach to estimating criminal-career length derives directly from the life-
table methods developed in Greene (1977) and Biumstein and Greene (1978). This approach
uses the observed age distribution of arrestees in a year as the basis for estimating time
already elapsed in a career, or the survival time so far in careers. Looking at Figure A-1, the
horizontal lines represent the passage of time with the time between the X's representing the
duration of complete criminal careers. If we enter the process at some random time t, the
heavy solid line is the survival time——or the length of the career elapsed by time L Under
certain well-specified assumptions the distribution of survival times available in a cross-section
can be used to estimate the length of complete careers. In other words, total career length
can be estimated from the distribution of partially completed careers available from the age

distribution of arrestees in a year.*
Al. THE AGE DISTRIBCTION OF ARRESTEES

Under various steady-state conditions, the duration of criminal caresrs for a cohort of
offenders beginning thei i iri
. gi g .hexr careers at a common age, a, in some year y can be empirically
estimated by examining the age distribution of arrestees from different cohorts found in a
single year. To show this we start with the same assumptions of Greene (1977), namely:

1. The average probability of at least one arrest in a es :
: eéar d y v ’
of active offenders: y oes not vary with the age

2 Z‘rl:: size of the ofiender population for each age is constant over different cohorts:

3. All offenders begin their criminal careers at the same age a.
[

When these assumptions are satisfied:

. * ¢ Il ‘ .

number of arrests after exactly x arrests in a Th icati .
: . s career. ¢ applica i
illustrated in Appendix I tion to prior arrests is




15

74
1. Arrestees are representative of all active offenders with respect to age:*

2. All cohorts of offenders are indistinguishable in terms of career lengths;*’ and
length of* time already in a

career (e, x =2a - ao).

In this event the observed age distribution of arresiees in a year, gla-a), is just the
distribution of time already elapsed in a career, g(x). The distribution for time alreacy elapsed
in a career is related to the distribution of total careers, L, as follows:

{
i

!

t

{

i

!

g 3. The age of arrestees in a year, a, directly indicates the
?

|

I3

i

i

|

! (A1)

g(x) = gla-a) = [1-F(x)1/T.

e e e 2 - ‘; where F and T refer to the distribution of total career lengths, L.** In particular,

;f f £(x) = probability that careers last exactly X years,
|
i ! - 0 .

. ; | 1-F(x) = (0 £(ylay

o ;
! = probability that careers last at least X years, and
i i

. !
: |
! |
|

“By using arrestees, the career-length variables are estimated from a population of offenders

known to be active (i.e.. individuals with non-zero )\'s in that year). To the extent that
arrestees are representative of all active offenders. at least with respect to age, the estimated
career~length variables refer to the {rue career from start at or before the first offense to end
at or after the last offense. The career-length variables are not restricted to the career

Jomwmmey ~Complete Criminal Career v
bounded by the first and last arrest

“ICohorts are indistinguishable when the offender proportion in the population that starts in
each cohort is the same and when all cohorts are subject to the identical dropout process.
Ordinarily the arrestees in any single year reflect the dropout process of the many diffetent
cohorts represented among the arrestees. When the different cohorts are indistinguishable, the
process reflecting dropout in many different cohorts accurately reflects dropout in any one

cohort.

{, ““The length of criminal careers may be viewed as a renewal process where the start and end
of a carcer are the renewal events and the time between these events (i.e., the length of a
x career) is the renewal period, L. We assume that L is independent and identically distributed
" across individual offenders. Now observing the process at some time t, the time that has
i ‘ elapsed since the last renewal event (i.e., the time already spent in a career) is known as the
backward recurrence time, In the limit, the probability density function for the backward
recurrence time is given by equation (Al). See Cox (1962) for further details on the derivation

of this expression,

omrmemene  Survival Time at 7T

Time Remaining in

- X 1 J
Career after ¢

Figure A~l

The "Surviver Distribution" for Criminal Careers.
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0 ., )
T = (% xr(x)ax =_§g° [1-F(x) Jax
= expected (or mean) total career length.

The age distribution g(a=a ) = gl), is empirically estimated as:

gla-a) = N(a)/Irf::‘ N() (A2)

where g(a-—av) simply gives the proportion of total arrestees in a year who are each age a.*°

A2. THE DROPOLT RATE

The dropout rate from criminal careers reflects the portion of remaining active offenders
that end their criminal careers (i.c., permanently cease any criminal activity) each year. The
dropout rate at each year in a career, r(x), is a function of the distribution of total career

fengths, L, and is defined as:

r(x) = f(x)/[1-F(x)]%° (A3)

Combining the relations in equations (A1) and (A3), the dropout rate cin be expressed
exclusively in terms of the age distribution of arrestees, namely

1(x) = =g'(x)/g(x) (A4)

where g'(x) is the first derivative of g(x).

“In the most general case gla~a) = N(@)/Z% N(G). However, since death represents a
natural termination’ of criminal careers, a finite maximum, MAX, can be used as the upper

limit for the age distribution of srrestees.

Ideally tl}c value of MAX would itself be estimated from the data. For simplicity in the
current estimates, however, we have set MAX = 62 reflecting the usual MAX age at arrest
observed in the data. Note that use of a constant MAX means that all careers end by age 62

in the career-length estimates generated here.

°Barlow and Proschan (1965).

T7

Using equation (A4), then, the dropout rate at x can be empirically estimated by fitting a
regression line through the observed values of the age distribution immediately surrounding g(x)

to estimate the slope, g'(x), at x.

A3. THE MEAN RESIDUAL CAREER LENGTH
By analogy with the definition of the dropout rale associated with the career-length
distribution f(x) in eq (A3), we can also define the hazard rate (or failure rate) associated with

the age distribution, g(x), as:
h(x) = g(x)/[1-G(x)]

(AS)

which is empirically estimated by:
M
h(x) = N@)/ZY** N(G)

Substituting from eq (Al) into eq (AS) we find thau
[
P [ STLPTdy | _IZPLO
== (A7)

Ri= — = ‘j,’(““[/-;:(g\jd%

Equation (A7) is just the reciprocal of the mean residual career length given a career lasts at
least x years, i.e., the expectesd time remaining in a career after X years have already elapsed in
Therefore, the mean residual career length at any age, r(a), can be estimated from

(A6)

a career.
the age distribution of arrestees as:

Fa) = 1/h(@ = ZMNG)/NG) (A8)

A4. THE MEAN TOTAL CAREER LENGTH
The last variable of interest is the mean total career length, T. In general the expécied

value is given by:

= (00 1. ,
T = e [1-F(x)ldx.

In this case, the desired expected value can be estimated using equation (A7)

For x = 0 (i.e.,, at the start of a career), equation (A7) becomes

h0) = [1-F(0)1/{® [1-F()1dx = 1/T
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and the mean total career length is given by the mean residual career length at the start of a

¢career, Or

T = #(x) for x = 0 (i.c.. at age a“). (A9)
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APPENDIX B

Tests for Staticnarity of Arrestee-to~Arrest Ratios
and Unique-Index-Arrestee Ratios in Michigan Counties

The results from Washington, D.C. pose a relationship of the arrestee-to-arrest ratio or
the proportion of unique index arrestees with age. The general form of that relationship is:

Ratio = a + bAge
The parameters, a and b, may vary over time. or over jurisdictions. To test the stationarity of
the parameters over time and over jurisdiction, we use data on these ratios for four different

years in twelve Michigan counties.

The test for stationarity (either over time, or over counties) uses a standard F-test
suggested by Chow to compare the residuals from an unconstrained regression (in which the
parameters are estimated separately for different years, or Tor different counties) with the
residuals of a constrained regression (in which the parameters are assumed to be equal in all
vears, or in all counties.)”’ The F-statistic is computed from the residuals as:

(R, = R)/[(N-K) = (N-mk)]
F =
Ru/ (N-mk)

where R = sum of squared residuals of the constrained regression;

Ruz sum of squared residuals of the unconstrained regression;
N = total number of observations;
k = number of parameters in the constrained regression; and

m = number of years (or counties) estimated separately
in the unconstrained regression.

