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1.0 Il\'TRODUCTION 

1.1 CHARACTERIllNG CRIMINAL CAREERS 

When Iddressing the question of offending patterns, much of early criminological research 

focused on particular individuals. tracing the evolution of their patterns of criminality, or 

"criminal careers."i These studies provided interesting and often insightful reports on the 

individuals studied. There was, however, no indication that the experiences of these fascinating 

individuals could be generalized to the larger population of offenders - offenders who account 

f01 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 motivated by a concern for identifying the social and economic 

correlates of crime. a primary focus of this research has been estimating the prevalence of 

offender$ 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 ~ committed specified offenses in self-reports.:! These estimates of 

prevalence have been criticized because they are typically dominated by relativel~ minor 

offenses (e.g.. skipping school, smokins. 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 offenses in the population (Hindelang. et al.. 1979). 

Other estimates of the prevalence of offending arc available from officially recorded 

arrest and conviction histories. 3 These estimates use the number of first Irrests (or first 

convictions) at each age to estimate the probability of ever' being arrested (or I:olwicted) during 

a lifetime. Blum$tein and Graddy (1982), for example, estimate that 23% of males in large 

---------------------
ISome of the classics among these studies are Booth ·(1929), Shaw (1930 and 1931>, Sutherland 

(193"1) and Martin (1952). ..... 

2lbe 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 r~rch are found in 
Reiss (l973) and Hindelang et a1. (1979): The following represent only a small sample of the 
available research in this area: Short and Nye (1957 and. 1958), Reiss and Rhodes (1959), Gould 
(1969). Hirschi (1969), Gold (1970), Waldo Ind Chiricos (1972), Williams and Gold (1972), Elliot 
and Voss (1974), Elliot and Aleton (1980), Ind Hindelang et 11 (1981). 

Jsee Little (1965). Christensen (1967), Farrington (1981) and Blumstein and Graddy (1982). 

--



2 

U.S. cities will have an arrest for an index offense by age 55:' Sharp differences in the 

prevalence Df index arrests were found by race, with 51% of non-white males in Jarge cities 

expected to be arrested for an index offense by age 55 compared to only 14% of white males. 

These large differences in pre\'alence by race suggest that observed differences in race-specific 

arrest rates may be due predominantl)' to differences in participation. Jnd not 10 differences in 

the intensity of offending among active offenders. 

In addition to estimates of prevalence, there are estimates of aggregate population arrest 

rates. Figure 1. for example. shows age-specific population arrest rates. While these 

population arrest rates have changed in absolute magnitude (almost doubling between 1965 and 

1976), the pattern over age has persisted. with fifteen to seventeen 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 13k en as support for a belief that individual criminality declines with 

age, perhaps because of the aging process with its associated increa.sed maturity and/or 

declining vigor. 

Aggregate statistics of offending in the genera! population arc insufficierit to characterize 

the nature of indiv1dual offending for those who engage in criminal activitie.'.. Prevalence. for 

example, tells us nothing about the intensity or duration of that criminal involvement 

Likewise. the sharp fall-off in arrests with age might be due to changes in the intensity of 

011 enaing by active offenders or to reducLlons 10 the number of active offenders as indh'jdual 

offenders discontinue their criminal involvement 

It is only in the last decade that estimtl.tes have begun to be accumulated that characterize 

fundamental features of individual offending for large numbers of offenders. In separating the 

different aspects of individual offending. it is useful to conceptualize indi"idual 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 90mmitted (Figure 2). 

During a criminal career. the offender has a continuing propensity to commit crimes. 

accumulates some arrests, is sometimes convicted and less frequently is incarcerated. 

This characterization of an individual's criminal activity IS a "career" is not meant to 

imply that offenders derive their livelihood exclusively or even predominantly ftom crime. 

"The index offenses include homicide (murder and 'non-negligent manslaughter). rape. robbery. 
aggravated assaUlt, burglary. larceny of mor~ than $50. and auto thefL The index offenses 
were expanded in 1973 to include all larcenies regardless of value, and were augmented in 1981 
to include arson. 

Ii • 
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The 1965 arrest rates are taken from Table 1 of The Challen~ 
of Crime in a Free Society (p. 56). For 1976, the number ofre~rted 
arrests by age are from Table 32, Uniform Crime Report: 1976. POp" 
u1ation estimates by age for 1976 are available in Bulletin 643 of 
the Current Population Reports. 

Not all po1ic~ agencies report arrests to the rBI; in 197b, 
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. 
This ignores whatever differences there might be in the age distribution 
of the population in jurisdictions reporting to the FBI compared to 
that of the total population in 1976. 

For multi-year age categories (e.g., 25 to 29), the arrest rate 
is noted at the midpoint of the category 
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'l'be 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 

restric;.~ to subsequences of crimes which focus on selected crime types. For example. we 

may limit our attention to that portion of a criminal career involving only serious crimes by 

identifying L'1e 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 re~'Ilains 

criminally active), (2) the intensity of offending during a career, ). (i.e., the number of crimes 

committed per ye;!.r per active offender), and (3) the crime type mix (c.g.. the extent oi 

specialization or escalation to more serious crimes durmg 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 support of such a 

relationship while others find evidence to the contrary.s 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 influence 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 

C .. ' 5Sec, for example, Glaser and Rice (1959), Fleisher (1966), Singell (1967). Votey et al, (1969). 
Phillips et al. (1972), Ehrlich (1974), VOley and Phillips (1974) and Danser.' and Laub (1980). 
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popular crime control strategy.' Central to f:Stiroatcs of the crime-control effects of an 

incapacitation policy are empirk.al 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 

expected to geneiate a total of ). T crimes. Likewise, incarceration for a period of S years 

could potentially avert )'S of tbose 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 indh'iduaJ's crime rate and the length of J:&is criminal career: the higher the . 
individual's crime rate (>.) and the longer his career (T). the more crimes that can be averted 

through incapacitation. I 

One incapacitat.ive strategy cans for more certain ar.l~ Jonger imprisonment for offenders 

with prior criminal records as reflected. in "third-time-loser" or "habitual-offender" laws. But. 

jf indi\'idual crime rates (>.) were to decrease as criminal careers progress, there are fewer 

crime-reduction benefits to be pined 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) is also an lmportant consideration. Any incapacitative 

policy is effective in "verting crimes only if it is applied during a crimina] career when an 

offender would be committing crimes if not incarcerated. Continuing to incarcerate an 

offender aft:r the career ends - when no more crimes would be committed anyway - simply 

wastes limIted prison capacity, at least from the perspective of incapacitation. 

6See, for example. Wilson (1975a, 1975b and 1977). Ford (197Sa. 1975b. and 1975c). van den 
HMg (1975). and more recently. the calls for reform of bail release to permit pre-trial 
detention of "dangerous" defendants (Burger. 1981: Attorney General. 1981b) and the 
recommendations of the Attorney General's Task Force on Violent Crime 10 increase 
effectiveness in incarcerating career \~riminals through impro\'ed certification and prosecution 
programs (A Horney General. 1981a). 

7Focusing 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 an~' 
crimes committed while incarcerated. A more genera) \'iew 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 5imply be 
recruited from an available "labor market" 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 Rc~ss (l~80) for a more de:.ailed 
consideration of. tl!e potential impact of replacement and STouP offending patterns on 
incapacitation effccts.. 

\ 
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From the perspective of developing incarceration policies that maximize incapacitatitve 

~rrects. then. it is important to know bow Jonl criminal c;reers can be expected to last. and 

more importantly. to develop a capacity to estimate expected remaining career lengths from any 

point in a career. For example. if on the average Qreer lengths are quite short. this suggests 

a &encral policy of incarceration only for short periods of time in order to avoid the 

possibility of wasting prison capacity on individuals whose caret.rs have already ended. More 

precise determinations can be made with knowJedle of the expected remaining career length IS 

a function of time already in a career. TQ the extent that future career length is an 
I"" -

increasiru; function of time already in the career. (i.e.. the longer offenders have already been 

active, the lonler still they can be expected to continue), this would suggest marginally greater 

use of prison for offenders with lonser put careers because their future careers arc also like]y 

to be Jonler. 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 OS INDIVIDUAL CRIMINAL CAREERS 

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

. our und~rstanding 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 

indh'idual offenders cannot be monitored directly. some secondary form of observation and 

. inference is required to senerate estimates of criminal-carcer 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 direet information on criminal careers. but is subject to 

veraci~y errors resultinl from deception by the respondent IS well IS to recall errors in 

reportinl on events that may bave uccurrcd long ago. Recent studies of self-reported crime 

by prison inmates undertaken by the Rand Corporation (Peterson and BraiJcer. 1980; Chaiken 

and Chaiken. 1982). represent a major advance over earlier self-report studies (e.c.. -Williams 

and Gold. 1972) which provided only a limited view of criminal activity. Primarily motivated 

by a concern for levels of "hidden delinquency," or more precisely of "bidden delinquents." 

these early studies focused on the pre. .... alence of offenders in a population. None tried to 

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

sample populations Wet: inVariably school-ase children or college students. and the "crimes" 

surveyed were usually ~omillltcd by minot lcpl infractions (e.". skipping schua)). The Rand 

study is unique amonl self-report studies in its attention to developinc estimates for !&y!! 

I I 
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offenders. a concern"'for their rate of offendin&. and I focus on more serious index offenses. 
The use of self-reports from prison and jail inmates, however. limits their ability to 

extrapolate directly to more leneral offending populations. 

The other principal approach involves analysis of the ~ Eocess which is more often 
recorded reliably It the time of the event. The infonr.ation on arrests can then be used to 

yield inferences about the underlying crime process aeneratins the observed arrests, This 
approach involves usc of individual aTTest hisumes Jinkins I sequence or arrests to identified 
offenders. Analysis of these arresl histories ptovides direct characterization of the arrest 
process, Which is certainly of interest. but which requires I variety of assumptions about the 
"sampling" process by which some crimes r~ult 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 parametcr5 that characterize individual criminal careers -
indh'idual crime rates ().) and the length of the career (1). Estimating th~ value of A. the 
average annual rate at which individuals commit crimes, has been the subject of intensive 
exploration by tht authors usins arrest records (Blumstein and Cohen, 1979) and by others 
usine self-reports by prisoners (Peterson and Braiker, 1980; Chaiken and Chaiken, 1982). Both 
approaches have yielded resull$ that arc reasonably consistent. In particular. those offenders 
who are active in the crime type (i.e., those who reported committin&. or who were arrested at 
least once for the crime type) arc found tc commit an averase 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 ace," 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. 

Estimatint the duration of criminal careers is the prin~ipal focus of the present report. 
Despite the fundamental nature of this variable. prior research on. the length of criminal 

'Peterson and Braiker (1980) USing self-reported crime note that !2l!! crime rates for 
individuals tend to decrease with ase of the offender. This decrease with aSc. however. is 
apparently associated with a decline in the number of different crime types committed by 
older offenders. Controlling for crime type, older offenders report committing crimes at about 
the same rate IS younger offenders. Blumstein end Cohen (1979) also note that When the 
histories of all IrresleCS in • year are £)tamined, individual arrest rates, and inferentially their 
crime rates, decrease with agc. Controlling for birth cohorts. however. the rates arc found to 
be SLlbl~ over qe within a cohort, but more recent cohorts have higher stable crime rites than 
Qlder cohorts. 
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cnreeTS is much D\ore sparse than estimates of )., and even when available it is generally 
inadequate. 

A non-empiricat approach to cr.minal career length is available in Avi-Iuhak and Shinntr 
(1973). Primarily for reasons of mathematical tractability and with no empirical support. their 

stoclwtic model of criminal careers assumes criminal career lengths tt\ 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 IS reported in the Uniform Crime 

~rts: 1970. The career length is estimated from the average time between the first arrest 
in the record and the most rceent 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 i.' about nine years, While for all offenders 
(repeaters ahd first-ti1l1c aTTestees), the average time is reduced to about five years. 

Since the last arrest recorded in the data is not ncces.sarily the final arrest in an 
offender's career, tbese data represent on1y a partial career length. If career IC'llgths are 
exponentially distributed, however. this partial career length is m unbiased estimate of the total 

career Imf lh. Thus, by assuming career lengths to be exponentially distributed and adjusting 
for the time from first crime to first arr~t. and from final arrest to final crime. Shinnar and 
Shinnar 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 Shinaar and Shinnar paper. 

Greenberg (197S) uses a different ~pproach to estimate average Clreer lengths. If p is 
the average number of index arrests per year per offender, and T is the average career length 
for index offenses, N :III pT is the total expected number of index arrests in a completed 
criminal career. USing estimates of JI IiIC .S and N :r: pT = 2.S, Greenberg calculates the 
average index career length to be five years. Aside from issues relating to the validity of the 
individual estimates or p ind N used, the accuracy of the Grctnberg estimates rests on ,'arious 
steady-state assumptions or stationarity in the processes leneratins an active criminal population 
- assumptions that Ire 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 method outlined in 

Shinnar and Shinnar (l97S), Greene applies a life-table approach (derived from survival models 
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in reliability testing) "iD the age distribution of adult arrestees in a year to estimate the total 

length of criminal careers. The results suggest lbat ~ criminal careers for index offenses 

other than llrceny follow an exponential distribution between Iges 18 and .co with I mean total 

]enlth between 8 and 12 years. 

While representing an advance over earlier estimates. the Oreene results are still short of 

definitive. The validity of estimating the ClreeT length directly from the qe distribution of 

arrestecs in a single year rests strongly on the foUowing assumptions: 

1. All active offenders are equally likely to have at least one arrest in I year: 

2. All offenders begin their adult criminal careers at aBe 18: and 

3. The size of the orrender population each age is constant over time. 

The first assumption is intended to suarantec that the arrestees in I year Irc 

representative of the total active offender population. at least with r.cspect to age. The second 
assumption justifies using age, a. as a direct measure of time already in a career, t (i.e.. t I: a-
18). The last assumption addresses the poSsible non-stationarities in the size of the offender 

po.,ulation due to variatiDns in the size of the base population. in recruitment into criminal 

careers, and in the dropout process. 

The analysis in Oreene (1977) and Blumstein and Oreene (1978) indicates that the estimates 

of career length arc quite sensitive to violations of these assumptions. Under conditions of a 

declining probability of arrest with agc and lor of BTowth in the size of the offender 

population over time. just using the age distribution of arrestecs' in any year with its creater 

representation of young arreslCCS will underestimate the length of the career. E.ntry to 

crimi11al careers after ase 18. on the other hand. will lead to overestimates of a career length 

as arrrsts of older offenders are mistakenly interpreted as long careers. 

1.3 FOCUS OF nns STL'DY 

We propose to extend thc life-table approach introduced by Greene' to develop estimates 

of criminal career length that exp1i:itly address thc underlying assumption~ sta~ abp\'e. In 

particular. we will use several years of data in place of the sintle-year approach in order to 

consider explicitly variltiDns 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 IS procedures 

that restrict the analysiS to offenders who do begin their Idult careers at I common age will 

also be used. 

