The Cycle of Violence
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Despite widespread belief that violence begets violence,
methodological problems substantially restrict knowl-
edge of the long-term consequences of childhood victim-
ization. Empirical evidence for this cycle of violence has
been examined. Findings from a cohort study show that
being abused or neglected as a child increases one’s risk
for delinquency, adult criminal behavior, and violent
criminal behavior. However, the majority of abused and
neglected children do not become delinquent, criminal, or
violent. Caveats in interpreting these findings and their
implications are discussed in this article.

grown enormously during the last 20 years. One of the most
pervasive claims that appears in both academic and popular
writings refers to the cycle of violence: abused children become
abusers and victims of violence become violent offenders. Over 25
years ago, in a brief clinical note entitled “Violence breeds vio-
lence—perhaps?” Curtis expressed the concern that abused and
neglected children would “become tomorrow’s murderers and per-
petrators of other crimes of violence, if they survive™ (1, p. 386).
Indeed, the notion of an intergenerational transmission of vio-
lence has become the premier developmental hypothesis in the field
of abuse and neglect. In this article I review the current empirical
status of this hypothesis, drawing on data from different disci-
plines—psychology, sociology, psychiatry, social work, and nursing;
comment on methodological problems; and describe new research
developments in the field. Although people maintain strong feelings
about this topic, they ought to be aware of those aspects of the cycle
of violence hypothesis that have received support and of areas where
unresolved questions remain.

r I {HE SCHOLARLY LITERATURE ON FAMILY VIOLENCE HAS

Literature Review

Rescarchers and professionals have used the phrases “cycle of
violence” and “intergenerational transmission of violence™ loosely to
refer to assumptions or hypotheses about the consequences of abuse
and neglect in relation to a number of different outcomes. Some
writers refer exclusively to the hypothesized relation between abuse
as a child and abuse as a parent (2). Others focus on the relations
between child abuse and neglect and later delinquent, adult criminal,
or violent behaviors.

Because there are difficult methodological problems confronting
social science research, most investigations of child abuse have been
criticized as methodologically flawed and limited in how the results
can be generalized, their scientific validity, and ultimately their
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policy relevance (3-5). There remains considerable debate about the
definition of child abuse (6) and, consequently, much uncertainty
about its prevalence. Even less is known about its effects. For
children who have been abused or neglected, the immediate conse-
quences may involve physical injuries or psychological trauma. In
addition, the emotional and developmental scars of these children
and those who witness severe family violence may persist. Further-
more, because many other events in the child’s life may mediate the
effects of child abuse or neglect, the long-term consequences of such
childhood victimization are difficult to determine.

Abuse leads to abuse. In a recent review of empirical studies relevant
to the intergenerational transmission of violence hypothesis, Widom
(5) noted that there is surprisingly little empirical evidence to
support the claim that abuse leads to abuse. Existing studies suggest
that there is a higher likelihood of abuse by parents if the parents
were themselves abused as children. Among abusing parents, esti-
mates of a history of abuse range from a low of 7% (7) to a high of
70% (8). Among adults who were abused as children, between one-
fifth and one-third abuse their own children (9, 10).

Many studies are methodologically weak and limited because of
an overdependence on self-report and retrospective data, inadequate
documentation of childhood abuse and neglect, and infrequent use
of baseline data from control groups. In a comprehensive review of
this literature, Kaufman and Zigler (2) concluded that the unquali-
fied acceptance of the intergenerational transmission hypothesis—
from abuse as a child to becoming an abusive parent—is unfounded.

Small-scale clinical reports. A number of frequently cited writings
describe prior abuse in the family backgrounds of adolescents who
attempted or succeeded in killing their parents (17), and of murder-
ers (12), or of those charged with murder (13). These reports,
offered as support for the cycle of violence, present provocative
clinical accounts by astute observers; yet their own statistical
usefulness is limited because of small sample sizes, weak sampling
techniques, questionable accuracy of information, and lack of ap-
propriate comparison groups.

As Monahan (14) argued, the most important piece of informa-
tion researchers can have in the prediction of violence is the base rate
of violent behavior in the population with which they are dealing.
Particularly in the areas of abuse and neglect, there is a tendency to
overemphasize individual case information at the expense of base
rates. Appropriate control groups are necessary to assess the inde-
pendent effects of early childhood victimization because many of the
same family and demographic characteristics found in abusive home
environments also relate to delinquency and later criminality (15).
Without control groups to provide an estimate of such base rates, it
is difficult to assess the magnitude of relationships.