Table B-1 lists the F-statistic, and the approximate p-value of that statistic, in tests of

lime stationarity. The arrestee-to-arrestes ratio for each index crime type and the proportion

of unique index arrestees were individually regressed on age in each Michigan. County. The
test compares the resicduals in regressions where the parameters are constrained to be equal over
time, with those obtained when the parameters are estimated separately for each year. A

significant F-value supports rejecting the null hypothesis that a ratio is time stationary (i.e., has

$1See Fisher (1970) or Rao (1973:281-4) for details of this test.

.
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constant parameters over time). In comparisons for 88 separate ratios across time, cnly eight
were found to have statistically significant time trends.

To 1est the hypothesis that all ratios in Table B-1 are time stationary, the p, values in
Table B-1 were used 1o form Pearson's p, statislic (Rao. 1973; p. 168-169)

P, = I, - 2np = 192548

which is distributed X° with 2k degress of freedom. The probability of a X° value at least
this large, with 166 degrees of {reedom. is .076.

To test for jurisdiclional stationarity, the ratios for the four years combined were
regressed on age. The residuals when the paramelers for different jurisdictions wese
constrained to be equal are then compared 1o the residuals when the paramelers are estimated
separately in each jurisdiction. The variations in age patlerns across counties are more
substantial, with significant (or near significant) differences found for every ratio in Table R-2.
As is evident in Table B-3, while statistically significant, the absolute magnitude of the
differences across counties is not very large. In part this reflects the excessive power of the
statistical test with very large samples.

To assess the sensilivity of the career-length estimales to varialions in the arresiee-io-
arrest ratios and the unique-index-arrestee ratios, career length for Washington, D.C. was
estimated separately first applying the Washington, D.C. ratios and then applying selected ratios
for Michigan counties to the Washington, D.C. arrests. The Michigan ratios were selected to
be most different from those found in Washington, D.C. Typically the aliernative ratics were
larger in value and had flatter slopes (if there was a trend detected), The alternative ratios
are listed in Table B-4,

The resulling mean residual career lengths are presented in Figures B-1 and B-2. Using
only the arresiee-to~arres ratios for individuai crime types yields toital index arrestees with
multiple counting of arrestees. The resulting career-length estimates for "multiple” index
arrestees in Washington, D.C. are compared in Figure B~1. Using the larger ratio (i.e., fewer
multiple arrests for the same crime type) found in Michigan reduced the total career length
based on Washington, D.C. arrests by less than one-half of a year (or by 3.7%) from the
estimate found using the Washington, D.C. ratios.

In Figure B-2, both the arrestee-to-arrest ratios and the unique-index-arresiee ratios were

* o
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Tests of Time Stationarity:

Table

B-1

F-Statistics and Approximate p-Values

Proportion MArrestee-to-Arrest Ratfo by Crime Type
Unique o
Michigan Index Aggravated Auto
County Arrestees Hurder Rape Robbery Assault 3urglary Larceny Theft
secrien | F= 377 (6,149) N/a'? F=1.326 (6,52) | F=6.9%0 (6,51) | F= .75 (6,126} | F= .732 (6,77) | F= .455 (6,55) H/A
p= .B75 p* .26 p= 00058%4 F= .60 p= .60 p~ .83
Colhoun | F* -696 (6,128) | F=1.318 (6,25) | F=2.208 (6,43) | F=1.014 (6,56) | F= .921 (6,105) | F=1.721 (6,77) | F= 1682 (6,52) | Fe .535 (6,30)
p= .R0 p* -.29 pe .07 p= 45 p= .50 p= .125 p= .66 p= .78
Genessee | F= +854 (6,176) | F=1.439 (6,83) | F=2.147 (6,91) | F-=2.5P8 (6,90) F=1.766 (6,165) § F=2.009 (6,112) | F=1.421 (6,79) | F=1,365 (6,54)
p= .51 p= .20 p= .06 p> .0V = .1 p= 065 p~ .19 pr .23
Inghan F- 838 (6,141) /A Fe 0912 (6,68) | F= .419 (6,67) | F= .431 (6,101 | Fe .556 (6,85) | Fe1.078 (6,61) | F= .686 (6,45)
pe .525 g p=..50 g .85 p .82 p= .60 pe 42 pe .6h
Jackson F= .408 (6,138) N/A F= .268 (6,46) | F= .65 (6,56) | F= .738 (6,113) | Fe .581 {6,84) | Fe1.508 (6,61) | F= .672 (5,28)
p= .85 p~ .95 p= .75 p= 62 p> .80 p= .17 p= .65
F=1.745 (6,127) ; F= .744 (6,38) F=2.736 (6,56) | F=2.292 (6,103) ] F» .907 (6,71) | Fe=2.600 (6,57) | Fe1.149 (6,25)
Kalamazoo p= .10 N/A P .55 p= .ongﬂi pe 04" p= .50 p= 025" p= .49
Kent F= .639 (6,157) | F= .B1B (6,43) | F=1.64) (6,89) | Fe .313 (6,66) | F= .26 (6,124) | F= .732 (6,94) | F= .443 (6,70) | F= .778 (6,51
p= .69 p* .55 g* .1) ™ .9) pe 9% p= .63 o= .825 p= .525
Kacomb F= .500 (6,150) | F=+.792 (6,58) | F= .619 (6,76) | F= .600 (6,72) | F= .581 (6,138) | ¥= .476 (6,100 | F= .650 (6,69) | Fe2.714 (6,48)
pv .BO * ol opw .62 p= .71 p* .74 g~ .75 p= A% p~ .67 p= .025%
0akland F= .233 (6,166) | F=1.035 (6,77} | F=2.R1) (6,A2) | F=1.377(6,82) F»1.097 (6,142  F= .923 (6,97) F=1.316 (6,71) | b= 427 (8,63)
aklan pe .96 pe 42 P .MS pe .25 pe .45 e b5 pe 27 pe 875
Washtenaw] F= -812 6,125) | Fe .788 (6,38) | F=1.229 (6,56) | F=2.121 (6,58) | F=1.019 (6,100) | F= .18 (h,T1) Fe .617 (6,58) | ¥+ .965 (6,31)
p= .49 p* .58 p= 3 p= 06 pe 43 p* .98 pe .75 pe (4B
Fu1.596 (6,192) | F= 362 €6,8500 ] F= 492 (6,017) ] Fel.464 (6,026 ] F» 778 (6,081 | Fe 467 (6,140 ] Frl 666 (6,80 F=2.706 (6,088)
Hayne pr .14 T prHY pe I8 pe L 9h pe B4 pe .18 p= .02

e e i omm—

—

{(a) Not applicahle ~ there $o no variation tn the ratlo m atl,
& Significant at 0% Jevel
st Stpniflcant at O) Jovel
wad Sipntflcant at 001 Leveld

e PN
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Table B-2

Tests of Jurisdictional Stationarity -- F-Statistics

Proportion
Uzique Arreastee-to~Arrest Ratio
Index Aggravated Auto
Arrestees Murder Rape Robbery Assault Burglary | Larceny Theft
F=b , 206% k% L=3.076*** F=1,603*%| F=2,016 t* F=1,716% | F=2,850%%%| F=1,603% | F=1,510+
(22,548) (22,328) (22,385) | (22,319) (22,520) | (22,389} (22,303) § (22,242)
+Significant .10 level
*Significant .05 level
**Significant ,01 level
**xSignificant ,001 level

[4:3
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e Significant at

A01 Jevel

* ¥
Table B-3
Jurisdictional Differences in the Regressions on Age
for the Arrestee-to-Arrest and Unique Arrestee Ratlos
Proportion Arresice-to-Arrest Ratio
Unique Index Appravated Auto