.' 
" 
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. . 
We will also ~evclop techniques for using data on ~ ratlier than arrestees to estimate 

career lengths. In contrast to the existing method of Greene which requires data on arrestecs 

- which are sencrally unavailable - the new method needs only data on ~ by age. which 

are well recorded. This generalization of the estimation technique to more widely available 

data wilt increase the potential for widespread use of the technique to lCDerate career-length 

estimates in the variety of jurisdictions rezulllrly recording annual arrcst data. 
.... 

Section 2 of this report details the basic method 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 opportunit~· to examine explicitly 

the stability of career-length estimates over time. 1!1e results of this test of stationarity are 

discussed in Section 3. along with an analysis of the seneral level of variability in career-length 

, estimates. 

A key aspect of criminal career length is residual ~ length, or the expected time 

remaininc in a career after baving 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 stratcBies based on past criminal record. The observation of declining. populztion 

arrest rates With aSe (Piaure 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 caretrS.1o It is clear from Fisure 1 that the number of individuals who are stilt 

criminally active after qe 30 is reJatively small. It is not clear. however. whether the 

expected future career len&th of those few who are still criminally active at ale 30 is also 

small. This kind of iss1JC is central in the use of information on residual career lengths for 
policy purposes. 

. 
Ase at first arrest. or It first conviction. bas often been cited as I factor associated with 

IfClter individual commitment to sustained subsequent criminal activity (e.8-. Sellin. 1958). To 

the extent that' ptis is found to be empirically substantiated for career lengths. ase at the start 

j 

toniis concern has been raised. for example. by administrators of career criminal pros:cution 
units where the avenle lie of targeted offenders bas been observed to be in the late twenties 
or early thirties. (National Workshop on the Career Criminal Sponsored by the National 
Institute of LAw Enforcement and Criminal Justice in Alexandria. Vircinia. September 1979). 
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of criminal careers represents another potential discriminating variable in developing 

incapaCitation strategies. This proposition is explicitly considered in the context of variations in 

criminal career length in Section S. Arrestces Ire partitioned by entry lie to their adult 

criminal careers and both length of total criminal careers and residual criminal careers are 

compared for different entry lies. 

Population l!fest rates exhibit very differ.mt pattcrn5 over age for different crime types. 

As illustrated in Fiaure 3, property offenses (buTglary. laTceny and auto theft) Ire chaTa~tcrized 

by very sharply peaked qe-spccific arrest rates per population •. whereas the Ige-specific arrest 

rateS fOf violent crimes (murder. rape and aggravated assault) decline much more slowly with 

Ige. This sug!ests that the duration of criminal careers may vary for different crime types. 

Ind be Shofter for property crimes than for violent crimes. This issue is examined in Section 

6. 

Section 7 summarizes the Tesults and discusses some policy implications of the findings on 

durations of criminal careers. 

2.0 ESTIMATIl'G THE DURATIOS OF CRIMISAL CAREERS 

The most direct approach to estimating the length of criminal careers would be to follow 

individual offenders 10ngitudinallYe Ind note the time elapsed bom start to end of I career. 

Such a lonsiwdinal approach. however. is not very well suited to crimin4l-car~r rtSC:I.:;h. To 

beBin with, there is considerble ambiguity in identifying the exact start and end t)f a criminal 

career. Since the crimes of an offender 11e rarely observed directly, they cannot be used to 

mark the start and end of I criminal career. Using the time between the first and last arrest 
as a proxy is likely to understate career length because it ignores undetected criminal Ictivity 

before and after these arrests. There is also uncertainty lbout identifying when the lISt arrest 

occurs. Offenders must be followed until their deaths to be sure of the time of the last 

arresL Furthermore. full careers are like~y to be Telatively long (10 to 15 years) and if we 

wait until we have a sample of completed careers. the resulting career-length estimates may be 

obsolete with respect to the behavior patterns of currently active criminal~. Thus. it is 

particularly desirable to develop procedures for cstimating career lengths indirectly on the basis 
of patterns of currently &Ctive offenders. 

Our basie approach to estimating duration of criminal careers derives from the obser't'ltion 

that the numbers of arrestccs in any year falls off dramatically with age. This fact is 

illustrated in Figure 4 showing the age distribution of arreslCCS for serious crimes in 

Washington, D.C. during 1973. This decrease in numbers with age is very similar to. but more 
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Male Arrest Rates by Age and 
Crime Type in S5 Large U.S. Cities in 1970

8 

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 rates are available in Appendix K. 

Property offenses include burglary. larceny and auto theft. 

d The peak rate il exprelsed a. arr~lts per 100,000 male population. 

e Violent offenses include homi~ide, repe. aud aggravated assault • 
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8 "cri"terion" arrestees include those adults art0.ted during 1973 
for the index offen.es of homicide, rape, robbery, aggravted Issault, 
burglary, and auto th~ft (i.e., arrestees for 811 ind~x offenses 
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.1J the drop-off in the general population 

with Ige reflects mortality rates It difrerent ages. These age-specific mortality rates, as well 

IS the consequent life expectancies for the population, can be estimated direct1y 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 reducecl numbers of older Ifrestee5 reflects a career equivalent of mortality, 

namely the dropout from criminal careers as active offenders terminate their criminal acti\'ity. 

This manifestation of the dropout process can be used to develop empirical estimatcs of 

dropout rAtes from criminal carom. IJ'id of the associated expected length of 'criminal careers. 

There are. however. factors other than dropout that affect the number of arrestees of 

each age that must be controlled in the estimates. Arre$tee5. like the rest of the population, 

are vulnerable to changing birth, death and migration ptOCesse5 that affect the size of different 

age cohorts. Some of the fall-c;ii in arrestees with age is simply a reflection of an increase 

in the size of more recent ':I1rth cohorts and of increased mortality with age. These more 

general population dynamics must be separated out before estimating career lengths. 

In estimating expected liretimes ror a population, age is a direct indicator or bow 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. Por a career that begins at age 

a. for example. mestces at age a will have been criminal1y active for x years where x :II: a-a. o p 

Age at which a criminal career starts is thus a critical variable in estimating career length rrom 

the age distribution or arrestet:s. 

Just as general populations are vulnerable to variations in birth and death processes over 

time, the difrerent age cohorts of Irrestees observed in a single year arc the product of 

potentially varying recruitment and dropout processes over time. Changcs in the proportion a)f 

birth cohorts that enter criminal careers, or cbanges in dropout rates rrom criminal activity 

over ti.'1'1e will differentia}ly affect the numbers of mestees at each igc. Increases in 

recruitment in recent years, for example, would result in disproportionately llrger numbers of 

youns Irrestee5 rerotive to old ITrestee5 round in I year. Such variations must also be 

considered wben estimatinl career length. 

. IIpot populltions that arc defined narrowly geographically, additional adjustments for 
mil1'atton into and out or ·the area are also required. 

--~_ .. ____ -' __ ,L~" _____ " __ ~~~~_~_ ....... _~ ______ ~ ______ .......o..._,~ ..... ___ _ 
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One final conJidcration is the degree 10 which the age distribution of Irrcstees is an 

adequate reflection of the age distribution of all active offenders. If the age distribution of 

arrestees is representative of that of an offenders. the career-length estimates obtained here 

wflJ represent the total length of criminal careers. Otherwise, the career length estimates 

accurately reflect the length of arrest careers (i.e.. the expected time from first to last arrest). 

Arrestees are reprcsen~tive of ICtive offenders in seneral with respect to age if the probability 

of at least one arrest in a year for offenders is stable over age. On the other hand. a 

decrease with age in arrest vulnerability would underestimlte criminal career length IS older 

offenders are underrepresented among arreslees, and vice-versa. 

. Building on the life-table approach 10 estimating mortality rates and expected lifetimes for 

a population, the age distribution of Irres1ecs is used 'to estimate dropout rates from criminal 

careers (analogous to mortality rate). the expected total length of criminal careers (analogous to 

the expected total lifetime at birth) and expected residual career lengths bnalogous to life 

expectancy It any age). The technical details involv~ in making these estimates are pro\'ided 

in Appendix A. Applying the estimates developed in Appendix A to the Ige distribution of 

arrestces, requires adjustments for: 

1. ,'ariations in the size of the base population each age: 

2. age at the S12rt of I 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 Irrested It least once in a 
year. 

Application of these adjustments to data on age-specific Irrests and Irrestees are 

considered individually below. 

2.1 E)ITESSIO~~S TO ARREST DATA 

Estimating career-length parameters ideally requires data on the number of distinct 

arrestees, or different persons arrested at each age in a year. While data on arreslees Irc rare, 

data on ~ by age are widely available. Because some people Ire arrested 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 arrestees. In this section, we examine the potential for 

adjusting arrest data to generate estimates of the number of individual &rrestees. 

... _. "-,.--.-~. 
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2.1.1 Convti'ting 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 arrestees to total 

arrests m a year. The necessary data on arrestees and their arrests were available to us for all 

adullS arrested for an index offense other than larceny in Washington. D.C. during 197:i. ' :! 

These c2ata included all arrests for each arrestee during the sample year. 

The arrestee-to-arrest ratio by age observed for each index offense type in WashingTon. 

D.C. during 1973 is presented in Figure S. alons with the best straight-line fit through the 

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

aggravated assault and larcenyl3 exhibiting increases in the ratio of arrestees to arrests with age. 

Th;s 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 especial1y evident for 

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

contrast. the remaining crime types have generaJ1y stable ratios over age. 

A principle focus of this research will be on estimating the durati:>n of index criminal 

careers - that is, the portion of a criminal career during which the more serious., index 

offenses are committed. This wUl require aggregating arrestees for the individual index offense 

types to yield the total number of index arrcstees. 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 

in\'olve 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 arreslees increases steadily with age 

indicating that younger offenders arc more likely to have arrests for more than one indf:x 

crime type in a year. 

2.1.2 General Utility of Conversion Factors 

The kind of data Jinking arrestees with their arrests used in Figures S and 6 are usually 

12These data were provided by the FBI from their computel'izr;:d crimin~l history rile. 

lsnte 1973 arrestee data are complete ror all index offenses other than larceny. In the case 
of larceny. only those larceny arrestees who are !!!Q arrested for some other index offcns;e 
during 1973 are included. Thus. the pattern of multiple ar:ests per arrestee for larceny ~s 
characteristic of larceny offenders who set arrested for other Index offenses IS well. and so It 
may not be representative of all larceny anesr.ees. 

, ; 
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not available. In terms of the acncral utility of the methods for estimating career length 

proposed here. it is important to assess bow useful the estimates derived in one place and time 

may be in other settinss. 

To explore the scneralizability of the arrcst-to-Irrest.ee conversion factors. data were 

obtained for adult arrcstccs in the state of Michigan during the years 19'14 through 1977.'~ The 

arrstee-lO-arrcst and unique-index-arrcstee ratios were estimated separately for four years in 

eleven larse counties in Michigan. J5 Thes:e ratios were rCJfessed apinst lIe (as in Fisurcs S and 

6) and the rcsultin~ regression coefficients were examined for stability over time and across 
jurisdictions. t. (See Appendix &) 

ComJ)lring across the four years 1974 to 1977 in each county revealed considerable 

stability over time in the arrestee-to-arrest ratios for individual crime types Ind in the 

proportion of unique index arrestecs. In comparisons for 88 separate ratios across time, only 

eight were found to have statistically significant time trends. These eight cases, howevCf. did 

not exhibit any distinctive pattern and a single combined test failed to reject the null 
hypothesis that all cighty-eight ratios are time stationary (p :: .08).'1 

While senerany stable over time (aL least for the four years studied). the values of the 

ratios did vary significantly across different counties in Micbigan (Appendix B). As in 

Washington. D.C.. the arrestee-to-arrest ratios were cenerally stable OVcf ale for murder. rape 
and auto theft. The mean value. however, varies from county to county. Also as in 

'''The data were apin obtained from the FBI's computerized criminal history tile and 
included all adults arrested in Michipn for an index offense other than larceny at some time 
from 1974 to 1977. This provided a complete inventory o( arrestccs for the selected crime 
types. Data on III arrests for the seJected arrestccs were included. 

'7hose counties with about 900 or more index arrests annually were selected. 

"A standard F-test suuested by Chow was used to compare the rcsul~J (rom an 
uncon!traineg resression (in which the parameters are estimated separately (or dit, .erent years. 

• Of different counties) with those of I constraine! resression (in which tile parameters are 
assumed to be equal in ail years. or in all counties). Sec Fisher (1970) or Rao <1973:281-4) for 
details of this test. 

"The test combines the individual p -levels of the separate P-tests to form the statistic: 
I , 

which is distributed IS X2 with 2k deerccs of freedom. The individual F-values and Pi). are 
reported in Appendix B. 

I 
J 
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Washington, D.C., the remaining crime types have positive trends over age in at least some of 

the counties, although the trends were not tn'csent in all counties. The proportion of unique 

index arrestees always has a distinct upward trend with age, but the int.ercept varies across the 

counties from .SS8 to .954. Washington, D.C. and Michigan arc also distinguished by different 

levels of multiple arrests. with Michigan arrcst.ecs ha\'ing fewer multiple arrests for indh'idual 

crime types and fewer arrests for multiple crime types in I year than were found in 

Washington, D.C. (See Appendix B~. 

Thus, there is strong 'Llbility in the ratios over time. but with some small variations 

across jurisdictions. As indicated in Appendix B. within the ranse of jurisdictional differences 

in the ratios observed in Michigan and Washington. 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 to arrestces in order to develop career-l!:ngth estimates for other jurisdictions. 

2.1.3 'Washington. D.C. Arrests 

To assess the variability in career-length estimates derived from arrests in a sinGle year. 

data on index arrests in Washinston. D.C. were obtained for seven separate years (1970 to 

1976).'· Unfortunately, the arrest data for each year were only reported for awcgated age 

!foup!' (e.g.. 25 to 29 year olds). While the career IcnBtn analysis focuses on each of the 

individual ages contained in these groups. Again. the detailed diLl for 1973 arrestees were 

used to disaggrcgate the number of arrests to each individual ase. (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 occurting after 

age 18). Also, we only consider the age distribution fpr index crimes. Ind the resulting length 

of index-crime careers (i.~. the period during which adult offenders commit index offenses). 

A tata1 adult criminal career. including .non-index offenses. will in !coeral be longer than the 

indcx-crime career. 

2.1.4' Final Estimates or Arrestees 

The agc-spceific numbers of ~ for CI.ch index offense available in section 2.1.3 were 

first multiplied by tbe arrestce-lO-arrest ratios estimated in sectio~ 2.1.1 to yield arrestees for 

each index offense type. Summing over an index offense types provides a first estimate of 

lantcsc 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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total index arrestees of lie a in year 1. Because the same individual may be counted more than . . 
oncc if he is arrested for' mdre than one index offense type in a year, however, this simple 

sum overestimates index arrestces. To correct for this multiple counting. we multiply by the 

proportion of unique index arrcstees estimated in section 2.1.1. This yields the final estimate 
of the number of index arrestees of each age a in year L 19 

. 