Jurisdiction Arrestees Murder Rape Rohbery Assault Burglary Larceny Theft
Vash. D.C. | .759+.00368""" Age r= 917 r e 93 | .619¢.00816™"" Age | .910+.0007% Age r= 878 .5744,0082 Age - 914
e == == =i == == —=
Berrien .928+.00171*** Age f = 1.000 v = .992 11.021-.00538** Age v = .991 r e 979 v = 926 « 1,000
Calhoun .8674,00371*** Age r= .979 P e 966 | .8774.00667%  Ape |.238+.00182%" Age | .860+.00296* Age w9 - 968
Genensee .875+.0031 """ Me | .983-.00364*** age | r = 940 | .869+.00261%  Ape | .926+.00106% Age re= 881 .763+,00696% Ape . 910
Inghan .910+.00218"** age v o= 1.000 r o= 991 v = .95 - r = 985 ¢« .95 JOB04,00439% Age - ,992
Jackson .895+,00275"** aAge r = 1.000 ¢ .97 £ = 979 r = 982 96+ ,00346%Y Ane t = 924 - .98)
Xalamazoo .906+.00087%  Age r = 1.000 r = .97} £ e .94) r o 982 r e 952 .8534.00509* Age " 962
Kent .926+.00155™"" Age r = .99 ¢ - .97 v = .977 .959+.00105* Age £ = 966 re .95 . .99
Hacomb .915+.00187*** Age r - .99 v o= 966 | .AB14.00038% Ape r = .966 .8824,00315** Age r = .909 " 960
Oakland .954+.00109*"  Age r o= 992 r = 906 v = 955 roe 995 re 972 £ » 948 - 979
Hashtenav .905+.00248*** Age v = .989 re 970 re= .97 r = .901 8734.00181%  Age r = ,891 » .G81
Wayne .9174.00131*** Age £ = 981 v » 978 | .919¢.00179%  Ape v 979 r = 955 LA6NE,00361% Age - 987

4+ Significant at .10 level

& Stpntfleant at 0% foeveld

s Sepnificant at .01 level

£8
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Table B-4

Alternative Arrest-to~Arrestees Conversion Ratios

Ratio

Unique Index Arrestees

Arrestees~to~Arrests:

Murder

Rape

Robbery
Aggravated Assault
Burglary

Larceny

Auto Theft

La e B B S A B

Hashington, D.C, Michigan

——y R S S

= ,759 + ,00368 Age r = ,954 + ,00109 Age
= ,917 r = ,993

= 934" r = ,986

= ,619 + ,00816 Age v = 877 4 00447 Age
= ,910 + .0007 Age r=,995

= 878 r=,979

= ,574 + ,0082 Age r = ,853 + ,00509 Age
= 0914 r = ,992

¥8

& o
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Mean Residual Career Length in Years
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Mean Total Career Length:

10,33 Using Washington, D,C, Racios
9,95 Using Michigan County Ratios

o e Using Washington, p.C., Ratios

w oo~ Using Michigan County Ratios

.""l"""" llvv"T v.‘...'v‘. T

=
20 25 30 35 40 45 50 55 60

Age at Arrest in 1973
Figure B-1

gensitivity of Mean Residusl Career Length
Estimates to Variations in Arrestee/Arrest Ratios:
Career Length Estimates for Index Arrestees
with Multiple Counting
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Mean Residual Career Length in Years
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Mean Total Career Length:
10.80 Using Washington, D.C. Ratios
10.06 Using Michigan County Ratios

14 4
13 4
12 4
11 -
10 -

o e Using Washington, D,C, Ratios

- N W N vt O ~ o o
4

d meme. Using Michigan County Ratios <

20 25 30 35 40 45 50 55 60
Age at Arrest in 1973

Figure B~2

Sensitivity of Mean Residual Career Length
Estimates to Variations in Both Arrestee~to-Arrest
Ratics and Unigque Index Arrestee Ratio: Career

Length for Unique Index Arrestees

—Y"'I"l‘ll',llvl""l'l""‘vl!""l‘l"l"
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applied to index arrests in Washington, D.C. to yield total unique index arrestees. The
combined effect of the two Michigan conversion factors was a reduction of about 3/4 of one
year (or 6.9%) from the estimate found using the Washington, D.C. ratios.

The most noteworthy finding is that the use of different slopes for trends in the ratios
did not alter the pattern of age variation in the mean residual career-length. Thus, within the
range of jurisdictional differences in the ratios observed in Michigan and Washington. D.C., the
impact of different ratios on career-length estimates is small, especially when compared to the
role of the other correction factors indicated in Figure 9 and Table 2.
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APPENDIX C

Estimating Age-Specific Numbers of Arrests from Age-Grouped
Arrest Data

The annual arrest data for Washinglon, D.C. were only available for the age groups
identified in Table C-1. The 1973 arresitee data contain the number of arrests for each index
" offense type -al each age for adults-(218) arresied in 1973. The more detailed 1973 arrests can
© be used to partition the reporied arresis over each age within an age group. In particular, we

estimate:

X 1 = crime type
for { k = age group (e.g., 25 to 29)

k j = individual age within

age group k (e.g., 26)

ny
Py (3) = N

where N'L is the number of arrests for offense type i in age group k, 0, is the number of

arrests for offense type i at age j in group k, and N = E, er B These proportions. p,_ (j).

are multipiied by the number of arresis reported in each age group k available for each year
1970 to 1976 to yield estimates of the annual number of arresis for each individual age.

The 1973 arrestee data are complete for all index offenses other than larceny. In the

case of larceny, the age=-specific numbers of arrests are available only for adults ar.ested for
larceny in 1973 and also arrested for some other index offense that year. Since younger
offenders are more likely to have ‘arrests for multiple crime types (section 2.1.1), this

requirement of multiple arrests tends to over-represent younger age groups and under-represent

older age groups among larceny arrests in 1973. The age~-specific :istimatcs. however, are

- . . & -
calculated separately within each age group. 1f the resulling proportion each age within an age
group more closely represents the age distribution within age groups for all larceny arrests, the

age-specific estimates of larceny arrests are not likely to be seriously biased.

Note also that we use the age-specific proportions for 1973 to derive estimates of arrests
for each year 1970 to 1976. While this assumes stationarity in the age distribution within ape
groups, it still permits year-to-year variations in the overall age distribution of arrests reflected
{» changes in the distribution over the different age groups. )

Table

c-1

Age Groups Available
in Washington, D.C., Arrest Data

1970-74 1975,76
Age Groups: Age Groups:
< 10
<15 11-12
13-14
15
16 16
17 17
18
18-20 19
20
21-22 21
22
23-24 23
24
25-29 25-29
30-34 30-34
- 35-39 35-39
40=44 4O=b4
4549 45-49
> 50 > 50
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APPENDIX D

Estimating the Annual Age-Specific Population Distribution
for Non=White Males in Washington, D.C.

With the exception of the decennial census in 1970, the annual age-specific population
distribution for non-white males in Washington, D.C. from 1971 1o 1976 must be estimated.
The available population daia for Washington, D.C. are.

e The annual total population over race, Sex, and age for 1970 to 1976 (last row of
Table D-1):

o The annual population subtotals for ten age groups for non-white males from 1972
1o 1975 (Table D-1)"; and :

e The age-specific non-white male population for 1970 (Table D-2).

_ There are two basic elements 1o the population estimates. first estimating the proporlon
of the total population at each age for non-white males, Pa(l). and then estimating the absolute
number of non=-white males each age. M.(L). Slightly different procedures are used for the
years 1972 to 1975 when age-group data are available, and for the years 1971 and 1976 when
only total population figures are available. The resulting estimates for ,M‘(t) are presented
along with the 1970 census data in Table D-3.

D.1. Estimating P.(t)

(1) Years: 1972 - 1975

The estimates for these years make use of the available age-group population data by first
estimating the proportion of the total population at the "mid-age” of each age group as.
Ai(t)

P (t) = .
m, Tt (D1)

where:

$2Tpe inter-census year population figures were provided by the D.C. Government, Office of
Planning and Development. Statistical Services Division, Demographic Unit. These population
estimates are generated using a basic cohort method with adjustments for births (from vital
statistics), deaths (using life-table estimates), and migration. Migration is estimated using dala
on school enrollment for younger Aages. supplemented by social security data to eslimate
migration of older age groups. )

2
[ory

Pm (t) = proportion of the total population at "mid-age" m, of age

i group
Pm (t) = proportion of the total population at "mid-age"
i m, of age group i in year t;

Ai(t) = Si(g)/S, i.e., the simple average population
each age within age group i in year t where
Si(t) is the population subtotal for age group i; and

T = total population over race, sex and age
in year t (t = 1970, 1972, ..., 1975).

Equation (D1) enables us to obtain ten "mid-age" proportions for each of the years 1970, 1972,
1973. 1974, and 1975.

P() is the proportion of the total population at each age & This proportion is estimated
for the intermediate ages between (WO "mid-age” proportions by using the linear interpolation

with:

P () -P (&) P (t)~-P ()
a m m, m
a-m my =Wy
‘ (D2)

where

g
A

fagm

3

m, = the "mid~age" of age group i in year t;

y J =1 +1

P (t) = the proportion of the total population 2¢
i "mid~age' mj of age group i in year t
(from eq (D1));

t = Years 1970, 1972, ..., 1975

(2) Years: 1971 and 1976

The P.(t) are estimated for the two years without age-group data (1971 and 1976) by a
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linear regression model applied o the estimates derived for the years 1970, and 1972 through

1975 for each age &

-

P() = e, + AL 18 S a <62
(D3)
D.2. Estimating M,L‘l
1975

|

(1) Years: 1972 =

For those years where age=group sublotals are available, the absolute number of non-white

males, M (1), are computed as follows:

Compute the proportion each age within an age ETOUP. Pa'(t). as:

{ Pa(t) -
Pa(t) = T P _(t)
a
acsi

where i = age groap and 1 = years 11972 10 1975

Step 2: Compute the absolute number of non-white males each age for each agt.: group

separately as:
(D5)

i
- ’ t
Ma(t) Pa(t) Si( )
for age a in age group i

and S(1) = the sublotal population of age group i in year t (Table D1). and
i

1 = years 1972 to 1975
(2) Years: 1971 and 1976

In these years M (1) is simply estimated as: |
(D6)
M (1) = P@W.T
for 1 = years 1971 and 1976.

s

9

Table

3

D-1

Annual Non-White Male Population
in Washington, D.C. for Selected Age Groups

*

Year

Age Group 1970 1970 | 1972 | 1973 | 1974 | 1975 | 1976
15-19 24,549 | na™ | 26,100 | 27,000 | 27,600 | 28,500 | na™*
20-24 22,719 . 22,900 | 22,900 | 23,300 | 24,000 | -
25-29 20,904 . 21,800 | 22,200 | 22,000 | 22,000 | -
30-34 16,965 . 18,100 | 19,200 | 19,500 | 19,700 | -
35-39 15,119 . 15,200 | 15,100 | 15,300 | 15,800 | -
40-44 15,025 . 14,500 | 14,400 | 14,100 | 14,000 | -
45-49 14,373 . 15,200 | 13,900 | 13,300 | 13,600 | -
50-54 12,267 . 14,300 | 13,100 | 13,000 | 12,600 | °
55-59 10,711 . 10,400 | 10,200 | 9,900 | 10,400 | °
60-64 8,031 . 8,600 | 8,500 | 8,500 | 8,600 | .

Total All

Racgees"=®51 756,510 | 753,600|752,700 | 739,600 | 729,100 | 721,800 | 700,000

*
Prepared by:
Unit, Washington, D.C.

*%
NA:

Not available

Office of Planning and Management, Research and Statistics




Table D-

2

1970 Age-Specific population for
Non-White Males in Washington, .C.

AGE POP'N ACE POP'N AGE | POP'N Age POP'N Age | POP'N
15 5374 25 446C 35 3217 45 2888 55 2407
16 5008 26 4180 35 2985 46 2844 56 2124
17 4866 27 4422 37 3100 47 3096 57 ‘2091
18 4646 28 3888 38 2660 48 2796 58 1999
19 4655 29 3954 39 3157 49 2749 59 2090
20 4543 30 4020 40 3302 50 3063 60 1929
21 4389 K3 3457 41 2876 51 2504 61 1612
22 4832 32 3171 42 2977 52 2347 52 1644
23 4688 33 3064 43 2985 53 2189 63 1362
24 4267 34 3273 44 2975 54 2164 64 1466
*From Table 19, 1970 Census of Population, District of Columbia (Washington,

N.C.t

U.S. Bureau of the Consus) .
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Table D-3 “’E
Annual Age-Speciéic Population Estimates -
for Non-White Males in Washington, D.C.

YEAR

AGE 1970 1971 1972 1973 1974 1975 1976

18 4646 4850 5007 5196 5314 5488 5651

19 4655 4749 4881 3033 5143 5310 5437 |
20 4543 4726 4783 4822 4928 5096 5106 |
21 4389 4623 4657 4661 4758 4919 4898 |
22 4832 4520 4530 4500 4589 4741 4689 |
23 4688 4466 4487 4472 4538 4662 4633 :
24 4267 4412 4443 4445 4487 4583 4577

25 4460 4445 4513 4553 4534 4567 4625

26 4180 4389 4468 4524 4481 4487 4568

27 4422 4334 4423 4496 4429 4407 4511

28 3888 4183 4273 4374 4328 4315 4432

29 3954 4031 4123 4253 4228 4223 4354

30 4020 3797 3895 4108 4143 4165 4342

31 3457 3649 3748 3987 4042 4072 4262

32 3171 3500 3601 3867 3941 3979 4182

33 3044 3399 3485 3701 377N 3821 3984

34 3273 3298 3370 3536 3602 3664 3787

35 3217 3168 3216 3260 3318 3418 3442

36 2985 3068 3102 3100 3154 3264 3253

37 3100 2968 2988 2941 2990 3110 3063

38 2660 2955 2961 2913 2943 3040 2989

39 3157 2943 2933 2886 2896 2969 2914

40 3302 2980 2922 2931 2906 2909 2864 .

41 2876 2967 2894 2903 2858 2838 2789

42 2977 2954 2867 2875 2810 2767 2714

43 2895 2944 2894 2855 2779 2751 2695

44 2975 2934 2922 2835 2747 2735 2676

45 2888 2957 3022 2827 . 2712 2767 2684

46 2844 2947 3051 2807 2680 2751 2665

47 3096 2936 3079 2787 2648 2735 2646

48 2796 2876 3042 2755 2636 2694 2638

49 2749 2816 3006 2723 2624 2654 2629

50 3063 2753 3008 2737 2694 2630 2705

51 2504 2693 2971 2704 2681 2690 2696

52 2347 2632 2934 2671 2669 2549 2688

53 2189 2530 2774 2553 2542 2460 2562

LY 2164 2428 2614 2435 2414 2371 2436

55 2407 2296 2335 2240 2183 2246 2196

56 212% 2195 2183 2126 2061 2158 2076

57 2091 2094 2031 2012 1940 2070 1956

58 1999 2005 1960 1945 1885 1999 1907

59 2090 1915 1890 1878 1830 1927 1859

60 1929 1873 1929 1904 1892 1929 1944

61 1612 1781 1855 1833 1833 1855 1691

62 1644 1690 1780 1763 1775 1780 1839

T P S
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APPENDIX E f l

Assessing Stability of Recruitment to Adult Criminal Careers | CE

To test for the presence of a trend (either toward increased, or decreased recruitment of
adult offenders) in the Washington, D.C. data, the numbers of arrestees per capita, N (a), at
ages 2 = 18, 19 and 20 were examined in each year t = 1970 to 1976. If all adult offenders !
begin their careers at age 18, then as one Jooks beyond age 18, the number of arrestees per ;
capita includes the combined effects of changes with time in both recruitment and dropout i
Since the relative influence of dropoul increases with age, we do not compare "recruitment” |
| rates beyond age 20. Figure E-1 shows arresiees per capita in adjacent years for ages 18. 19
and 20. In each case, the observed values are distribuled evenly around the line representing a
constant rate of arrestees per population from year to year.