To lCDer&lC estimates of ~e career length variabJes, the resulting data on the age 

distribution of arrestees must be adjusted to bring the data into conformity with the analytical 

assumptions identified in section 2.0 and Appendix A. In partiCUlar. we must assure that the 

arrestees at eal:h age are representative of the larger group of offenders of that age, that the 

effects associated with different sizes of birth cohorts arc removed, and that age becomes a 

reliable measure of time already spent in a criminal c;,reer. We will explore each of these 

issues in tum. testing the validity of the assumptions in some cases and adjusting the arrestee . 
estimates in others. 

2.2 REPRESENTATIVENESS OF ARRESI'EES 

The first assumption requires that the probability of at least one. arrest in a year does not 

\'ary with aBc. In other words, the individual arrest rate (the number of arrests per year per 

active affcnder) must be constant over IgC. A higher arrest rate for certain age groups would 

increase the representation of these ale STouPS among arrestees and bias the career length 

estimates. Previous analysis of arrest-history data for Washington. D.C. offers some 

preliminary empirical evidence to stipport the· assumption of stationarity· over ase within a . 
cohort of offenders (Blumstein and Cohen. 1979). There was, however. evidence of variations 

in arrest rates across different cohorts for some crime ty.pes (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 O. 

2.3 CORRECTION FOR V ARIATIl1SS iN THE SIZE OF m,E BASE POPt:LA TlON 

In measuring criminal career length and dropout from car~ USing the Ige distribution 
of arrestces. we must control for the changes in the number of arrestecs each age that arc due 

to changing birth, death and migration patterns in the base population. To control for the 

influence of these base-populalion variations, we take the ratio of arreslees to the base 

l'For Ai(a.t) - the number of arrests for each index crime type i at aBe a in year t. k (a) -
the ratio of arrestces-to-aTrests by age for index type i, and mea) - the proportion of unique 
index arrestces by age among the sum of arrestecs for individual index types, the final estimate 
of the total number of index arrestec.s It age a in year t is given by: 

NCa.t) I: mea) 1:. ki(l) AI( .. t). 
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population at each age. The resulting arrestees m ca&pita at each age normalizes the age

specific Dumbers of arrestees with respect to the size of the base population at each agc. This 

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

migration to the extent that the birth. death and migration patterns of offenders arc like those 

of the senera1 population. 

As indicated in TAble 1. index arrestees in Washington. D.C. Arc predominantly non-white 

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

males by age in Washington, D.C. each yeat. With the exception of 1970 when the delailed 

results from the decennial population census are a\'ailable. the annual population figures are 

,av4ilable only for aggregate ISC If'OU~ The ,required population estimates for sincle ages in 

each year after 1970 were generated using the procedure for distributing JX)pulation age "oups 

over the individual ages described in Appendix D. 

2.4 CORRECTIOS FOR LATE E!\'TRY 1!\70 CRIMINAL CAREERS 

The career-length analysis requires some means of esthnating the time already elapsed in a 

criminal career from the observed age. a. of arrest.ces. If an offenders becin their adult index 

careers at the same age, a. then time in the career for an offender age a is just x :: a-a, 
~ r 

To identify a. we need data on the ase a1 first index arrest for arrcstees. The 1973 arrestee 
I) 

dala provides a basis for determining the age of the first adult index aTTest for the 1973 

... rres~ The analysis is restricted to adult criminal careers. in part because thc:sc data UU Dul 

contain information on juvenile arrests. The earliest ale at which adult index careers can 

'begin is 18. so we begin by setting aCt = 18. 

Two different approaches could be used to assure that the index aTTestccs included in the 

analysis were indeed active as index offenders at age 18: 

1, All adult index careers could be assumed to begin at ale 18. regardless of the age at 
first index arrest; or 

2. The analysis could focus on only those offen"'ers who do have an index arrest on or 
before some threshold age b. ' 

The first approach includes all arrestces in the analysis. While the bulk of adult index 

Table 1 

Distribution of Arrests and Arrestee! 
in Washington, D.C. by Race and Sex 

* criterion Arrests: 

Year '- Male .,. Nonwhite '- Nonwhite Males 

1970 93.4 93.0 86.8 
1971 93.3 94.6 87.9 
1972 91.3 93.6 85.4 
1973 ,91.1 94.8 86.3 
1974 90.8 93.8 83.9 
1975 93.2 95.3 N.A. 
1976 92.0 96.2 N.A. 

Average 92.2 94.5 86.1 

Criterion Arrestees: ** 

1~73 89.7 91.8 83.8 

N.A. - Not Available. 

* . Derived from tables reported in the Annual Reports of the 
Metropolitan Police Department, Washington, D.C. Criterion arrests 
inc Iud ft' arrelta for homicide, rape, robbery, aggravated a •• ault, 
burglary and auto theft. 

The percentagea prelented are based on arrests for all ~. 
When'adulta could be identified leparately,the percent nofiwnIte was 
an average of 1.S percentage pointl Ie .. for & .even-year average of 
93.~ and the perclnt male val an average of 1.3 percentage points 
le •• for a aeven-year average of 90.91.. 

** Derived from the F.B.I. computerized criminal bistory file of 
individual adult arreateel for criterion offenles in Wa.hington, D.C, 
durins 1973. 
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• d 8 20 ClreefS 0 start It 'age 1, ,there are nevertheless some adult offenders who do not begin 

their adult index careers until well after age 18. Failure to exclude these late starters from an 

analysis that assumes I" = 18 for aU arrestees will overestimate the career length by mistakenly 

attributing long careers to individuals whose first adult Irrests occur at older Iges. Approach 

(2) reduces the overestimation bias due to these late starters by restricting the analysis only 10 

Irrestees who m more likely to have Slarted their adull index Clreers at 18 . . 
The 1973 arrutee data provide estimates of the proportion, Pb(a), of 1973 arrestees It 

each age a who had their first adult index arrest be~ween age 18 and some cut-off threshold 

age. b. By assu.1Jling stationarity in Pb(a) over time. these proportions can be applied to the 

annual arrestees per capita each age available from section 2.3 to eliminate those Irreslees who 

do not have an index arrest until Ifter age b. 

The use of a threshold age. b. to identify 18-year-cld starters involves two types of 

error: 

1. Errors of Omission: missing a true 18-year-old starter who fails to ha\'e an index 
arrest between ages 18 and b, Ind 

2. Errors of C1:>mmission: mistakenly identifying someone who has a first index arrest as 
late as ase b as baving started It age 18. . 

As b increases. errors of omission decrease whHc errors of commission increase. For am' 
given value of b. when these two error rates arc uniform at every Ise, with either the sam~ 
proportion of missing true starters at each age I, o~ the same proportion of mistakenly 

identified Jale starters at each age L the Ige distribution of arrestees and the resulting career" 

2t1=ollow-ups ~yond age 18 of the Philadelphia birth cohort (Wolfgang el al. 1972) indicate 
that of adults WIth arrest records between the Iges of 18 Ind 22. 75% Also had juvenile arrest 
recor~s ('Yolfgang. 1977). When followed to Ige 30. 60% of adults with Irrest records also 
had Juvent~e arrest records (Collins. 1976). This continuity of offending between juvenile and 
adult crimmal careers also appears to be more prevalent among non-whites. In the follow-up 
to age 22 (Wolfgang. 1977). 65% of white adult orfenders also had juvenile arrest records 
compared to 8390 of non-whIte ldult offenders. 

Q, 
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length estimates are not biased.21 

When the error rates 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 bCcome more likely. If Dlder offenders are more vulnerable to 

type (1) errors in year t (perhaps because older arrestees have had lower Irrest 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 arreslees in the age 

distribution and lead to underestimates of career length. These type (t) 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 arrestces arc mistakenly identified as active at 

alC 18. This increases the representati~n of older arrestces 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 sensitivity 

of the resulting career-length estimates to pI(ticular 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 arrestces are presented in Figure 7. This figure 

shows that the lower the threshhold age b, the smaller the fraction of arrestets at any age a 

who satisfy the "oarly-starter" criterion. The observed values of P b (a) were smoothed by 

fitting an exponential function through the points beyond the respective b thresholds, with . 
Pb(x) lilt tlCfJ .. where ~ lilt a-b. 

The smoothed Pb(a) functions resulting from these lcast-square estimates Ire also presented 

in Figure 7 •. 

:UFor the same error rate e at every age a. and n the observed number of 18-year-old 
starters at each age .. the true number of 18-year-olcl starters, n *, is n 1(1+e). This leaves 
the ale distribution unchanged at." I' 

g(a) 
* n n n I(l+e) 

a a ~a~~ __ 
• in • ~n'll • ~na/(l+e) 

a a a 

an~ the career-length estimates arc not affected when the error rates arc uniform at every age. 
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loS ADJUSTMENT FOR STABLE RECRUITMENT AND DROPOUT OVER TIME 

In the wt adjustment to the arrestee variable, the number of mestees per capita 

<!enerated ,in section 2.3) was multiplied by 'b(a} (aerived in section 2.4) to eliminate late 

entrants to criminal careers. Using this adjusted variable to reflect the qe distri~ution of 

arrestees in a year. dropout rates (r(a», mean residual career lengths (,.(a)), and mean total 

career length (n can be estimated from equaticms (A4). (AS). and (A9) in Appendix A. 

In accord with the life-table procedures. we would like to be able to use the age 

distribution of arrestees in a single Y~!.J to estimate the career-length variables. This requires 

stable recruitment and dropout processes over the different cohorts. When estimating career

length parameters using data from a single year 1. the adjusted numbers of arrestees per capita 

each ase. N(a.tJ. actually come from different cohorts: those who are age I in year t began 

their careers at qe 18 in year t-{a-18). Thus the final adjustment to the number of arrestees 

must account for any chanses in recruitment amoDg these different cohorts. Failure to adjust 

N(a.t) for growth (or decline) in recruitment across different cohorts will result in biased 

estimates of the car~-length parameters. Wben there is srowth in reeruiurient. for example . 

the dropout rate will be ~estimated and career length will be ~estimated because of the 

sreater !epresentation in year t of younger people from more recent cohorts. 

If ali offenders be&in their adull careers at qe 18. then the ratio N(18.t+lUNU8,t) = 
k (18) fok" It (18»1 is a measure of srow1l.h (or decline if It (18)<1) in remntment between t and , , , 
t+1. A value of unity for this ratio. il!ldicates stable recruitment rates from year to year. In 

Appendix E. the recruitment ratio k (a) is examined separately for each qe 18. 19 and 20 over , 
the period 19'10 to 1976. This analysis provided no evidence of any systematic time U'end in 

the It,(a) ratio, and the mean of k,(a) is never significantly different from the stable value of 

unity. The reeruitm~t rat~ appears to have been reasonably sable, at least over the seven 

years, 1970 to 1976. Thus. the analysis of criminal-career length using the annual age 

disUibution of mestces will not be adjusted for ehanges in recruitment. Since recruitment 

patterns for the earUer cohorts (those who bepn their careers before 1970) could not be 

explicitly examined with the available data. however, they may possibl)' have had different 

recruitment rates; any potential bias this might introduce in the car~r-lenBth estimates will be 

considered in section 4.2. ' 

Aside from stable recruitmC1llt. the use of I smslt year's data to cstiml'te career-length 

variables also requires stable dropout over time. If the dropout rate is increasing for more 

recent cohorts. then the number of arrestees ase a in year t is likely to overestimate the 

expected number of UTestees who would reach ase a' under the higher dropout rate prevailing 

--~--,-''-'--~. ~-----~....L.....,~ __ 
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in year L The dropout rates estimated from"'a single year's' data, then would underestimate the 

true dropout rate prevailing in year L The extent of this bias will be explicitly considered in 

section 3 by exa.'1lining the stability of the career-length estimates derived for each year 1970 

to 1976. 

2.6 SMOOTHING THE DATA 

All the career-length variables depend be~l\'i1y on point estimates of thc proportion of 

arrestec5 It different ages, g(a). and also on differences between gCa) at adjacent ages (g'(a) = 
g(a)-g(a+1». Sampling mor generates variance in the i(a) estimates distributed around thc true 

g(a) distribution. While this error may be small and acceptable with respett to the g(a) "alues, 

the error in the estimates of j"(a) is much more sensitive to those sampling errors. anc so is 

more severe. Since the estimates of dropout rates are highly sensitive to the differences 

between g(a), even T~nab]e errors in i(a) can lead to sizeable errors in the estimates of 

g'(a). and hence ;rl the estimated dropout rates, na) = -i'(a)/s(a) (as derived in Appendix A). 

Tbis problem can be reduced by first smoothing the observed i(a) distribution to reduce 

the size of the errors around the true g(a). Figure 8 presents the observed ita) for index 

arreslecs per population for one year in Washington, D.C.. IDd the smooth~ i(a) obtained. by 

taking the average value of g(a) for the three-point neighborhood around ~(a).:2To further 

reduce the impact of the bors remaining in the smoothed sCa), i'(a) is estimated by the slope 

of the regression line fil through the smoothed i(a) in the k-poinr neighborhood around i(a) 

(for k = 3. S, 7, 9. 11). 

2.7 SESSITIVIT\' OF THE CAREER-LE~GTH ESTIMATES TO TIlE YARIOVS 
ADJUSTMESTS TO THE DATA. 

The primary data for this career-length analysis were the m'ln~l 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 tile estimates of the career-length variables to 

each of the various adjustmG;Dts discussed above was explored by estimating career length from 

the age distribution obtained after eacb adjusttnent to the data. Table 2 compares the resulting 

~i(a) = :i:18(X)/3. Using a Jarger neighborhood around i(a) will result in I still smoother 
g(a) distribuiion. A three-point neighborhood was chosen to get some smoothing. while 
maintainins a substantial influence of the observed i(a) value on the smoothed 8'(a) value. 
Other possible transformations of the data might include: 

a+2 ,.. 
1: i<x)/6'" 8(a)/6, a five-point smoothing with a double weight for g(a) itself. 

x-a-2 

_______________ _____________ J ___ > ___________________________ • ______ -'" _______ .......J-__ _ 
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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).2' 

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 S.6 yurs long (Table 2). This is 

considerably shorter than the 10 to IS year career length estimited 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 tesidual carcer-lensth estimates at younger '-i'!'"S are most 

sensitive to the COlTc:ctions. Beyond age 50, 011 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 

arrestecs has relatively Jess impact on the career-length estirnaleS. Indeed. using the original 
arrest data (with no adju:;tments) instead of the transformed atTestee data would underestimate 

the career length by about 1S% (TabJe 2). 

In loing from arrests to arres\eeS. there arc more multiple arrests per arrestee. as well as 

more multiple index crime types per arreste at younler ages.' These adjustments thus remove 
disproportionatley more offenders at younger ages in the age distribution. thus dri\,ing the 

career-length estimates up somewhat. The population correction adjusts for the BTeater number 

of younger people in the seneral population and drives the career-length estimates even higher. 

Also after the population correction. the peak gf the mean residual career length in Figure 9 

appears to be at age 28 (or after ten years into the career) inst.c:ad of age 40 (or twenty-two 
years into the carc;er). 