The ratio N, (a)/N(a) = k (a) was also computed as a measure of the rate of growth (or
decline for k(a) < 1) in recruitment between t and t+1. A value of unity for this rauo
indicates stable recruitment rates from year to year, As is evident in Table E-1, the ratio for
ages 18, 19 and 20 assumes values siightly below and above unity over the period 1970 to 1976.
The mean value of the recruitment ratio for each age is never significantly different from
unity at .990 .for 18~year-olds, .993 at age 19 and 1.000 at age 20. Also, regrc.ssipns of kl(a)
against time for each age found no statistically significant time trend coefficients. Thus. the
recruitmen: rate appears to be reasonably stable over the seven years 1970 to 1976.
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A2 N, (2)=N,,,(a) 12
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Figure E-1

Arrestees Per Capita, N (a), in i
Ad}acent Years for Ages 18, 19, and 20
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APPENDIX F
Table E-1
f Deriving the Age Distribution g(x) Associated with a

Three-Piece Dropout Rate Function

Recruitment Ratio, kt: (a),

For Ages 18, 19 and 20 .
The proposed dropout rate function is:*

kt(a) = Nt+1(a)/Nt(a) i . a,x 6 <y <
. X
t . a=18 a=19 a=20 1© 2x2H
170 1.088 1.085 1.058 r(x) = b, » X LXZIX
1971 .931 .932 941 34X . HAX
‘ <
; 1972 855 873 .898 bye” o FpIEs
| 1973 1,103 1.117 1.135 where MAX is the maximum age observed among index arrestees, which in our case is sel
1974 1.067 1.047 1.039 to 62. From eq. (A4),
; ., )
1975 .894 .902 .927 | r(x) = gg(’(:):) = d;/dx for y = g(x)
Mean k(a) .990 .993 1.000 S
N i [o]
(Standard
| b.e t , 0<x<x
Regression LB 3 3 : : | 1 1
‘?cge‘(igsf b"ri“]‘ftl.o;l -.008%8 | 1.025 -.00926 | 1.032 - 00356 rx) = =X =<b X, $x <X
g\ o 1 (tw-.312) (tw=,342) (tm-,145) ydx 2 ’ 1-"="2
i 83){
b,e » Xy %2 MAX
and
alx
-ble dx , 0<x<%
d
;—X» =\ -'bzdx ’ xl _<_ X _<_ xz
33)(
. -b3e dx X, < x < MAX
$iThe authors wish to acknowledge the helpful assistance of Daniel M. Rosenblum in deriving
this result.
|
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Integrating both sides™
a.x
-5 e 1 dx
ol
x a,x
x d - 1 1 - X
fo ;1 = lny = C+ fo ble dx Ix]bzdx
x a.x % , a.¥
-/ e lax -/ 2, ax - /7 bee 3 ax s
o 1 X, 2 X, 3 .
or,
a,x
—bl/ale + bl/al
st
Iny = C+ —(bl/ale - bl/al) - bzx + ble
a.x a.x a.x
171 3 372
-(bl/ale - bl/al) - bZ(XZ-xl) - b3/a3e + b3/a3e
Exponentiating both sides
b alx >
-blfal(e -1)
a,x

Iny _ o . N = - 171 .
e y = g(x) = exp C+ bl/al(e =1) - bz(x-xl)
a,x
171
-bllal(e -1) - bz(xz—xl)

a.X a.x%
, 3 372
L. -b3/a3(e ~e )

%4The integral for each succeeding piece includes the values of the full integral of previous
Yy behi'dy s

pieces 1o assure continuity of g(x) at the break points x and x, (e.g., .
The constant of integration, C, ¥ssures that g(x)

included in the integral of the second piece).
is a proper probability density function with | M** g(x)dx = 1,

B S iy s
Y e

. 4

i
Je—

e e i by
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Letting K = explC -~ b,/al(c‘:": -1) + bzx'J

a,x a.x
exp(-bl/ale 1 + bl/ale 171 _ ble)

Bx) = K+ \ exp(-b,x)
a,.x
3 23%;

xP(-bylage © +by/aze 7 % - byx,)

in the appropriate ranges of x. Integraling over g(x) to evaluate K,

MAX X, a.x a.x

fo g(x)dx = 1 = K . [fo exp(-bl/alg ol bl/ale 11
2

+ fxl exp(-bzx)dx

MAX

f a3x a.x

X, exp(-b3/a3e + b3/a3e 372

- ble)dx

- bzxz)dx]
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APPENDIX G

Assessing the Impact of Age Variations in the Probability of
Arrest for an Offender

G1. Age Variations in the Arrest Probability for Offenders

Among the factors that may influence the arrest probability of offenders at different ages
are variations in time served with age and a cohort effect with more recent cohoris of

offenders (the younger offenders in year t) having higher arrest probabilities.

Figure G-1 displays the general patiern of time served observed for the 1973 Washington,
D.C. arresiees. Time served decreases from age 18 and then increases again reaching another
peak around age 30. The impact of this time served pattern on the arrest probability is
depicted in Figure G-2. As lime served decreases, the probability of at least onc arrest in a
year for an offender increases. and conversely, as time served increases, the arrest probability

decreases.

The analysis of variations in individual arrest rale.s for Washington, D.C. arresiees in
Blumstein and Cohen (1979) suggesis that arrest rales are stable over age within a cohort of
offenders, but have increased for more recent cohorts. Such variations in the arrest rale
would introduce age dependencies into the arrest probability for offenders of different ages in
any year t In paruicular, younger offenders in year t (who represent more recent cohorts)
would be expected to have higher arrest probabilities in that year. Figure G-3 depicts such a
cohort effect on arrest probabilities. The impact of the cohort effect is greater for more
recent cohorts (younger ages in year t) to reflect a more pronounced cohort effect for the
post-World War II baby boom cohorts who reached adulthood in the late 1960's and were in

their twenties in 1973.

Figure G-4 combines the impact of age variations in time served and cohort differences
on the arrest probability for an offender. The increasing probability associated with times
served from ages 18 to_about 23 decreases the arrest probability somewhat in these ages, while
the sharp decrease in the arrest probability as a result of time served from ages 23 to 30
accentuates the decline in the arrest probability for these ages. '

G2. Impact of Age Variations on Career-length Estimates

Age variations in the probability of arrest in a year for an offender will distort the

T
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Average
Time Served
Per Arrestee

L L] '

20 30 40 50 60
Age

Figure G-l

Age Variations in Time Served
for 1973 Washington, D.C. Arrestees

Probability of

At Least Ome
Arrest in a Year

for Offenders

T 14 Y Y T
20 30 40 50 60
Age
Figure G-2

variations in the Arrest Probability

"Age
Associated With Time Served Variations

for Offenders
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representation of some age Eroups among arrestees as those offenders with higher arrest
probabililies are more likely to be sampled through an arrest.  If the arres probability
decreases for older ages, more recent cohorts (younger offenders in year 1) are more likely to
be arresicd and older offenders (earlier cohorts) will be under-represented among arrestess.

Probability of - : / , . .
At Least One | : Let k¥ > 1 be a constant rate of growth in the number of arrestees in each successive

Arrest in & Year cohort as a result of the age variation in the arrest probability. The dropout rate estimated
for Offenders | from the observed age distribution of arrestees in year t, n(a), can be approximated by

p i ~ nt(a) - nt(a+l)
’ Y Y T . Y ? r(a) = n (a) (Gl)
20 30 40 50 60 ; t
Age :
Figure G-3 \ \ ixees . :
With decreasing arrest probabilities with age. the arrestees age (a+l) in year U musl be
Age Variations in the Arrest Probability ‘ I increased 1o reflect the growth in numbers of arrestees already present in the more recent
for Offenders Associated With a Cohort Effect . \
on Individual Arrest Rates cohort n(a). The true dropout raie would then be approximated by
- +
S(e) = nt(a) knt(a 1) G2)
n_(a)
t
Probability of ; _ The ratio of the biased estimate of the dropout rate, r(a), to the unbiased estimate, r(a) is
Arrest in a Year | & d
for Offenders ' ' ( (a)-n_ (a+1)
~ - n {(a)~n_(ari
LI . n,(a) n (a+l) n,(a) o = t( ) kt o 1 for ko1
rZa) nt(a) nt(a)-knt(a 1) n (a n, (2
(G3)
20 30 40 50 60 \ and the estimate r(a) overestimates the dropout rate. Correspondingly. for another point a°,
Age where 2 € a+1 < a* ¢ a'+l
- §, *
Figure G4 , nt(a*) - nt(a*+l)
- Lot R* = 4 (a*) - kn_(a*+l)
The Combined Effects of Time Served : t t (G4)
and Cohort Differences on Age Varistions
in the Arrest Probability for Offenders
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For k = 1+C, the error ratio, R, can be transformed o

n_ (a)-n_(a+l)-Cn (a+l) Cn (at+l) c
3-'- = t t t = 1 - t - 1 -
R nt(a)-nt(a-i—l) nt(a) - nt(a+1) nt(a) 1'1 (GS)
T (atl) J
t
Likewise,
R¥ n (2% . (Go)
5 @) 1

“

Now, if r(a) > r(2") (i.e., the dropout rale is estimsted to be decreasing Wwith age), then

nt(a)-—nt(a-kl) nt(a*)-nt(a*-l-l)
B (2) g SRR
L - N (at1) - nt(a*+1)
nt(a) nt(a*)
n, (a+1) ) :\L‘(a*ﬂ)
nt(a) nt(a*)
(GT)
nt(a) nt(a*)

7, (a1) 7 R, D)

and substituting (G‘;) into (GS) and (G6). %> ‘;li'* and R ¢ R’. So, when the dropout
rate is estimated 10 be decreasing (as in period 1 in Figure 11), the overestimate of the
dropout rtate ref lected by R is less at younger 2ges as depicted in Figure G-5.
Correspondingly, the mean sesidual career length is increasingly underestimated as age increases.