The late-starter correction eliminates people who do not start adult index careers until 

after age 18. This removes many older arrestces. especially older first-time arrestees. who 

would otherwise have been treated as if their r.aTeers 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. th~ sreatet the decrease in the 

career-length estimates. Excluding peopJe with a first index arrest after age 20 (b :: 20) results 

in I shorter career-Jength estimate (T :II: 5.6 years) than excluding only those with a first index 
arrest after Ise 25, b :: 25 (T = 9.4 years). 

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

2'The age distributions. sea), underlying all estimates in Table 2 and Figure 9 arc smoothed 
by averaging over the three-point neighborhood around each SCa) . 
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Table 2 

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

Estimated 
Estimating Mean Total 

Adjustment Popula.tion Career Length T 
(Years) 

Percentage Change 
Between Estimates 

-1. None Distribution of 9.6 1-

Ind2x Arrests 

2. Conversion Age Distribution of 10.3 - +6.2% -
()f Arrests Index Arrestees 
to Arrestees (with multiple +15.5% 
(Arrestee to counting) 
Arrest Ratio +8.77. 

I.: -(Multiple Age Distribution of 11.2 
Crime Type Unique Index Arres-. +25.9% 
Ratio) tees 

3. Changes in Age Distribution of 14.1 :. - -
Base Arr.stees/Population 
Population 

4. Eliminating -33.37. 
Late Starter! 

- -41.87. b • 25 Age Distribution of 9.4 
Arresteas/Population I 18-25 year old 
starters only 

-Age Distribution of 8.2 b • 23 
Arrestees/Population -60.3% 
18-23 year old 
starters only 

b • 20 ASe Distribution of 
Arrestees/Population 

5.6 -
. 18-20 year old 

starters only 

-'" 
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seriously underestimates the' career lcnSth, while failure to adjust for late-:startcrs seriously 

~estimalCS the career length. especially It younger ages. 

3.0 VARIABILITY IN CAREER-LENGnI ESTIMATES FROM ANNUAL DATA 

Seven yelrs of data (1970 to 1976) were used to generate separate career-length estimates. 

These multiple estimates provide an opportunity to explore the senera! level of variability in 

the estimates, IS 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 :II: 20). In the figure, 

the 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.lmean) in the estimated residual career length of 8.190 . 

The luSest coefficient of variation in residual career length is found at ages <46 to 49 where it 

ranlts from 13.1 to 17.S%' The mean total index career length of S.6 years has a standard 

deviation of .s8 years for a coefficient of variation of 9.S90. 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. 2" 

The estimaLet. for individual years were also used to explore any time trCl~ds in career 

length over time. With the seneral increa51e in crime rates experienced over the l%O't and 

1970's, one misht expect to find that offel!ders who started careers more recently (i.e.. those 
from later cohorts) have more endurins criminal careers. This would be reflec~ b)' a 

positive time trend in the career-length estimates. To tr.st for the presence of such trends. th~ 

mean residual career-length estimates for each year 1. l' ,(a). were analyzed for time trends for 

each aBe separately.:5 As indicated in Appendix J. the l' ,(a) are cenerally stable over time with 

no detectable monot.onic increases or decreases in career length between 1970 and 1976. The 

one clear exceptibn to this pattern is a decline in meL'! residual career length with time for 

ales 2S to 29. 

Arrestees of ages 2S 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 

241n all cases. separate analyses for each of the seven years mirrored the results obtained 
based on the seven-year average of the number of arrestees per population at each age. Only 
the results based on the seven-year average of the age distribution are presented. 

25Simple regressions with l' ,(a) := Q + fJ t + f fDr each age a were used to assess the. 
presence of any linear time trends (reflecteCs in t~e masnitudc of B.> in the mean, residual 
carec:r length over the period 1970 to 1976. 
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1%9), a period of substantial' increases in the index crime rate (crimes/population).26 The 

decline in career letJgth for these offenders is thus somewh~t surprising. This period of 

decline in career length. however. also corresponds preciseJy to laes with a significant increase 

in the number of arresteeS per population between 1970 and 1976 (Appendix J). The increases 

in the number of arrest.ees at ages 2S to 29 Without corresponding increases over time at older 

ages IS wen. increases the portion of the age distribution found at ages 2S to 29 relative to the 

portion found at older ages in each subsequent year. This increasing differential in the age 

distribution between mest.ees ages 2S to 29 and those of older ages results in increases in the 

dropout rate over time and decreases in the associated residual career length estimated for ages 

2S to 29. The changes over time in career length observed for ages 2S 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 

involvemenL The number of arrcstees ages 2S 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

stationarity for the estimates of the career-length variables over aac will be discussed in section 

4.2. 

4.0 VARIATIONS IN CAREER-LE~Grn VARIABLES W!TII TIME ALREADY 
r~LAPSED 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). 1f 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 

offenders drop out It earJ, '!CSt leaving behind the more seriously committed offenders, then 
':(x) could wen 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 ales when it is decreasing. 

Any intennediate ages when r(x) is It a maximum would be prime occasions for intervention 

for reasons of incapacitation. 

2'Tbc index crime rate increased an avtirage 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 orfendClr5 whose adult index careers start at .sc 18 (I :I: 18), time already in a 
o 

career (x) is obtained directly from Ise Ca> with x :I: I-a. Figure 11 pjiescnl5 the estimated 
o 

dropout rate from index careers It each ase (duration) for those with a first adult index arrest 

between ages 18 and 20. The dropout rate exhibits a pattern common U) life expe=tancics of 

human populations and many m~hanical systems, namely a period of "breaJc-in" with high 

failure rates It early ag~. folJowed by • period of relative stability, leading finally to I period 

of more rapid "wear-out." 

Figure 12 displays the mean residual career length associaled with these dropout raleS. As 

dropout ra.tes decrease in the carll' years of a career, the mean residual career, or the expe=ted 

time remaining in " careeT, increases in length. This is followed by a period of relatively 

stable residual career lengths. Finally, during the period of increasing dropout raleS. the 

expected time remaining in careers sets shorter. 

During the first period. the dropout rate rea) d~reases and the mean residual career

length 7'(a) increases with increasing time in a career. As those with short careers and high 

dropout rates dr'op OU1 carll' in index careers. the remaining o,ffender population is increasingly 

left with more hard-core, committed offenders - those with l.onger IVerlle index careers. The 

weeding out process continues until about age 30. or 12 yeurs after the start of adult index 

careers. 

DUring period II (approximately ages 30 to 42), the drrjpout rate and mean residual career 

length arc more stable. During that period. the dropout rate is It a minimum. and the 

expected tirne remaining in the career is longest at about ten additional years. regardless of the 

prior dUration of careers. Whether one has 12 ycars already in a career or 24 years. the 

expected llmc remaining in index criminal careers is about the same. 

Afte:r age 42. the "wear-out" process begins: !hIe dropout rate increases and lhe mean 

residual career-length d~rc:ases with increasing time in the career. This increasing rate of 

dropout from index careers during this period may be associated with aging and particularly 

d~re&seS in the vigor and stamina necessary for sllStaining index crimes. To some extent. 

mortality may account for a portion of this srowing dropout rale, especially if index offenders 

are found to have much higher mortality rates complred to the !Cnera1 population. 

From the perspective of crime control policy, those adult 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 to be the most persistent 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 CRIMISAL 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 rales in the first period. constant 

dropout rates in the second. and exponentially increasing dropout rates in the last period. 

for x • a - a o (1) 

The values of coefficients a. and b(i := 1. 2. 3) in eq. (1) are estimated by regression through 
I I 

the obserVed r(x) data points.:!'7 The normalization factor.:!· K. is then estimated by numerical 

integration with: 

. 
Having estimates of the parameters, a. b(i = 1. 2. 3). and K. the predicted values of g(x) 

I I 

and 1-o(x) can be numerically evaluated for all values of 1 using eq (2). These quantities can 

then be used in eqs. (A6) and (AS) to yield the predicted mean residual career length r(x). 

as..r.ocia1ed with the nx) function in eq. (1). Figure 13 presents the estimated regression lines 

2'710 estimating a
i 

and b
l 

from the observed r(x), we do not require continuity of -the rex) 
function. For the exponentially cbansinl rex) in periods 1 and 3, the estimating cquatian is 
!n(r(x» = !nb, + I x (i • 1.3). while for constant nx), l., • 0 and b2 is the mean value of 
rex) over the mterV.I x. to x

2
' The a.ssoc:iated I(X) function is. however, constrained to be 

continuous through the addition of the appropriate constlnts in each segment of the g(x) 
function. 

:!ane factor K normalizes the predicted values of g(x) to sum to 1. thus assuring that g(x) is 
a proper probability dcr&sity function. 
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through r(x).29 and the resultins parI1'lueter estimates for those arrestees mOlit likely to have 

started their index careers at Ise 18 (i.e.. those with an index arrest between ages 18 and 20. b 

:c 20). As indicated in Figure 14. the resultins predicted mean residual career length is a good 

fit to the estimate from the Irrest observations. 

Similar three-period models of the dropout rate were estimated for those Irres1eeS with a 

first adult index arrest 'between Iges 21 and 23 (a II: 21> and those first arrested between ISes 
o 

24 and 25 (a II: 24). The fits between the mean residual career lengths tstimated from the 
o 

observed IBe disttibution and !hose from the model of dropout rates for these different 

starting ages are presented in Fisures IS and 16. Reprdless of the starting agc. adult index 

careers appear to be modeled reasonably well by I "break-in" period with exponentially 

decreasing dropout rates, folJowed by I period of relatively stable dropout rate. followed 

finally by a "wear-out" period with exponentially increasing dropout rates. 

4.2 FACTORS POT£l\"ALLV AFFECTING RESIDtAL CAREER LE!'GnI 
ESTIMATES. 

All of the analysis so far bas assumed that the probabili1y of at least one arrest in a )!ear 

is stable for offenders of different lies. It is important that arrest probabilities be stable 

with lie to assure that the Irrestees' Ife a representative sample- of all active offenders. at least 

with respect to age. There Ire, however, several flctors that might introduce lIe variations 

into this arrest probability. These include: 

1. A cohan effect where, for example, more recent cohorts of offenders might have 
higher arrest rates resultins in the young~r arrestees in a Single year's cross-section 
having higher arrest probabilities; 

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

3. Differences in time served by age - the STeater the time served. the less time the 
offender is available to generate an arrest in 5 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 

aces among mestees beyond their representation amons active offenders. A higher arrest 

probability for younger offenders. tor example. overstates the relative portion of young ages 

found among arrestees. and yieJds 2!!:!estimates of the dropout rate and ~estimates of the 

residual career length. 

29In both Fisures 11 and 13, the dropout rate rex) is presented on a semi-log scaJe on which 
exponential functions appear as straight lines. 
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Figure 17 presents one possible pattern of age variations in the probability of at least one 

arrest in a year for offenders. It reflects a 8eneral 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 factors. 3D 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 ill arrest probability from about age 23 to age 30 prDposed 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 G. Failure to adjust the age 

distribution of arrcstees for age variations like those found in Figure 17 would result in 

underestimates of the mean residual career length. With thc actual residual career length having 

even sharper increases and decreases with age in periods J and III than are currently estimated. 

5.0 VARIATIO~S IN CAREER LE~GTH WITH AGE AT THE START OF ADL'LT 
CRIMISAL CAREERS 

Previous research has explored the degree to which ag~ at the start of criminal careers 

affects the level of future criminal activity.ll Using the proportion of offenders who recidivate 

by some time 1, 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 ratc at which active offenders commit crimes. 

Thus. younger starters m~ght 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) th~y commit crimes at a higher rat~ than older starters and so are more likely to 

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

lISee, for example, Glueck and Glueck (1937 and 1940), Sellin (1958), Presidents'S Q)mmission 
(1967), Mulvihill, !:! al. (1969) and Hoifman and Beck (1974). 
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have a recidivist event by time t. Th: analysis of career length reported 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 at age 24 

(i.e., having their first adult index arrest at ages 24 aT 25).3:: Table 3 reports the distribution, 

of arrestees ov~r these starting-age groups. Almost half of tile adult arrestees have a first 

adult index arrest between 'ages 18 and 20. but almost one-third do not begin their adult index 

careers until after afe 25. 

The mean total career length for different starting ages is also reported in 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 five years for 18-year

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 withou\\ any immediate 

behavorial interpretation. One possible explanation is differences in the crime-type mix of 

32To get the number of 18-year-old starters among iurcstees at each age, the product 
n(a)P20(a) was used; 21-year-old starters were obtained from n(a)(P

23
(a) - P~o(a» and 24-year·· 

old starters from n(a)(P2S(a) - P23(a». • 
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different starling cohorts. Older starters may engage predominantly in those index crime types 

characterized ~y longer carec:rs. In this event. if crime type were controtJed. we might expect 

to find a consistent pattern of residual career length over different starting ages. This issue 15 

explored in the next section. 

6.0 VARIA TIO~S IS CAREER LE~Gm BY CRIME TYPE 

Significant differences in age have been ubserved amonE arrestecs for different index 

crime types (Figure 19). The most dramatic differences are between robbery and aggravated 

3.SSau]t. with robbery arrestees being younger. and those arrested for asgravate.d assault scm "rally 

older. These age differences could have profound implications for the career lengths associated 

with different crime types.H A predominance of young people in the age distribution for a 

crime type means that car:cr5 for that crime type are likely to be short. while a greater 

presence of older people suggests longer career lengths. Arrestecs for different crime types. 

however, also differ in the age of their first adult index arrest, with robbery aTrestccs being 

the youngest when first arrested. and aggravated assault arrestccs being the oldest. These 

differences in age at first arrest might (ul1y account for the differences in the age distribution 

for different crime types with older arrestccs also starting their careers much later. In th1s 

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 fOT different type crime types. 

The Washington, D.C. data were used to examine career length for etch of the index 

offenses separately. The age distribution of arrestees per population (or each crime type 

(except larceny) are available from the analysis in Sectlon 2.1.)4 The resulting age distributions. 

331n this crime-specific analysis of career length. the resulting career length by crime type 
refers to the average perioc during which offenders engage in a particular crime type. The 
full index career length (or offenders will. in general. be longer than the length for anyone 
index crime type as offenders switch amon! the different crime t)'pes. The career length for 
robber),. then. refers to the average period during which robberies occur, and !!.Q! to the total 
car!::r length of individuals who ever commit robberies. 

J4larceny is excluded from the crime-spec·ific analysis because the Irrest 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 arc included in the data. and they may not be 
representative of larceny arrestees in general. 
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g(a). by crime type are presented in Figure 19,H where the greater represe!ltation of younger 

arresteeS for the property crimes of robbery. burglary and auto theft. and the higher 

proportion of older IrresleCS for murder and aggravated assault are apparent. 

To estimate the caTccr-lcngth variables. late-st4rlcr adjustments were estimated separately 

for the arrestces in each crime type using the 1973 arrestee data. The Tesulting proportions of 

Irrestees for each crime type who had a first adult arrest for any index offense before 

threshold age b (b = 20. 23 and 25) arc 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 resulting mean residual career lengths for each crime type for 18-year-old starters 

are presented in Figures 20 to 22. Three distinct career-length patterns are e\'ident among the 

crime iy.pes.36 For the property crimes of burglary, aUlO theft and robbery, C2.eer length is 

characterized by an early "break-in" period. a period of relative stability, a~ld 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 ail older ages (Figure 21). For aggravated assault, residual 

careers increase sharply to a peak in the first few years of the car~r and then steadily dechne 

with age (Figure 22). 

Even after controlling for age at the start of careers. significant differences remain among 

the crime types. Aggravated assault has the longest career of the index crime types with a 

mean total career length of ]0.3 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 

35Because the number of arrestces at anyone age for a crime type is often quite small 
(N<S). additional data aguegation '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 variation in the estimates of the career-length \'ariables. To minlli1lze 
this variation, the already smoothed age distribution was additionatly smoothed past age 35 by 
breaking ages into S-year intervals and assigning the average value of n(a) for the inter\'a! to 
the midpoint age in U1at interval. 

36Note, the same general career-length patterns were found for different crime types when 
the adjustment for late-starters is based on having an adult arrest for the ~ crime type 
before age threshold b. The resulting residual caretr lengths. however. do differ in magl1ltude 
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 arc eliminated. then. aggravated assault is the 

most enduring crime type. Those offenders who begin index careers at age 18 and who an: 

arrested for aggravated assault while young can be expected to have long careers of aggravated 

assault arrests. These younger assaulters arc thus prime targets for crime control strategies I() 

reduce aggravated assault. 

The property crimes of auto theft. burglary and robbery have the shortest mean total 

careers, ranging from 4 to S years. However. individuals with very short property crime 

careers tend to ~ weeded out during the early years of the career. Arrest~ for property 

crimes who have already been active from 15 to 2S 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. Offend:rs arrested for property crimes during their 30's are thus prime 

candidates for strategies to reduce property crimes. Younger and older arrestcCS for property 

crimes are more likely to discontinue offending in these crime types more quickly. 

Robbery has traditionally been linked wi~h violent offenses.3' mile robbery is properly 

viewed as violent from the perspective of the victim (because the risk of physical harm is a 

salient consideration), this characterization appears to be inappropriate from the perspective of 

the offender. lior whom instrumental concerns for monetary gain are more salient. A number 

of studies havle challenged the view ~hat robbery is principally a violent offense. In a review 

of literature em 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 yesidual 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 2S y~rs 

37See, for example, Wolfgang and Ferracuti (1967). Mulvihill. et !! (1969), Elliot and Agelon 
(1980), and the FBI's annual Uniform Crime Report, which has included robbery in the violent 
inpex rate since 1%8. 
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(to age 43 for 18-year-old starters), Duril'lg 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 to 

discontinue violent offenses within the next year as is an offender with 25 years already in the 

career. The expected remaining career begins to decline with age only after about 2S years 
already in a career. 

When the crime-type-specific mean total career length is compared over the diff eren t 

starting ages (in Table 4). a consistent pattern for each crime type emerges. Older starters 

have shorter total careers. There arc aiso sharp differences in the incidence of early starting 

for different crime types. Arrestees for the property crimes (robbery. burglary and auto theft) 

are predominantly early starters. ranging from 53% of burglary arrcstees 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 arrestee5 start their adult careers between ages 18 and 20. 

The differences in career length for different crime types should affect the pattern of 

crime-type switching between arrests as careers progress. To th: extent that aggravated assault 

i~ a more enduring offense that is committed over longer periods of time during criminal 

careers. one would expect to observe more switching into aggrava~ed assault as careers get 
longer. 

To examine the crime-type switching patterns 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 ~tjjacent pairs of arrests from these arrest histories where p 
I) 

is the probability of switching to an arrest for crime type j after an arrest for crime type i. 3B 

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 S. 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 

31To 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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careers (as was seen in Fig. 18). It was suggested in Section S that this pattern might be due 

to different crime type mixes among the different starting-age cohorts. In particular. 

offenders starting at older ages may be more likely to ha've arrests 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 ~ increasingly represented among index arrestees as the starting 

age increases. 

This difference in crime-type mix for ",fferent starting ages. however, does not account 

for the difference in residual career length observed for LOtal 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 to 

that found for index careers combined. In particular. for murder. rape. aggra\'ated assault and 

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

careers. It is only in careers for burglary and auto theft that younger starters tend to have 

longer remaining careers throughout these caret:TS. 

The finding that older starters have 10n~er careers among those who remain a(;tive at least 

seven years is produced by differences in the distribution of career lengths within each 

starting-age group. Younger starters have the longest total careers. as is evident in Figure 24 

where younger staf'ters have a greater proportion with careers at least x years long U-F(x».39 

As seen in rows 2 and 3 of Table 6, after eliminating those with short c;areers in each 

starting-age group. however. a higher proportion of the remaining older starters have tOilg 

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 younger starters. 

The mr..an residual career length can be modeled separate1y for each crime type. As was 

done for all index offenses combined in section 4. a model is first developed for the dropout 

fate; the mean residual career length is then estimated from that model. The mean resIdual 

career lengths estimated f.fom the age distribution and those fit by models for each crime type 

39The proportion of offenders with carccrs at least x yurs long is given by l-F(x) = g(x)T. 
This is estimated here using the observed age distribution of arrestecs ,(x) and the estimate of 
total career length. T. for different starting ages. 
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• • c • 24 to 25 Year Old Starters 

~ 21 to 23 > 18 to 20 

~ 24 to 25 > 18 to 20 
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Years Already in a Career (x • a • ao) 

Figure 24 

Distribution of Arrestee; With !ndex 
Careers at Least x Years Long (l-F(x»B for 

Different Starting Ages 

• The proportion of offenders with careers at least Y. years 
long is g1,ven by I-F(x) • S(x)T in eq.( AD. 11tis is estimated 
from the observed age diltribution of arrestees g(a) and the 
elttmateB of total career" length, T, for different starting ages. 

1. 

2. 

. 
! 
I 

I 
3. 

! . 

4. 

.. 
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Table 6 

Distribution of Arrestees With 
Long Index Careers for Different Starting Ages 

Proportion of Arrestees 
St~rting Age 

With Long Car~ers 18 21 24 

Proportion of arrestees who last 
at least 5 years given they last 
at least 1 year: 

l-F~52 * I l-F(l) 34.5% 26.9% 12.2% 
I 

Proportion of arrestees who last 
at least 15 years given they last 
at least 5 years: I 

I-F~15~ 
I 

I-F(S) 29.2% 37.7% 60.2% 

Proportion of arrestees who last 
I 

I 
at least 25 years given they last 
at least 15 years: 

l-F~252 I l-F(15) 47.0% 48.1% 55.7% 

i 
Proportion of arrestee! who last I at least 35 years given they last 
at least 25 years: 

. l-F(35) 
I-F(2S) 45.1% 47.5% 45.2% 

* The proportion of arrestees with careers at least x years long 
i. given by I-F(x) • g(x)T in eq. (Al). This is estimated here 
using the observed age distribution of arrestees, g(x), and the 
estimates of total career length, T, for different Jtarting ages. 
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Irc presented in Figures 25 10 27. All modeis Ire special cases of the general model used 

earlier in which the dropout rate first decreases" exponentially, then stabilizes ~t a constant 

,value and is finally follo'Ned by I period of exponential1y increasing dropout rates. As seen in 

Figure 25. the property crimes oj burglary. auto theft and robbery follow 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 entire career in the underlymg 

model. For I!t'ravated assaUlt, there is no middle period of stable dropout: instead the 

dropout rate first decreases exponentially Ind then increases exponentially (Flt,ure 27). These 

models do reasonably well in repr:senting the mean residuat career length for each crime type. 

7.0 COSCLUS10SS 

A number of distinctive features of adult index criminal careers have been suggested by 

this analysis of arrest data for Washington. D.C. First. adult criminal careers for ipde>. 

offenses tend to start early. with ~C;C of adult index arresr.ces havins 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 staTting also "aries somewhat for diff erent crime types. Early starting is especlally 

prcvalent among arrCSlee5 for property crimes (robbery. burglary Ind auto theft) where 54% of 

burglary arrestees and 669'0 of robbery arrestces started their careers with an index arrest 

between the ages of 16 and 20 (Table 4). Th:s contrzsts Wlth only 27% of aggravated-assault 

arrestees starting tlleir careers between 18 and 20. 

Total adult index careers are also quite shon. averaging from only 3.3 years for 24-year

old starlers up to 5.6 years (or 18-year-old starters (Table 3). Careers arc similarly short for 

indl\'idual crime types. Property crimes have the shor\est careers Iveraging 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 tile expected time remammg in car~rs. vary considerabl) wah 

the time already elapsed in I career (Figure 12). Early in index careers the expected ttme 

remaining in z career increases as past duration in a career increases. This reflects a weedms 

out of offenders with hi", dropout rates (and short lOlal 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 stable at about 10 additional years until age 

42, (for 18-year-old startcrs). During this period of stabili!ly. past time spent in careers is of 

little help in distinguishing future expected index careers. A thirty-year-old who has been 

\I 
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active twelve years since age 18 is just IS likely to end his career in the next year as is a 

forty-year-old who has been active for 22 years.'o After age 42 index careers enter a "wear

Ollt" 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 

patterns for the individual property offenses of burglary. robber}' 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 2S years into a career (i.e .. between ages 33 and 

43 for 18-year-old starters). 

Adult career lengths were also compared for different ages at the start of adult careers, 

Consistent with previous research on recividism. younger starters were found to be more 

persistent offenders: for all index crime types. both separately a •• d when combined. those 

offenders who begin adult careers at younger ages have longer total careers. The difference in 

career length for different starting ages is generally small for the propert)' crimes (robber~. 
burglary and auto theft) and for all index offenses combined. ranging fTom only a 1.3 year 

difference for auto theft ~o a 2.3 year difference for all index offenses combined. Starting 

age has a more dramatic impact for murder and aggra\,ated 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 len21h have implications for incapacitation policies. 

From an incapacitative perspective. incarceration is only effective in averting crimes when it is 

applied during an active career: incarceration after 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 offend'ers most likely to reInalD 

criminally active during periods of incarceration. 

Under existing sentencing policies. offenders at the start of adult careers (i.e.. at their 

first adult conviction) are typically not candidates for incarceration. Based on the analysiS of 

~is stability of dropout rates for different durations of careers is characteristic of the 
memorylessness property of exponential distributions where the dropout raUl remains the same 
regardless of prior history. After controlling for natural population cha1lges resulting from 
births, deaths. and migration and for late entry into criminal caf~rs. the length of adult index 
careers seems to be exponentially distributed only for those index offenders who remain active 
at least 12 to 24 years (i.e .• from 30 to 42 for 18-year-old starters). This thus represents an 
important refinement to Shinnar and Shinnar (1975) which assumes an' exponential distribuuon 
for the length of; all careers. and to Blumswin and Qreene (1978) where without corrections 
for late starters they find an exponentially distributed career length from ages 18 to 40 . . 
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residual career le~gths, this prevailing policy is consistent with a strategy of targeting 

incarceration on offenders when their expected remaining careers are longest. For all index 

offenses combined and for the property offenses in.dividual1y, the offender population at the 

start of careers includes large portions of offenders who will ~nd 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 easjly 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 offenses 

separately is 6 to 8 additional years reached after IS 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 to 

many offenders who are likely to drop out shortly anyway. 

This finding has implications for the design of special career-criminal programs intended 

to target resources of the criminal justice system on offenders with serious prior criminal 

records. Because the selection criteria for special career criminal programs typically involve 

extensive past criminal records as adults. the average age of target populations tends to be in 

the late twenties and sometimes the early thirties.41 Largely informed by the sharp decline with 

age in aggregate arrest rates illustrated in Figure 1. many people involved in the 

implementati-;>n of career cTimina! programs have expressed concern about the older age of 

these target llOpulations 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 

co~lcern 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 expetted 

"'Por example, in the evaluation of California's statewide caree;-criminal prosecution 
program, the I,verage age of the careet-criminal defendant was 28 in each of three years of 
program operation. (Office of Criminal Justice Planning, 1981. p. 81.) . 

42Th' • ~~_..a IS VIew ~~ expr~ by many. of the participants at the Special National Workshop on 
the Career Crimmal held by the Natlonal Institute of Law Enforcement and Criminal JUStice 
O.S. ,Department of Justice in September, 1979, and is noted in Office of Criminal Justic~ 
Planmng (1981. p. 81). 

__________________ ~ ________ ~ ______ ~.~._t _ 
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remaining c..lreers. The violent offenses of murder and rape Ire Ilso still at their maximum 

remaining careers for offenders in their late twenties and early thirties. Only aggravated 

assault. which is rarely a larget offense of criminal-career programs, has passsed its peal: 

remaining career length by the late twenties. 

The average remaining career length tends to be quite short for 18-year-old staTters. For 

all index offenses combined. the maximum is an average of 10 addition&l years. For property 

offenses individually. the maximum remainin£ career averages only 6 to 8 additional y~rs. 

The generally short length of these remaining careers ,means that reasonable incapacitative 

impacts are possible with comparatively short periods of incarceration. Time served in prIson 

'on a sentence averages around two years in the United States.'3 Two-year terms of 

incarceration represent from one-fifth to one-third of the maximum expected remaining careers 

for index offenses combined and for property offenses individually. To the extent that these 

careers are not merely postponed by incarceration. reasonably large portions of those careers 

~n be averted (with minimal riSK of wasting incapacitation) by two-year prison terms imposerj 

during the period of maximum residual careers .• This strategy is particularly attractive ~ause 
the payoff in reduced crimes by those offenders who are incarcerated ;~ achieved at a 

reasonable cost in terms of prison resources expended.'" Because remaining careers for 

aggravated assault arc considerably longer, short prison terms impact a smaller fraction of the 

remaining careers for persisters in aggra\'ated assault. 

'3In Pennsvlvania in 1980. for example, a"erage time served in prison was 2.18 years 
(Pennsylvania· Bureau of Corrections. 1981). Persons released to parole supervision from stat~ 
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 seT\'ed for unconditional 
relea.st"..5 is generally lower than that for parole releases, the average time served for all releases 
in 1977 will be somewhat 1e$S than 2.25 years, An approximation of this average time served 
can be obtained by dividing &dmissions to state and federal prisons into the daily prison 
population that year. In 1977 the estimated Iverage time served is 2.17 years. (U.S, 
Department of Commerce. 1979. Table 332). 