Using the same logic, if the dropout rate is estimated to be increasing with age (‘i’(g) <
¢(2*)) as observed in period III in Figure 11, R » R'. In this case, the overestimates of

dropout rates &re worse at younger ages, while mean residual career length is iricreasingly

underestimated for younger of fenders, These biases are illustrated in Figure G-6.
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Figure G-7 combires the results in Figures G-5 and G~6. When the age variation in the
arrest probabilities for offenders is associated with a constant growth rate, k, in size for more
recent cohorts, the dropout rate will always be overestimated with the worst overestimates in
the middle age range. In this case, the true 'dropout rate {and mean residual career length) has
even sharper periods of decline and increase than estimated.

We now explore the nature of the bias when the growth rate is not constant, but rather
is increasing for more recent cohorts, ie, k@@ > k@@") for a < a*. The dropout rate at any
age a is estimated as in eq. (G1). Because of the growth in the numbers of arrestees in more
recent cohorts, however, the true dropout rate is better approximated as

- nt(a) - k(a+l)nt(a+l)
(@) = @
ngla (G8)
For k(a+1) = 1 + Cla+1), the error ratio of R(a) is given by
nt(a) - 'nt(a-i-l)
R(a) =
nt(a) - nt(a+l) - C(a+l)nt(a+l) (G9)
and
1. C(a+l)
R(a) !"nt(a)
Lnt (a+l) ~ 1
G10)

For a* > a, r(a"), R(a") and 1/R(a") are defined similarly with ‘a® replacing a in egs. (G8) 1o
(G10). '

Suppose C(a+1) > C(a™+1), or there is a larger growth rate in arrestees for more recent
cohorts (i.e., for younger offenders in year t). This would be a manifestation of the more

. rapid decline in the arrest probability between ages 23 and 30 illustrated in Figure G=4. Now,

for T(a) > Ta*) Gie. the dropout rate is estimated 10 be decreasing with age), R(a) ¢ R(a")
when

M (a)
t -1
C(a+l) ing(atl) )

C(am+1) < |7 @)
|n, (a*+1) -1
[,

As long as the growth rate in the numbers of arrestees for more recent cohorts (i.e., younger
ages in year t) reflected in Cla+1) is not increasing faster than the estimated dropout rate is

increasing for more recent cohorts, the estimated decreasing dropout rate will increasingly
overestimate the dropout rate at older ag ..
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For r(g) < r(g')

( n_(a%*)
Tt 2) £ and R(a
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APPENDIX H

Late-Starter Corrections by Crime Type

The 1973 data for Washinglon, D.C. arrestees provide the basis for estimating the
proportion of arrestees each age for each crime type who had a first adult arrest for index
crime type before age b. This was done separately for each of the index crime types (excluding
larceny) for b = 20, 23, 25.** To eliminate much of the noise in the observed proportion
starting with an index arrest before age b for each crime type, weighted least squares (weighted
by the number of arrestees at each age for a crime type) was used to fit:

P (x) = pe®”, where x = a - b,

Figures H-1 through H-6 present the fit between the predicted and observed Pb(x) for each
index crime type.

There are some differences in Pb(x) beiween violent and property crimes. For the
property crimes of burglary, auto theft and robbery, Pb(x) starts out high and then falls off
sharply with age indicating a strong age effect on P.(x). There is a greater likelihood that
younger offenders in these crime types began their adult careers with an index arrest at young
ages. while older offenders in these crime types are much less likely to have had an indey
arrest at young ages. In contrast Pb(x) varies less with age for the violent crimes of rape and
aggravaled assault In comparing youngz and old offenders for these violent offenses. the
younger offenders are only slightly more likely to have begun their adull careers with an index
arrest at young ages than are older offenders.

**The arrest history data is not available for all arrestees for larceny in 1973, Only those
larceny arrestees who are also arrested for some other index offense in 1973 are included in
the data, Since these offenders may not be represeniative of larceny offenders in general,
larceny is not included in the crime-specific analys:s,
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APPENDIX 1

Estimating Dropout Rates After First Arrest

The basic life-iable approach described in Appendix A can also be applied W the
distribution of arresiess over the number of prior arresls in a record. Using the fall-off in the
pumber of arresiees as the number of priof arrests increases in & cross-section of arresiess. the
dropout rate after each arrest and the expected residual pumber of arrests can be estimated.

Table 1-1 presents the distribution of arresiees for zero and onc prior adult arres in
Washington, D.C., and Franklin County. Ohio, for 1973. Taking the number of arresiess with
zero priors as an estimate of the total number of of fenders swarting in 2 cohort, those with
exaclly one priof arrest gives the proportion of arresiess ‘who remain active after their first
arrest. Using this relationship. the dropout rate after the first adult index arrest is estimated
at 52.3% for index careers in Washington, D.C. The corresponding dropout rate after the first
adult felony ‘arrest is 57.3% for felony careers in Franklin County, Ohio.  Using the
relationship in equalion (A9). the expected future number of arresis after the first arrest in the
adult career is estimated as 1.50 additional index arrests ir Washington, D.C.. and 1.61
additional felony arrests in Franklin County.




Table 1-1

. Dropout Rate After
First Arrest and Expected

Future Arrests in Adult Careers

Washington, D.C.

Franklin County,

Number of 1973 Ohio 1973
Prior Arrests (Prior Index Arrests (Prior Felony Agfests
for Arrestees As Adults) As Adults) ‘

3. Total Arrestees

2,035 (40.0%)
970 (19.1%)

5,088 (100.0%)

131 (38.3%)
56 (16.4%)

342 (100,0%)

Dropout Rate After

First Arrest 52.3% 57.3%
(1-2/1)
Expected Future Arrests
After First Arrest
in Adult Careers
1.50 1.61

(1-1/3)/(1/3)

a

Van Dine, et al (1979, Table 3-10)

LTT
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APPENDIX )

Assessmg Stsbxhty in Residual Career Length
and in Arrestees per Capita

To test for the presence of lime trends in residual career length, the mean residual career
length was estimaied separately for each year from 1970 through 1976. The resulting = (a) at
each age a were thcn regressed against time. The regression results are reported in Table J-1.
To assure that thc data smoothing process does not suppress any time trends, the regression
analysis is performed on esiimates of arresis per capita, n(a) and mean residual career length,
r (a) derived from unsmoothed data. The results are discussed in Section 3.0 of the main
lext