"Note that the persisters Ire only a small portion of the total offending population. so the 
reduction in total crimes committed from incapacitating persisters may not be large. The 
reduction in crimes is reduced further if the crimes of incarcerated offenders occur anyway. 
e.g.. through recruitment of I replacement for the incarcerated offender of through the 
continued activit~ of multiple-offender STouPS· 
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APPENDIX A 

The Mathematical Model Underlying Estimates of the 
Duration of Criminal Careers 

~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 arrestecs 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-I. 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 timc-or the length of the career elapsed by time LUnder 

certain well-spec:ified assumptions the distribution of survival times available in a cross-section 

can be used tq estimate the length of complete careers. In other words. total career length 

can be estimated from the distribution of partially completed careers avaiJable from the age 
distribution of arrcstecs in a year."~ 

At. THE AGE DISTRIBL"TIO!': OF ARRESTEES 

Under various ~tcady-state conditions. the duration of criminal careers for a cohort of 

offenders beginning their careers at a common age. a
o

' in some year y can be empirically 

estimated by examining the age distribution of arrestecs 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 year does not vary with the age 
of active offenders: 

2. The size of the offender population for each age is constant over different cohorts: 
and 

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

When these assumptions arc satisfied: 

'srhe basic approach applied here to the age distribution can also be used with the 
distribution of prior arrests to estimate the expected dropout rate and the expected remaimng 
number of arrests after exactly x arrests in a career. The application to prior arrests is 
illustrated in Appendix I. 

--
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1. Arrestees are representative of all active offe::nders with rcspec~ to age:46 

2. All cohorts of offenders are indistinguishable in terms of career lengths:'" and 

3. The age of arrestees in a year. a, directly indicates the length of" time already in a 
career (i.e.. x = a - a ). 

II 

In this event the observed age distribution of arrcst.ees if. a year. g(a-a). is just the 
I' 

distribution of time already elapsed in a career. g(x), The distribution for time atreaciy elapsed 

in a career is related to the distribution of total careers, L. as follows: 

g(x) = g(a-a) = [l-P{x» IT. 
o 

(AI) 

where F and T refer to the distribution of total career lengths. L ... • In particular • 

f(X} • probability that careers last exactly x years, 

l-F (x) 1& SC: f (y) c!1y 

• prObability that careers last at least x years, and 

46B)' 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 respeet 12 !,SS, th~ esumated 
career-length variables refer to the true 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 
bounded by the first and last arrest. 

"'Cohorts arc indistinguishable whcn 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 an)' one 
cohort. 

"'The length of criminal careers may be viewed as a renewal process where the start and end 
of I eareer are the renewal events and the time between these events (i.e .• the length of a 
career) is the renewal period. L. We assume that L is independent and identically distributed 
across indiVidual offenders. Now o~rving the process at some time t. the time that has 
elapsed since the last renewal event O.e .• the time already spent in a career) is known as the 
backward recurrence tim~. In the limit. the probability density function for the backward 
recurrence time is liven by equation (Al). See Cox (1962) for further details on the derivation 
of this expression. 

,« i' 
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& expecte~ (or mean) total career length. 

The age distribution s(a-a) = Sb'). is empirically estimated as: 

ita-a) = N(a)/IMAX N(i) 
~ .. ~ 

(I 

where g(a-a) simply gives the proportion of 10 tal arrestces in a year who are each age 1..11 

A2. THE DROPOCT RATE 

(A2) 

The dropout rate from criminal careers reflects the ponion of remaining active offenders 

that end their criminal careers (i.e., permanently cease any crimmal activity) each year. The 

d3'opout rale at each year in a career. r(x), is a function of the distribution of lotal career 
lengths. L. and is defined as: 

rex) ;: fb:)/[1-F(X)J 5o 
(A3) 

Combining the relations in equations (Al) and (A3). the dropout rate c~n be expressed 

exclusively in terms of the age distribution of arrestecs. namely 

rex) ::. -g'(x) I gex) (A4) 

where g'(,,) is the first derivative of BeX). 

491n the f!1ost. &~neral .~ &(a-ao) • N(a)/~ N(i). However. since death represents a 
~at~raJ termmatlon. of, crImInal careers, a finite maximum, MAX, can be used IS the upper 
bmlt for the lac dIstrIbution of arrestces. 

Ideally ~e value or, MAX would itself be estimated from the data. For simplicity in the 
current ~ltmates, however, we have set MAX :: 62 reflecting the usual MAX age at arrest 
?bserved tn the data. ~ote that USC of a constant MAX means that all careers end by age 62 
10 the career-length estImates generated here. 

5°Barlow and Proschan (1965). 
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Using equation (A4), then, ~e 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. gf(X). at x. 

A3. THE MEA!' RESIDUAL CAREER LENGTH 

By analogy with the definition of the dropout rate associated with the career-length 

distribution (x) in eq (A3). we can also define the hazard rate (or failure rate) associated Wllh 

the age distribution. g(x), as: 

h(x) = g(x)/[l-G(x)J 

which is empirically estimated by: 
,.. 
hex) = N(a)/IMAX N(i) .-. 

substituting from eq (Al) into eq (AS) we find that: 

f,(y.,)::. I-Fl'f.)/ J;.(JO['-Fl(j'>l~:: ~-Pty.) -
l' -r J;. [1-Fly'>"1 ~ 

(AS) 

(A6) 

(A7) 

Equation (A 7) is just the reciprocal of the mean residual career length given a career lasts at 

least x years, i.e., tht: expccwl time remaining in a career after x years have already elapsed in 

a career. Therefore, the mean residual career length at any age, ·,.(a), can be estimat~ from 

the age distribution of arrestecs as: 

;(a) = lIh(a) = ,;MA'N(i)/N(a) .-. 
A4. THE MEA~ TOTAL CAREER LESGTH 

(AS) 

The last variable of interest is the mean total career length. T. In general the eX?Ccled 

value is given by: 

T = roo [l-F(x) Jdx. 
Q)~ 

In this case, the desired. expected value can be estimated USing equation (A 7). 

For x :: 0 (i,e •• at the start of a career), equation (A 7) becomes 

h(O) :: [l-F(O)]/S~ [l-F(x))dx :I: lIT 
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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.e .• at age a ). 
C' (A9) 
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APPENDIX B 

Tests for Stationarity of Arrestee-to" Arrest Ratios 
and Uoique-Index-Arrestee Ratios in Micbil:ao C011.oties 

The results from Washington. D.C. pose a relationship of the arrcstee-to-arrest ratio or 

the proportion of unique index arTcstee5 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 U5e 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 unconstraineq regression (in which the 

parameters are estimated separately for different years. 01' i~r different counties) with the 

residuals of a constrained regression (in which the param~ters art assumed to be equal in all 

years. or in all counties.)H The F-statistic is computed from the residuals as: 
(R - R )/[(N-k) - (N-mk)] 

F. c u 
R /(N-mk) 

u 
where R = sum of squared residUals of the constral.ned re9ression; c 

R = sum of squared residuals of the unconstrained re9r~ssl.on; 
u 

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 re9ression8 

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

~ stationarity. The arrestee-lo-arrestee ratio for ~ch index crime type and the proportion. 

of unique index lrrestees were individually' regressed on age in eath Michigan·. County. The 

test compares the resi~u.als in regressions where the parameters are constrained to be equal over 

time. with those obtained when the parameters Ire estimated separately for each year. A 

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

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

i 
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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 test the hypothesis that all ratios in Table B-1 are time stational'Y. the p values in 
I 

Table B-1 were used to form Pearson's PA stalistic (Rao. 1913: p. 168-169) 

p = IL - Un p = 192.548 A ,oJ. , 

which is distributed ~~ with 2k degrees of freedom. The probability of a X:! value at least 

this large. with 166 degrees of freedom. is .076. 

To test for jurisdictional stationarity, the ratios for the four years combined were 

regressed on age. The residuals when the parameters for different jurisdictions we)'e 

constrained to be equal arc then compared to the residuals when the parameters are estimated 

separately in each jurisdiction. The variations in age patterns ~ counties are more 

substantial. with significant (or near significant) differc:nces found for every ratio in Table ~-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 sensitivity of the career-length estimates to variations in the arrCSlee-to

arrest ratios an.d the unique-index-arrestce 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 alternati\'e raties were 

larger in value and had flatter slopes Cit there was a trend detected), The alternative ratios 

are listed in Table B-4. 

The resulting mean residual career lengths are prc..~nted in Figures B-1 and B-2. USing 

only the Irrestee-to-arr~l ratios for indj\'iduai crime types yields total index arrCSleec; With 

multiple counting of arrestces. The resulting career-length estimates for. "multiple" index 

Irrest.ees in Washjngton, 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 Jess 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-artest ratios and the unique-index-arrcstee ratios were 
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Tab tt' 8-1 

Tests of Tim~ StAtionarity: F-Statistics and Approximate p-Va1ups 

-
Proportion ~rrpstce-to-Arrcst R3tlo by CriMe Type 

Unique 
" Index A8Rr~vatrd 

Ancstees Murder Rnpe Robbrr), Assault JurRlary Larceny 

F- .J77 (6,J49) N/,,(3) F-J. 126 (6,52) r-6.91U (6,51) r· .154 (6,126) y- .712 (6,71) r- .455 (6,55) 
p- .875 p- .26 p. ,0005*" r- .60 p. .60 p- .8] 

F- .496 (6.128) F-l. )Ii} (6,25) r-2.208 (6,43) r-I.OI4 (6,54) r- .921 (6,105) F-l.721 (6,71) r- :682 (6,52) 
p. .RO p- ·.29 ,,- .01 p •• 45 ,,- .50 p- .125 p- .6r, 

F- .854 (6,J16) r-l.419 (6,83) F-2.147 (6,91) F-2.5B8 (6,90' r·"1~6 (6,165) F-Z.OO9 (6,U2) f-l.421 (6,79) 
p- .51 p- .20 p. .06 p. .01* ,,- .11 p- .065 p •• 19 

r- .818 (6,141) HIA F- .912 (6,4B) F- • 1.19 (6,67) F- .4)1 (6,10) F- .556 (6,85' F-l.rJ7a (6,61) 
p- .525 p- .. 50 p- .R5 ,,- .82 p- .80 p- .42 

F- .408 (6,138) HIA r- .268 (6,46) F- .hl5 (6,56) r- .118 (6,111) F- .51U {6,B4) r-I.508 (6,61) 
p- .85 p- .95 ,,- .75 p- .62 p- .80 p- .17 

F-J. 745 (6,127) H/A F- .144 (6,)8) F-).116 1fi,56) F-Z.292 (6,10) F- .Q07 (6,11) f-2.fiOO.(6,S7) 
p- .11 p- • SS p- .003- r- .04· p. .SO p- .025 

F- .639 (6,157) F- .818 (6,4) r-I.641 (6.91) ) rIO .10 (6,66) F- .286 (6,124) F- .1)2 (6,94) F- .443 (6,10) 
P- .69 p- .55 p" .11 'I'- .9) 1''' .<)4 p- .6) p- .825 

F- .~oo (6,150) r-' .792 (6,~8) r- .619 (6,76) F- .600 (6,12) r- .581 (6,1l8) .. - .47t. (6,104) F- .(,SO (6,69) 
p- .80 . 

P" .62 1'- .11 p. .14 p- .75 1'- .1I'i .,- .67 

... .2]] (6,166) r-1.0)5 (6,17) r-2."11,~6,8Z) r-1. 1'1(6,8Z) F-1.091 (6,142 r- .921 (6,lt1) F-I.1I6 (6,1t) 
p. .96 p- .42 (I" .OJS p- .25 1'- .45 ,,- .4'i r- .21 

r- .812 (6,J25) r- .7fllJ (6,)11) F""721t (6,56) "-2.121 (6,511) F-I.O)<) (*,,101) .. - .111) (h,71) .. - .foJ7 (6,0;/\) 
p. .49 p. • 58 p" .11 P" .06 ,," .41 p. .98 p- .70; 

r-I.S96 (6,192) r- • )',2 (6,1',1) r .. .1011 {fi,1I7) F"1. ,.64 (", 17 ft) r,. .7111 (I •• lftl) r· .4ft7 (fI,I"}) r .. I.4",. (",/\Q\ 

P" .It. p- .11., "., ,Hf', r" .111 r" . '>4 I'· ./14 "- .111 -------, ~ ... -- ... _----,----- -- _ ...... __ ..... _.---.. .. -.- ....... _---...... _-
(a) Not ap",lIrab'r - IIt.·fI' '" "" voIr 1..1,1111 In .h,· rollin ,II .111. 
• SIKnlfl<anl III .11', ".\1"\ 
.. !i'".nff', 'lOt nt .111 1.'\11" 

U. SIron' II.· .. ". at .flOI '.'\11" 

Auto 
Theft 

HIA 

f· .515 (6,31) 
p- .78 

"-1.365 (6,54) 
p" .23 

r- .686 (6,45) 
p- .64 

r- .672 ($,28, 
p- .65 

F-l.149 (6,25) 
p. .49 

.. - .718 (6,51) 
p- .525 

.. -2.111, (Ci,411) 
p- .025-

r- .421 (6,61) 
p- .1175 

r· .965 (6,3l) 
p • .4/\ 

r-2.706 (6,lIa) 
p- .OZ' 

00 • .... 
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Proportion 
Unique 
Index 

Arrestee! 

F-4.2f}6*** 
(22,548) 

, 

.~------~- -- ._------------ -- ---

Table 8-2 

Tests of Jurisdictional Stationarity -- F-Statistics 

--
Arr.~t.e-to-Arr~~t Rstio 

Murder Rape Robberv 

io"-3.076*** F-1.603* F-2.016 "if 
(22,328) (22,385) (22,319) 

+Signif1cant 
*Slgnlf1cant 

**Slgn1ficant 
***Slgnlficant 

.10 level 

.05 level 
,01 level 
.001 level 

Aggravated 
Assault BurJ!larv 

F-l.716* F-2.850*** 
(22,520) (22,389) 

Auto 
Larceny Theft 

F-1.603* F-1.510+ 
(22,303) (22,242) 

c:b 
N 

. i 
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Jurhdlctlon 

Wa.b. D.C. 
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Kent 
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Oakland 

Washtena" 
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Table B-3 

Jurisdictional Differences in th~ Regressions on Age 
for the Arrcstee-to-Arrest and Unique Arrestee Ratioe 

Proportion 
Unique Index 

Arrest-eel HurtleI' 

.759+.00368'*· Ase r .. .917 

.928+.00111'" ARe I' .. 1.000 

.861+.ooJ71·'* Ase r .. .919 - -

.875+.00111· ... ARe .~8]-.on144··· ARe 

.910+.00218'" Ase r .. 1.000 ---

.895+.00275'" ARe r .. 

.906+.00087+ AKe r .. 

u* .924+.00155 A~e r • 

• 915+.0~187*'* "Kt' r • 

.954+.00109** Alte r .. 

.905+.00240-" Alit' r • 

.911+.001:"*" Alit' r • 

.. Slgnlf.r~nt at .10 Irvrl 
II Slronll 1".lni ill .0'1 h·v,.1 

III 511'.1111 It-ilnl ill .01 1rvrl 
UII SIKnlf It:ilnt III ,11111 1.'vl·' 

1.000 

1.000 

.99) 

.9ft9 

.992 

.9ft? --
• 'I."'" 

~. 

bpII! 

r .. .934 

I:' .. .992 

r .. .964 

r .. .940 

r .. .991 

r .. .971 

r .. ,911 

r .. .974 

r .. .966 

r .. .911" 

r .. .970 

r • .978 . 

Arrt!ftlee-to-Arrt!ftl Rntio 

AItRrllV;'llt'd 
Roltbery Af;fiAIiIt lurlllr1 

.619+.00811,**· Alii" .910+.0007+ Altll! r .. ,1178 

1.021-.00530" "Itt! r ... 991 r .. .919 

.877+.00441' AJrt(' .~'l8+'01)182** Allie .860+.00196' Aso 

.869+.00241+ Aile • em,+.oo 106+ A"II! r .. .881 

r .. .975 . r .. .985 r • .950 

r .. .919 r .. .98Z .ft94+.00J44·~ Aile 

r .. .941 r a .982 r .. .952 

r .. .977 .9~9+.00105+ ARe r .. .961i -
.1181 + .oonft+ ARe r ... 9b6 .882+.00]1~·* AlII! -

r .. .955 r .. .995 r" .'HZ 

r • .971 r • .9Rt .07]+.00181* A~(' 

.~19"OO179+ Ar.r r • .97" r • .q'i~ ---

Larceny 

.514+.0082 Ale 

r • .926 

r .. .931 

.763+,00496* Aile 
., 

.880+.00419+ Ale 

r ... 924 

.851+.00509* Ale 

r .. .957 

r .. .909 

r .. .945 

r • .1191 

,ft~n+.ooJ41+ Ar.r 

Auto 
Theft 

r • .914 

r .. 1.000 

r • .". 
r • .970 

r • .992 

r • • 9 til 

!I' • .962 

r .. .994 

r • .960 

r .. .979 

r .. • 'lIn 

r • .9117 I 

co w 

• 

! t 
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Table B-4 

Alternative Arrest-to-Arrestees Conversion Ratios 

Ratio Washington, D.C. Michigan 

Unigue Index Arrestees r • .759 + .00368 Age r • .954 + .00109 Age . 
Arrestees-to-Arrests: 

Murder r • .917 r- .993 Rape r - .934 . r - .986 Robbery 
r - .619 + .00816 Age r - .877 + .00447 Age Aggravated Assault r - .910 + .0007 Age r • .995 

Burglary r • .878 r • .979 
Larceny r • .574 + .0082 Age r • .853 + .00509 Age Auto Theft r • .914 r • .992 

.f' 

---------------~,~.--------------~------------------------.------
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Mean Total Career Length: -- . ~ 

10.33 U.ing Washington. D.C. latio' 
9.95 V.ing Michigan County Ratio. 

U.ing Washington, D.C. Ratiol 

Using Michigan County Ratios 

.. , ' • i ' 

25 30 35 40 45 50 

Age at Arrest in 1973 

Figure B .. 1 

: , ' 4 , I 

55 60 

sensitivity of Mean Re.idual Career Length 
E.ttmates to Variation' in Arre.tee/Arre.t Ratio~: 

Career Lensth !.timate. for tndex Arrestee. 
With Multiple Counting 

: , 
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Mean Total Career Len~h: 

I 

10.80 Using Walhington, D.C. aatiol 
10.06 U.ing Michigan County Ratiol 

, 
I 

I 

1\ I 
\ , ...... ..1 -... \ 

Uling Walhington, D.C. Ratios 

- .. _.... Uoing Michigan County r..a dos 

20 25 30 35 40 

Age at Arrelt in 1973 

Figure B .. 2 

Sen.1tiv1ty of Mean Re.idual Career Length 
E.timate. to Vari.tionD in Both Arre.tee-to-Arrest 
Ratio. and Unique Index Arreltee Ratio: Career 

LeDith for Unique Index Arreltee. 
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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 I. reduction of about 3/4 of ()ne 

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 

rinse of jurisdictional differences in the ratios observed in Michigan and Washington. D.C.. the 

impact of different ratios on career-length estimates is 5mall. especially when compared to the 

role of the other concction factors indicated in Figure 9 and Table 2. 

.~ ________ ~ ______________________________ ~ __ ~ ____ t _______ ~~ __ 
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APPENDIX C 

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

The annual arrest data for Washington, D.C. were only available for the age groups 

identified in Table C-1. The 1973 arrestee data contain the number of arrests for each index 

offense type'!J each ill for adults'(~18) arrested in 1973. The more detailed 1973 arrests can 

be used to partition the reported arrests over each age within !n m!!Q!!E. In particular. we 

estimate: 

n'Hk 
Pik(j) • ~ for 

Nik [

i • crime type 
k • age group (e.g., 25 to 
j • individual age within 

age group k (e.g., 26) 

29) 

where N is the number of arrests for offense type i in age group k, n I is the number of 
Il IJ. 

arrests for offense type i at age j in group k. and N I = l: n I' These proportions. p. (j). 
I. JfL IJ. I. 

are multipiied by the number of arrests reported in each age group k a\'ailable for each year 

1970 to 1976 to yield estimates of the annual number of arr~ts for each individual age. 

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

case of larceny, the agc-specific numbers of arrests are available only for adults al.esled 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 group'S and under-represent 

older a~e groups among larceny arrests in 1973. The age-specific estimates. however. are 

calculateC, separately within each age group. If the rcsul,ting proportiO~~C:b age within !n ill 

!!.ru!E 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-s~ific proportions fOT 1973" to derive e..5timates of arrests 

for each year 1970 to 1976. Whil~ this assumes stationarity in the age distribution ~ ill 

~. it still permits year-to-year variations in the overall age distribution of arrests ref1~led 

(:'I changes in the distribution over the different age ~oups. 

i 
I 

! 

I 
............... 1 ... L __ J 

Age 
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Table C-1 

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

Years 

1970-74 1975,76 

Groups: Age Groups: 

< 10 -
<15 11-12 
- 13-14 

15 

16 16 

17 17 

18 
18-20 19 

20 

21 
21-22 

22 

23-24 
23 

24 
25-29 25-29 
30-34 30-34 

- 35-39 35-39 

40-44 40-44 

45-49 45-49 

~ 50 > 50 -,.. 
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APPEl'."DIX 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 1ge-spccific population 

distribution for non-..... hHe males in Washington. D.C. from 1971 to 1976 must be estimated. 

The available population data for Washington. D.C. are: 

• The annual total population over race. sex, and age for 1970 to 1976 (last row of 

Table 0-1): 

o The annual population subtotals for ten age groups for non-white males from 19i2 
to 1975 (Table D-l)~::; and 

• The age-specific non-white male population for 1970 (Table 0-2). 

There are two basic elements to the population estimates. first estimating the Eroportlon 

of the total population at each age for non-..... hite males. P (t). and then estimating the absolute 
. 

a 

number of non-white males each age. M (1). Slightly different procedures a're 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 (1) are presented I 

along with the 1970 census data in Table 0-3. 

0.1. Estimating P (t) • 

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: 

(Dll 

where: 

52The inter-census year population figures were provided by the D.C. Government. Office of 
Planning and Development, Statistical Services Di\'ision. Demographic Unit. These populatlon 
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 data 
011 school enrollment for youI}ger ages. supplemented by social security data to estimate 
migration of older age groups. 

-----

I 
I ' 

I 
t 
! 

I 
1 
i'" 
1 
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P (t) _ proportion of the total population at "mid-age" mi of age 
mi group 

P (t). proportion of the total population at "mid-age" 
mi f m

i 
0 age group i in year t; 

Ai(t) • Si(g)/5, i.e., che s!mple average population 

each age within age group i in year t where 
Si(t) is the population subtotal for age group i; and 

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

Equation (01) enables us to obtain ttn "mid-age" proportions for each of the years 1970. 1972. 

1973. 1974, and 1975 . 

P}t) is the proportion of the total population at each age a. This proportion is estimated 

for the intermediate ages bt.tween two "mid-age" proportions by using the linear interpolation 

with: 

..... here 

P (t) - P (t) 
a mi 

a - mi 

mj ~ a ~ mj , j • i + 1 

m
i 

• the "mid..:age" of age group i in year t; 

P (t). the proportion of the total population ~~ 
mi "mid-age" mj of age group i in year t 

(from eq (01» ; 

t • Years 1970, 1972, ••• , 1975 

(02) 

The p.(t) are estimated for the two years without age-group data (l971 and 1976) by a 

~-

t « 
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linear f,egression model applied to the estimates derived for the years 1970. and 1972 through 

1975 for each age a: 

p (t) = t% ... P L, • • • 
18 S a S62 

(D3) 

D.l. Estimating M. (t) 

(1) Years: 1972 - 1975 --- ----

For those years where age-group subtotals are available. the absolute number of non-white 

males. M (1). are computed as fonows: 
• 

Step 1: Compute the proportion each age within !!l lli !!2YP. Patel). as: 

(04) 

where i = age grOJP and t = years 1972 to 1975. 

Step~: Compute the absolute number of non-white males each age for each age group 

separately as: 
(05) 

f or age a in age group i: 

and S (1) = the subtotal populat10n of age group i in year t (Table D1): and 
I 

t = years 1972 to 1975. 

In these years M (1) is simply estimated as: 
• 

M (1) = P (d . T 
• • I 

(06) 

for t = years 1971 and 1976. 

i 

I 
I 
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Table D-l 

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

Year 

Age Group 1970 1971 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 1~,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 A,500 8,500 8,600 • . 

Total All 
Racxs, Sexes 

ges 756,510 753,600 752,700 739,600 729,100 721,800 700,000 

* Prepared by: Office of Planning and Management Resea~ch and Statisti~s 
Unit, Washington, D.C. ' 

** NA: Not available 

e' 
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AGE POP'N 

15 5374 

16 5008 

17 4866 

18 4646 

19 4655 

20 4543 

21 4389 

22 4832 

23 4688 

24 4267 

Table D-2 

1910 Age-Specific population (or * 
Non-White Males in Washington, li.C. 

AGE POP'N AGE 

25 4460 35 

26 4180 35 

27 4422 37 

28 3888 38 

29 3954 39 

30 4020 40 

31 3457 41 

32 3171 42 

33 3044 43 

3" 3273 44 

p o~~ 
3211 

2985 

3100 

2660 

3157 

3302 

2876 

2977 

2985 

2975 

Age 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

POP'N 

2888 

2844 

3096 

2196 

2749 

3063 

2504 

2347 

2189 

2164 

Age 'POP'N 

55 2407 

56 2124 

57 '2091 

58 1999 

59 2090 

60 1929 

61 1612 

52 1644 

63 1362 

64 1466 

Ie From Table 19, ill'L.f..E!!'~uS of population. DtAtrlct of columbia (Washington, 
P.c.: U.fl. nur('au or th(' CN1RUR). 

I' 
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.. 
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Table D-3 ··~l 
. 

Annual Age-Specific 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 5033 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 3J.71 3500 3601 3867 3941 3979 4182 
33 3044 3399 3485 3701 3771 3821 3984 
34 3273 3298 3370 3536 3602 3664 3787 
35 3217 316'8 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 2.922 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 25.53 2542 2460 2562 
5'" 2164 2428 2614 2435 2414 2371 2436 
55 2407 2296 2335 2240 2183 2246 2196 
56 21Z"'" 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 1891 
62 1644 1690 1780 1763 1775 1780 1839 

_._. ___ ~ ____ .. _~. __ ~ __ .~_~~_~ ___ ~~ __ --L ______ .L." ___________________________________ .o..j",..'_d __ 
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APPENDIX E 

Assessing Stability ot Recruitment to Adult Criminal Cureers 

To test for the presence of a trend (either toward increased. or decreased recruitment or 

adult offenders) in the Washington. D.C. data. the numbers of arrestecs per capita. Nt(a). at 

ages I :c 18, 19 and 20 were examined in each year 1 :c 1970 to 1976. If all adult offenders 

begin their car=rs at age 18. then IS one looks beyond Igc 18. the number of arreslecs per 

capita includes the combined effects of changes with time in both recruitment and dropout. 

Smce thc relative inrJuence of dropout increases with ISC, we do not compare "recruitment" 

rates beyond age 20. Figure B-1 shows arrcs1.ees per capita in adjacent years for ases 18. 19 

and 20. In each case. the observed values Irc distrjbuted evenly around the bne representing a 

constant ralC of Irrestecs per population from year to year. 

The ratio Nt.t(a)/N1(a) = Jet{a) was also computed as a measure of the ratc of growth (or 

decline for Je.(a) < 1) in recruitment between t and t+l. A value of unity for this ratio 

indicates stable recruitment rates from year to year. As is evident in Table E-l. 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 reeruiuncnl ratio for each age is never significantly different from 

unity at .990 Jor IS ... year-oIds, .993 at age 19 and 1.000 at Igc 20. Also, regressions of Je (a) 
• I 

against time for each age found no statistically 3ignificant time trend coefficients. Thus. the 

recruitmen: ralC appears to bc reasonably stable over thc seven years 1970 to 1976. 
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Table E-l 

Recruitment Ratio, kt(a), 

For Ages 18, 19 and 20 

kt\a} • Nt+1(a)/N t (a) 

.• -18 a-19 

1.088 1..085 

.931 .932 

.855 .873 

1.103 1.117 

1.067 1.047 

.894 .902 

.990 .993 
, 
(.099) (.094) 

" A .. ... 
bo b i bo b1 

Against Time 
k

t 
(a) .. bo+b1 t 

1.021 _.00898 1.025 -.00926 
(t-·.312) (t--.342) 

a-20 

1.058 

.941 

.898 

1.135 

1.039 

.927 

1.000 

(.084) 

.. ... 
bo 

b1 
1.012 -.00356 

(t-·.145) 
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APPENDIX F 

Dcrh'ing the At:e Distribution g(x) Associated with a 
Three-Piece Dropout Rate Function 

The proposed dropout rate function is:
53 

o ~ It ~ xl 1 
Xl ~ x ~ x2 J rex) -
x <x<MAX 
2- -

where MAX is the maximum age observed among index arrestees. which in our case is set 

to 62. From eq, (A4), 

rex) • 
-g' (x) • -dy/dx for y - g(x) 

g(x) 'Y 

So 

hle 
alx 

o ~ x ~ xl 

rex) • -dy • b2 xl ~ x ~ x2 ydx 

b3e 
a3x 

x2 ~ x ~ MAX 

and 

"The authors wish to acknowledge the helpful assistance of Daniel M. Rosenblum in derh'ing 

this result. 
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Integrating both sides~ 

or. 

IX E.l .. 1ny .. C + 
o y 

lny .. C + 

Exponentiating both sides 

'ny e· .. y .. g(x) .. exp c+ 

100 

a
1
x 

-b /a (e -1) 
1 1 

~e integral for each succeeding piece includes the values of the full integral of previous 
pieces to assure continuity of g(x) at the break points XI and x. (e.g.. T·, bl,ldx is 
included in the integral of the second piece). The constant of integiation. C. Issures that g(x) 
i~ a proper probability density function with S ~AX g(x)dx = 1. 