-
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Table J-1
Stability Over Time for 7 _(a) and nt(a):
Results of Regressions Against Time
Mean Residual Career Length (b=20) Arrestees per Capita
T:(I) - c°+c1: (ne7) “t(') = doﬁdlz (n=7
Age 5 < (t=-value) do dl (t-valuve)
18 5.187 .237 ( 2.555) .1076 -.0017  (~1.246)
19 3.978 196 (1 2.493) .1123 -.0013 (- .962)
20 3.349 137 ( 1.948) .1031 -.0002 (- .1E7)
21 8.919 212 ( 1.978) .0736 .0015 ( 1.564)
22 7.966 025 (  .181) .0768 L0032 ( 2.263)
23 10.066 =346 (- 1.706) .0563 L0057 ( 2.20%)
24 9,715 -.347 (-~ 1.836) .0539 .0057  ( 2.328)
25 9.879 ~.410 (=11.511)* L0490 005 ( 7.414)*
26 10.675 «.454 (- 6.632)* L0436 .0045 ( 5.352)¢
27 14,590 -.737  (-11.175)* .0311 .0035 ( 6.027)+
28 11,984 -.919 (- 4,793)* .0367 .0033 ( 5.428)*
29 15.069 -.704 (- 5.378) .0284 0026 ( 5.576)*
30 9,808 -.495 (- 1.380) L0434 0013 ( 2.114)
31 11.409 -.111 (- ,805) .0358 .0006 ( .9C3)
32 11.414 070 (1 L441) .0343 (- .001)
33 10.443 055 ( .332) .0355 .0001 ( ,094)
34 10.662 -.128 (- .844) .0332 0006 ( .922)
35 11,142 -.087 (- .725) .0305 L0004 ( ,398)
36 8.872 -.059 (- .590) .0358 L0004 ( .342)
37 9.735 -.226 (- 2.027) .0307 .0009 ( .92¢)
38 9.869 -.077 (- .510) .0289 .0002 ( .233)
39 12.825 - 4d) (- 2.669) .0214 .0008 ( 1.036)
40 8.887 096 ( .649) .0288 -.0004 (-~ .561)
41 11.458 L418 (1 1.989) .0210 «,0006 (-1.234)
42 9,950 095 ( .467) .0233 -.0002 (- .48%)
43 5.414 J140 (0 1.494) L0373 -.0007 (-1.290)
44 7.291 129 ( .885) L0255 ~-,0003 (~ ,648)
45 7.982 310 ( 1.417) .0212 =-.0006 (- .561)
46 5.690 .318 ( 1.914) .02¢€1 «.0006 (- .768%
47 9.972 479 ( 1,016) .0145 «,0002 (- .36¢)
48 5.048 333 ( 1.772) L0241 =.0005 (- ,64b:
49 4,362 405 (0 2.232) L0235 -.0006 (- .91
50 10.015 -,009 (- .,035) L0102 L0004 (1.08)
51 8,081 113« .664) L0117 L0003 (.92
52 5.472 -.003 (- .031) L0154 L0006 (1,28
53 3,742 027 ( .359) .0186 L0005 (1.0013)
54 6.331 189 ( 1.217) - . 0096 L0001 (L 54%)
55 4,865 =056 (~ 2.656) .0108 L0006 (2,422
56 2.323 -.029 (- .653) .0165 L0009 ( 1.93¢)
57 6.610 -.006 (- .052) .0053 L0002 (1.268)
58 1.747 -.049 (-~ .788) L0130 L0009 (1,933)
59 2.329 ]-.049 (= 5.168)'[ .0072 ,0003  ( 1.327)
60 1.547 -,026 (= 3.332) .0069 L0001 ( .941)

#*Significant at .01 level or better for two-tailed t-test.
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APPENDIX K : Table K-1
Age-Specific Arrest Rates for Different Crime Types _f Average Age-Specific Arrest Rates for Males .
i ; in Fifty-Five
! i U.S. Cities in 1970
Datz on the number of arrests by age and sex were made available by the FBI for the |
fifty-five U.S. cities with populations over 250,000 reporting to the FBI for 1970. These arrest Arrests per 100,000 Male Population for:
figures were combined with census data on population by age and sex in each city to yield Age Category Property* Violent™

arrest rates within each age category. Table K-1 reports the average population arrest rates (years) Offenses Offenses Robbery
for males by age in the fifty-five largest cities. ! <10 263.0 6.7 8.0
‘ | 11-12 2,460.5 74.4 134.2
{ L 13-14 6,096.7 248.7 433.1
| % 15 8,479.5 461.0 742.5
| | 16 8,695.6. 632.0 985.7
| i 17 7,458.6 754.0 1,079.2
| | 18 5,486.6 710.7 1,005.9
f f 19 4,654,2 731.5 959.5
§ 20 3,511.6 667.2 783.8
| 21 3,009.2 662.7 693.4
| 22 2,740.8 663.1 625.1
; 23 2,404.3 655.0 577.3
! 24 1,918.8 561.2 454.0
| 25-29 1,548.7 536.3 327.4
30-34 1,160.4 478.8 195.8
35-39 883.7 400.,1 110.6
40-44 666,6 284.6 61.8
g ; 45-49 463.5 ' 210.9 36.2
| ; 50-54 335.9 148.4 18.8
{ g 55=59 241.1 111.7 13.5
i ! 60-64 172.7 79.7 ‘ 4.2
> 65 93.5 42,1 3.5

*Property crimes include the F.B.I. index offenses of burglary, larceny
and auto theft,

; **Violent erimes include the F.B.I. index offenses of murder, rape and

} aggravated assualt, .

o e




122

REFERENCES

Attorney General's Task Force on Violent Crime
1981 (a) "Phase I Recommendations”. Washington, D.C.: U.S. Justice

Department, June 17, 1881.

1981 (b) "Phase Il Recommendations". Washington, D.C.: U.S.
Justice Department, August 17, 1981.

1573 wpuantitative Models in Crime Control." Journal of

Criminal Justice 1:185-217.

Barlow, R.E. and F. Proschan

1965 Mathematical Theory of Reliability, New York: Jonn Wiley

and Sons.

Blumstein, A. and J. Cohen
19789 wpstimation of Indivadual Crime Rates from Arrest Records”.

Journal of Criminal Law and Criminology 70:561-B5.

Biumstein, A., J.Cohen, P. Hsieh and N. Weiner
1982 "The Criminal Career and the Legitimate Economic Opportunity
Structure: The Effects of Unemployment on Drop-out from
Criminal Careers". Paper in progress, Urban Systems
Institute, School of Urban and Public Affairs, Carnegie-
Mellon University, Pittsburgh, PA 15213.

*

Blumstein, A. and E. Graddy
1582 "Prevalence and Recidavism in Index Arrests: A

Feedback Model." Law and Society Review 16:265-80.

Biumstein, A. and M.A. Greene
1978 "The Length of Criminal Careers". Preliminary Draft, Urban

Systems Institute, School of Urban and Public Affairs,
Carnegie~Mellon University, Pittsburgh, PA 15213.

Booth, E.
1929 Stealing Through Life. New York:Knopf.

Burger, W.E.
1881 Annual Address of U.S. Chief Justice to American Bar

Association as reported in New York Times. February 9,
1981, p. 1.

123

Chaiken, J. and M. Chaiken
1982 Varieties of Criminal Behavior. Draft report to
the National Institute of Justice, October 198l. Santa
Monica, California: Rand Corporation.

Christensen, R.
1967 "Projected Percentage of U.S. Population with Criminal
Arrest and Conviction Records," in The President's
Commission on Law and Enforcement and Administration of
Justice, Task Force Report: Science and Technology,
Appendix J. Washington, D.C.: U.S. Government Printing
Office.

Cellins, J.J.
1976 nChronic Offenders and Public Policy." Paper presented
Annual meetings of American Society of Criminclogy, 1976.

Cox, D.R.
1962 Renewal Theory. London: Methuern.

Danser, K.R. and J.H. Laub
1980 Analysis of Natipnal Crime Victimization Data to
Study Serious Delinguent Behavior, Monograph 4 - Juvenile
Criminal Behavior and Its Relation to Economic
Conditions. Washington, D.C.: U.S. Government
Printing Office.

Ehrlich, I.

1874  "Participation in Illegitimate Activities: An Economic
Analysis®" in G.S. Becker and W.M. Landes (eds.) Essays
in the Economics of Crime and Punishment [Reprinted
with corrections from (1973) JSournal of Political
Economy B81:521-67] New York: National Bureau of
Economic Research (distributed by Columbia University
Press).

£lliot, D.S. and S.5. Ageton ) .
1980 "Heconciling Race and, Class Differences in Self-Reported and
Official Estimates of Delinquency®. American Secciological
Review 45:95-110.

Elljot, D.S. and H.L. Voss

1974 Delinquency and Dropout. Lexington, Massachusetts:
Lexington Books, D.C. Heath Co.

Farrington, D.P.
1981  "The Prevalence of Convictions," British Journal of

-




124

Criminol 21:173.