101 

Letting K = exp[C - b /a (ea,11 - 1) + b x 1 
I , 2 , 

g(x) • K • 

in the appropriate ranges of x. !ntegrating over g(x) to evaluate K. 

I 
I 

I 
I' 
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APPENDIX G 

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

01. Age Variations in the ~ 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 coh(lrts of 

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

Figure G-1 displays the genera1 pattern of time served observed for the 1973 Washington. 

D.C. arrestees. Time served decreases from age 18 and then increases again reaching another 

peak around age 30. The impact of this time scrved pattern on the arrest probability is 

deplcted in Figure G-2. As time served decreases. the probability of at least one arrest in a 

year for an offender increases: and conversely. as time served increases. the arrest probability 

decreases. 

The analysis gf variations in indh'idual arrest rates fl)r Washington. D.C. arrestees in 

Blumstein and Cohen (1979) suggests that arrest rates are stable over age within a cohort of 

offenders. but have increased for more recent cohorts. Such variations in the arrest rate 

would int:'oduce age dependencies into the arrest probability for offenders of different ages in 

any year t In partlcular, 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 n 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 thcsc 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. 

02. Impact of Age Variations Q!} Career-length Estimates 

Age variations in the probability of arrest in a year for an offender will distort the 
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representation of some age groups among arrest.ees as those offenders with higher arrest 

probabilities arc more likely to be sampled through an arresL If the arrest probability 
decreases for older ages, more recent ~horts (younger offenders in year t) are more likely to 

be arrested and older offenders (earlier eohorts) will be under-represented among arrestces. 

Let k > 1 be a constant rate of growth in the nl.3mber of arrestees in each successive 

cohort as a result of the age variation in the arrest probability. The dropout rate estimated 

from the observed age distribution of arrestces in year 1, n (a), can be approximated by , 

(01) 

With decreasing arrest probabilities with age. the arrestces age (a+1) in year t must be 

increased to reflect the growth in numbers of arrestces already present in the more recent 

cohort n,(a). The true dropout rate would then be approximated by 

.. 

(02) 

The ratio of the biased estinlate of the dropout rale. r(a), to the unbiased estimate. r(a) is 

given by 

R • r~a) • 
r(a) 

nt(a) - nt(a+l) 

nt(a) nt(a)-kne(a+l) 

and the estimate r(a) overestimates the dropout rate. 

where a < a+1 ( a' ( a'+l 

nt(a*) - nt(a*+l) 

R*· nt(a*) - knt(a*+l) 
> 1 

nt(a)-nt(a+l) 
• nt(a)-knt(e+l) 

> 1 for k"l 

(03) 

Correspondingl~, for another point a', 

(04) 
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For k = l+C. the error ratio. R. can be transformed to 

nt(a)-nt(a+l)-Cnt(a+l) Cnt(a+l) 
(OS) 

C 
.. 1 - -~----~ 

1 - .. n
t

(a)-n
t

(a+1) .. 1 - nt(s) - nt(a+l) ~
t (a) 1 -1J R nt(a+l) 

Likewise. 

(06) 

Now, if r(a) > r(a') (i.e., the dropout rate is estim~~~q to be decreasing with age), then 

n
t

(a)-nt (a+1) 

n
t

(2) 
> 

nt(a*)-nt(a",+l) 
n (a*) 

t 

nt(a"'+l) 
> 1 - -.:.-~.,.. n

t 
(a*) 

n (a*+l) 
t < -,...-....--
n

t 
(a*) (07) 

1 1 
and substitu\ing (07) into (OS) and (06), 

i > i* and R < R·. So, when the dropout 

rate is estimated to be decreasing (as in period 1 in Figure. 11), the overestimate of the 

dropout tite reflected by R is less at younger ages IS depicted in Figure 0-5. 

Correspondingly, the mean residual ",.areer length is increasingly underestimated IS age increases. 

'" 
Using the same logic. if the dropout rate is estimated to be increasing with age (1'(a) < 

rra*» as observed in period III in Figure 11. R > R'. In this case, the overestimates of 

dropout rates are worse at younger ages, while mean residual career length is illcreasmgl~' 
underestimated for younger offenders. These biases are illustrated i.., Figure 0-6. 
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Figure 0-7 combir~ .. the results in Figures 0-5 and 0-6. When the age variation in the 

arrest probab11ities for offenders is assoCiated with a constant growth rate, Je, 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 (:ohort:;, i.e., JeCa) > Ic(a*) for a < ae• The dropout rate at any 

age a is estimated as in eq. (01). Because of the growth in the numbers of arrestecs in more 
recent cohorts. however. the true dropout rate is better approximated as 

nt(a} - k(a+l}nt(a+l} 

nt(a} 
rea} • 

For kCa·1) = 1 ... CCa+l). the error ratio of R(a) is given by 

ne (a) - "\ (a+l) 
R(a}. () 

nt a - nt(a+l) - C(a+l)nt(a+l) 
and 

(08) 

(09) 

010) 
For a* > a, r(a*), RCa*) and l/R(a") are defined Similarly with 'a· replacing a in eqs. (OB) to 
(010). 

Suppose Cea+1) > Cea"+!), or there is a larger growth rate in arre.stees 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 0-4. Now, 

for rea) > r(a") (i.e., the dropout rate is estimated to be decreasing With age), RCa) < RCa") 
when 

rn (a) 

1] I t 

C(a+l) 
< 

Int(a+l) 
C(a*+l) I nt (a*) 

I n t (a*+l) - 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 CCa+l) is not increasing faster than the estimated dropout rate is 

increasing for more recent cohorts, t;lc estimated decreasing dropout rate will increasingly 
overestimate the dropout rate at ~ at, ~. 

"'" -
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III 

,.. '" For r(a) < r(a-) (i.e .• the dropout rate is estimated to be increasing with age), 

and R(a) > R(a*) fot' all values of a <: 
a*. 

In this case. the results in Figure Q-6 always hold and the estimated increasing dropout rate 

will increasingly overestimate the dropout rate at ~ounger ages. 

Based on this analysis for a declining arrest probability with age (as in Figure 0-4), the 

true dropout rate and mean residual career length have sharper periods of decline and incr~ 
than are estimated as long as more recent cohorts of arrcstees do not incrca.sc in size faster 

than the estimated dropout rate is increasing for those same cohorts. 

'''. 
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APPENDIX H 

Late-Starter Corrections by Crime Type 

The 1973 data for Washington. D.C. arrestees provide the basis for estimating the 

proportion of ~rrestees 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. S!o To eliminate much of the noise in the observed proportion 

starting with an index aTTest 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: 

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) between 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 Pb(x). '(here is a greater likelihood that 

younger offenders in these crime types began their adult careers with an index arrest at young 

ltge.Ci, while older offenders in these crime types are much Jess likely to have had an inde" 

arrest at young ages. In contrast Pb(x) varies less with age for the violent crimes of rape and 

aggravated assault In comparing young and old offenders for these violent offenses. the 

younger offenders are only slightly more likely to have begun their adult careers with an index 
arrest at young ages than are older offenders. 

ssrhe 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 representative of larceny offenders in general. 
lar~ny is not included in the crime-specific analys~s. 
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APPEr-.'DIX 1 

Estimating Dropout RAtes After First Arrest 

The basic life-table approach described in APpendix A can also be applied to the 

distribution of arresteeS o"e' the number of prior arrests in • rw>rd. Using the fall-off in the 

Dumber of .rresteeS 15 the number of prior arrests incr ..... in • cross-..ction of .rresteo>. the 

dropout rate after each arrest and the expected residual Dumber of arrests can be estimated. 

Table \-1 presents the dIStribution of .rresteeS for zero and one prior adult arrest in 

Washington. D.C.. and Franklin County. Ohio. for 1913. Taking the Dumber of arres- with 

zero priors as an estimate of the total number of offenders starling in • cohort. those with 

exactl, one prior arrest giyes the proporlion of arrest ... 'who remain actiye after their first 

arrest. Using this relationship. the dropout rate .fter the first adult index a"est is esl1mated 

at 52.3% for index careers in Washington. D.C. The corresponding dropoUI rale after the first 

adult felony' a"est is 57.3% for felony careers in Franklin County. Ohio. Using Ihe 

relalionship in equallon (A91. the expected fUlure number of arrests after the firsl arrest in the 

adult career is estimated as 1.50 additional index a"ests in Washington. D.C.. and 1.61 

additional felony arrests in Franklin County. 
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Table 1-1 

Dropout Rate After 
First Arrest and Expected 

Future Arrests in Adult Careers 

~--------------------,---------------------------------------.-------.-

1. 

2. 

Number of 
Prior Arrests 
for Arrestees 

o 

1 

3. Total Arrestees 

Washington, D.C. 
1973 

(Prior Index Arrests 
As Adults) 

2,035 (40.0'7.) 

970 (1931'7.) 

5.088 (l00. 0'7.) 

Franklin County, 
Ohio 1'973 

(Prior Felony Arlests 
As Adults) . 

131 (38.3'7.) 

56 (16.47.) 

342 (100.0'1.) 

~--------------------4----------------------------------------------~ 
Dropout Rate After 

First Arrest 

(1-2/1) 

52.3% 57.3% 

~--------------------~------------------------------------------------~ 

Expected Future Arrests 
After First Arrest 

in Adult Careers 

(l-I/:l) / 0/3) 

L50 1.61 

L-____________________ J-. ______________ ~ __________________________________ ~ 

a Van Binf.', ct itt fi979. Tah1(> 1-10) 

·~T 
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APPENDIX J 

Assessing Stability in Resid~a) Career Length 
and in Arrestees per C'pita 

To test for the presence of time trends in residual career length, the mean residual career 

length was estimated separately for each year from 1970 through 1976. The resulting ., (a) at 
• each age a were then regressed against time. The regression results ar: reported in Table J-1. 

To assure that the daLa smoothing process does not suppress any time trends, the regression 

analysis is performed on eSi.imates of aTTests per capita, n.(a), and mean residual career lcngth. 

., .(a), dcrived from unsmoothed tiaLa. The resuhs are discussed in Section 3.0 of the mam 
leXt. 

Age 

18 
19 
20 
21 
22 
23 
24 
25 
76 

I 27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

I 55 
56 
57 
58 
59 
60 

--
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Table J-l 

Stability Over T1ae for ttCa) and nt(a): 
Results of Regressions Against Time 

Mean Residual Career Length (b-20) Arrestees per Capita 
tt Ca ) • Co+c1t (n • 7) nt(a) • do+dl t (n • 7) 

Co c1 (t-value) d d1 (t-va1ue) 
0 

5.187 .237 ( 2.555) .1076 -.0017 (-1. 246) 
3.978 .196 ( 2.493) .1123 -.0013 (- .9(2) 
3.349 .137 C 1.948) .1031 -.0002 (- .187) 
8.919 .212 ( 1.978) .0736 .0015 ( 1.5(4) 
7.966 .025 ( .181) .0768 .0032 ( 2.2(3) 

10.066 -.346 (- 1.706) .0563 .0057 C 2.20~) 
9.715 -.347 (- 1.836) .0539 .0057 ( 2.328) 
9.879 -.410 ~-11. 511)* .049:, .0054 ( 7.414).1 

10.675 -.454 (- 6.(32)* .0436 .0045 C 5.352)· 
14.590 -.737 (-11.175)* .0311 .0035 ( 6.027)· 
11.984 -.519 (- 4.793)* .0367 .0033 ( 5.428)* I 
15.069 -.704 (- 5.378)· .0284 .0026 ( 5.97~)* j 

9.808 -.19;' l- J..Jt!U} .0434 .UUJ.J ~ ..: • .1.110) 
11.409 -.111 (- .805) .0358 .0006 ( .9(5) 
11.414 .070 ( .441) .0343 (- .001) 
10.l,43 .055 ( .332) .0355 .0001 ( .094 ) 
10.662 -.128 (- .844) .0332 .0006 ( .922) 
11.142 -.087 (- .725) .0305 .0004 ( .39S) 

8.872 -.059 (- .590) .0358 .0004 ( .31.~) 
9.735 -.226 (- 2.027) .0307 .0009 ( .926) 
9.869 -.077 (- .510) .0289 .0002 ( .233) 

12.825 -.441 (- 2.(69) .0214 .0008 ( 1.036) 
8.887 .096 ( .649) .0288 -.00'11. (- .5~1) 

11.458 .418 ( 1.989) .P210 -.0006 (-1.23:') 
9.950 .095 ( .467) .0233 -.0002 (- .4S:') 
5.414 .140 ( 1.494) .0373 -.00C7 (-1. 29(;) 
7.291 .129 ( .885) .0255 -.0003 (- .64:) 
7.982 .310 ( 1.417) .0212 -.0004 (- .5(1) 
5.690 .318 ( 1.914) .0261 - .0006 (- • 76e; 
9.972 .479 ( 1.016) .0lt.5 -.0002 (- .3H) 
5.048 .333 ( 1. 772) .0241 -.0('105 (- .E>4r' 
4.362 .405 ( 2.232) .0235 -.OOO~ (- .911") 

10.015 -.009 (- .035) .~:!O~ .000:' ( 1. OS:.'1 
8.081 .llJ ! .6(4) .0117 .0003 ( .923) 
5.472 -.003 (- .031) .015/, .00('lf, ( 1.:!S~' 
3.742 .027 ( .359) .0186 .0005 ( 1.013) 
6.331 .18Q ( 1. 217) . .0096 .0001 ( • Sloe:.) I 4.865 -.056 (- 2.656) .0108 . o 0('1 f- ( 2.4:'~) I 
2.323 -.029 (- .653) .0165 .0009 ( 1.95fl I 

I 
6.610 -.006 (- .052) .005" .00('2 ( l.:!on 
1.747 -.049 (- .78S) .0130 .00Clo ( 1.933) 
2.329 Q49 (- 5.148)"1 .0072 .0003 ( 1.3:7) 
1.547 -.026 (- 3.332) .0069 .0001 ( .9';1 ) 

., 

·Signif1cant at .01 level or better for two-tailed t-test. 

! 
1 
I 
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APPENDIX K 

Age-Specific Arrest Rates for Different Crime Types 

Data 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 

figures were combined with census data on population by age and sex in each city to yield 

arrest rates within each age categof)'. Table K-1 reports the average population arrest rates 

for males by age in the fifty-five largest cities. 

.. 

1 
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Table K-1 
. 

Average ~ge-Specif1c Arrest Rates for Males 
in Fifty-Five 

U.S. Cities in 1970 

Arrests per 100,000 Male Population for: 

Age Category PropertY* Violent** 
Offenses Offenses Robber 

< 10 263.0 6.7 8.0 
i1-12 2,460.5 74.4 134.2 
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 
17 7,458.6 754.0 1,079.2 
18 5,486.6 710.7 1,005.9 
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 
45-49 463.5 210.9 36.2 
50-54 335.9 148.4 18.8 
55-59 241.1 111.7 13.5 
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 
~nd auto theft. 

**Vio1ent crimes include. the F.B.I. index offenses of murder, rape and 
.g8rav~ted .ssualt. 

-
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