Figher, F.X.
1870 wsTescs ©of Equality Between Sets of Coefficients in Two
Linear Regressions: An Expository Note." Econometrica
38:361-66. ’

Fleisher, B.

1966 The Economics of Delingquency. Chicago:
Quadrangle Books.

Ford, G.R. |
1975a “"Remarks of the President at the Yale Sesquicentennial
Convocation Dinner® Yale Law senool, April 25, 1875,

1975b "Message to Congress® June 18, 1975 as reported in
New York Times, June 20, 1875, P. 1.

1875¢c "Address to California State Legislature” September 5,
1975 as reported in New York Times, September 6, 1975,
p. 1.

Glaser, D. and K. Rice
1959 nCcrime, Age and Employment". American Sociolegical
Review 24:675-86.

Glueck, 5. and E. Glueck
1937 Later Criminal Careers. New York: The Commonwealth
Funa.

1840 Juvenile Delinguents Grown Up. New York: The
commonwealth Fund.

Gola, M.
1870 Delinguent Behavior in an American City. Belmont,
California: Brooks/Cole Publishing Company.

Goulda, L.C.
1969 nyho Defines Delinguency: A Comparison of Self-Reported

indices of Delinquency for Three Racial Groups". Social

problems 16:325-36.

Greenberg, D.
1975 »The Incapacitative Effect of Imprisonment: 5ome
Estimates". Law and Society Review 9:541-580.

125

Greene, M.RX.

1977 The Incapacitative Effect of Imprisonment Policies on
Crime. Ph.D. Dissertation, School of Urban and Public
Affairs, Carnegie-Mellon University.

Hindelang, M.J., T. Hirschi and J.G. Weis
1579 ncorrelates of Delingquency: The Illusion of Discrepancy
Between Self-Report and Official Measures”. American
Socioclogical Review 44:995-1014.

1981 Measuring Delinquency. Beverly Hills, California:
Sage Publications.

Hirschi, T.

1968 causes of Delingquency. Berkeley, California: University
of California Press.

Hoffman, P.B. and J.L. Beck

1974 »parole Decision Making: A Salient Factor Score".
Journal of Criminal Justice 2:195.

Little, A.

1865 nThe 'Prevalence' of Recorded Delinquency and Recidivism in
England and Wales,” American Sociological Review 3a0:260,

¥artin, J.B.

1952 My Life in Crime: The Autobiography of a
Professional Thief. MNew York: Knopf.

Mulvihill, D.J. and M.M. Tumin (with L.A. Curtis)
1969 Crimes of Violence, A Staff Report Submitted to the
National Commission on the Causes and-Preventicn of

violence. Washington, D.C.: U.S. Government Printing
Office.

National Council on Crime and Delinquency
1970 "Hidden Crime" Crime and Delinquency 2.

Normandeau, A.
1968 "Patterns in Robbery®. Criminologica.

Office of Criminal Justice Planning

1981 California Career Criminal Prosecution Program:
Third Annual Report to the Legislature. Sacramento,
California: California State Office of Criminal Justice
Planning.




126

Pennsylvania Bureau of Corrections

1881

1980 Annual Statistical Report. Camp Hill,
Pennsyivania, Pennsylvania Bureau of Corrections.

Peterson, M. and K.B. Braiker (with S. M. Polich)

1980

Doing Crime: A Survey of California Prison Inmates,

e St A T PP

Report R-2200~-DOJ. Santa Monica, Califcrnia: Rand
Corporation.

Phillips, L., H.L. Votey Jr. and H. HMaxwell

1872

President's
Justice
1967

Rao, C.R.
1873

Reiss, A.
1873

1980

ncrime, Youth and the Labor Market." Journal of
Political Economy B0:481-503.

Commission on Law Enforcement and Administration of

Task Force Report: Crime and Its Impact - An
Assessment. Washington, D.C.: U.S. Government Printing

Office.

Linear Statistical Inference sand It Applications
(2nd Edition). New York: John Wiley and Sons.

ngurveys of Self-Reported Delicts” Unpublished paper,
Deparument of Sociology, Yale Universaty.

Understanding Changes in Crime Rates™ in S. Fienberg
and A. Reiss (eds.) Indicators of Crime and Criminal

Justice: Quantitative Studies. washington, D.C.:
U.S. Department of Justice, Bureau of Justice statistics.

Reiss, A. and A. Rhodes

1953

Sagolyn, A.
18971

n3 Socio-Psyehological Study of Adolescent Conformity
and Deviance”, Washington, D.C.: U.S. Office of
Education.

The Crime of Robbery in the United Stxtes National
Institute of Law Enforcement and Criminal Justice Report,

_ United States Deparitment of Justice. Washington, D.C.:

Sellin, T.
1958

v.8. Government Printing Office.

wRecidivism and Maturation®. MNational Probation and
Parole Association Journal 4:241-250.

127

Shaw, C.R.

1930 The Jack Reller: A Delinquent Boy's Own Story.
Chicago: University of Chicago Press.

1531 The Natural History of a Delinquent Career.
Chicago: University of Chicago Press.

sShinnar, R. and S. Shinnar
1975 "The Effect of the Criminal Justice System on the Control
of Crime: A Quantitative Approach". Law and Society
Review 9:5B81~611.

Short, J.F., Jr. and F.I. Nye

1957 "Reported Behavior as a Criterion of Deviant Behavior"”.
Social Problems 5:207-213.

Short, J.F., Jr. and F.Il. Nye *
1958 "Extent of Unrecorded Juvenile Delinquency: Tentative

Conclusions”. Journal of Criminal Law, Criminoclogy and
Police Science 49:296~-302.

Singell, L.D.
1976 *An Examination of the Empirical Relationship Between
Unemployment and Juvenile Delinquency". American
Journal of Economics and Sociology 26:377-86.

Sutherland, E.
1937 The Professional Thief. Chicago: University of
Chicago Press.

U.S. Department of Commerce
ie79 Statistical Abstract of the United States 197S.
Washington, D.C.: U.S. Government Printing Office.

-

U.S. Department of Justice
1580 Characteristics of the Parole Population 1978.
Washington, D.C.: U.S. Government Printing Office.

-

van den Haag, E.
1975 Punishing Criminals. New York: Basic Books.

Votey, H.L., L. Phillips et al
1969  Economic Crimes: Their Generation, Deterrence and
Control. Springfield, Virginia: U.S. Clearinghouse,
Federal Science and Technical Information Service.




128

votey, H.L. and L. Phillips
1974 “The Control of Criminal Activity: An Economic

Analysis” in D. Glaser (ed.) Hanabook of Criminology.
chicago: Rand ¥McNally.

waldo, G.P. and T.G. cniricos
1872 nperceived Penal sanction and Self-Reported Delingquency:

A Neglected Approach to Deterrence Research.” Social
Problems 19:522~40.

williams, J.R. and X. Gold
1872 nFrom Delingquent Behavior to Official Delinquency“.

social Problems 20:209-29.

Wilsan. J.Qu
1575(a)"Lock 'Em Up". Kew York Times Magazine, March 9,
1975.

1975(b) Thinking Abcut Crime. Hew York: Basic BOoOkS.
1877 wChanging criminal Sentences". Harpers, November
1877,

wolfgang, M.E.
1978 npverview ©f Research into Violent Behavior."”

Testimony tt the DISPAC Subcommittee of the Committee ON
science and Technology, U.5. House of Representatives,

washington, D.C.

Wwolfgang, M.E. and ¥. Ferracuti
1967 The Subsulture of Yiolence. London: Tavastock.

wolfgang, M., R.M. Figlio, and T. Sellin

18972 pelinguency in & pirth Cohort. Chicago:
of Chicago Press.

University

woifgang. M.E.
1977 »From Boy to Man - From Delinguency to Crime®. Paper

prepared for National Symposium on serious Juvenile
Offenders.

e et o et et A s 4 S T e T 4.4,.,_

L




s

=3

b
.h 2
i
i<
Vl
i3
i
I E
P
i
!
;
i
{
i
§
i
i
:
H
i
o}
{
|
¥
H
H
i
L
!
3
L
AS
EY
H
!
iy
<
z
e g i Sk i it . e e b o o e i e i B K
- b ; — e &
T P e et S g ¢
€3