In the United States, for example, groups with different demo-
graphic characteristics (males/females, blacks/whites, rural/urban)
have different base rates of arrest for violent crimes (16). Thus, base
rates—from the same general population of people at the same time
period—must be taken into account in assessing the cycle of
violence.

Delinquency. Another facet of the cycle of violence hypothesis
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refers to the relation between abuse and neglect and delinquency.
The majority of studies that address this relation are retrospective
ones (17, 18) in which the researcher typically asks delinquents
about their early backgrounds. Estimates of abuse from these
retrospective studies generally range from 9 to 29%. In prospective
studies that follow up individuals who had been abused or neglected
as children, the incidence of delinquency was between 10 and 17%.
Of three prospective studies (19-21), two lacked control groups
(nonabused comparisons). Most studies of delinquents report that
the majority were not abused as children. In at least one study (21),
rejected children had the highest rates of delinquency. However,
without appropriate control groups and improved methodology,
any conclusions remain highly ambiguous.

Violent behavior. Several studies involving delinquents (18, 19, 22,
23) and psychiatric patients (24) suggest that abuse and neglect are
related to violent criminal behavior. However, findings are contra-
dictory. Some provide strong support for the cycle of violence
hypothesis; in others, abused and nonabused delinquents did not
differ; and in at least one study, abused delinquents were less likely
to engage in aggressive crimes later. Each of these studies has
methodological problems, not the least of which is the universal lack
of normal comparison groups providing baseline data. Furthermore,
since existing studies focus primarily on violence among delinquents
and adolescents, whether these childhood experiences have direct
and lasting consequences for the commission of violent crimes into
adulthood is unknown.

Aggressive behavior in young children. Another body of studies focuses
on the relation between abuse, neglect, and aggressive behavior in
young children. This work is based on experimental research and
laboratory observations. Age groups vary, as do definitions of child
abuse and outcome measures. However, these studies indicate with
some consistency that abused children, as young as infants and
toddlers, manifest significantly more aggressive and problematic be-
havior than nonabused or neglected children (25).

These studies also suggest the need to consider neglect as distinct
from abuse, because in some reports (26) neglected children ap-
peared more dysfunctional than those abused. With one exception
(21), only these developmental psychology studies have systemati-
cally examined and reported differences between separate samples of
abused and neglected children. By combining abused and neglected
groups, or by studying only physically abused children, important
differences in consequences may be obscured.

Observing violence. In addition to studies of children directly
victimized, the indirect effects on children observing family violence
have also been investigated in two types of studies. First, large-scale
self-report surveys have found a modest, although fairly consistent,
association between exposure to family violence and approval of
violence or marital violence as an adult (27). Second, studies of the
children of battered women suggest that observing abuse or extreme
marital discord may be as harmful to the development of the child as
physical abuse, although other factors might contribute to these
findings (28).

Despite widespread belief in the intergenerational transmission of
violence, methodological limitations substantially restrict our con-
clusions about the long-term consequences of early childhood
victimization (5). The research described here was designed to
overcome some of the methodological problems that have hindered
the empirical documentation of the cycle of violence.

New Research Developments

During a 2-year research project, I examined a number of basic
questions about the relationship between child abuse and neglect
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and later violent criminal behavior. This research was designed to
incorporate methodological improvements. These included a rela-
tively unambiguous operational definition of abuse and neglect; a
prospective design; separate abused and neglected groups; a large
sample to allow for subgroup comparisons and to allow for conclu-
sions with respect to violent criminal behavior; a control group
matched as closely as possible for age, sex, race, and approximate
social class background; and assessment of the long-term conse-
quences of abuse and neglect beyond adolescence or juvenile court
into adulthood.

The purpose of this project was to identify a large sample of
substantiated and validated cases of child abuse and neglect from
approximately 20 years ago, to establish a matched control group of
nonabused children, and to determine the extent to which these
individuals and the matched control group subsequently engaged in
delinquent and adult criminal and violent criminal behavior. At
present, this research involves (and is limited to) the collection,
tabulation, and analysis of official records (29).

The decision to use official arrest records for the dependent
variable was made for several reasons. Arrest records are relatively
easy to locate, and reasonably complete information on arrests in
official records can be collected retrospectively (30). Results of self-
report studies and research with the use of official records have been
fairly consistent in terms of the correlates of crime (31). Although
self-reports are basically reliable and valid for relatively minor
offenses, more serious offenses are more efficiently revealed (and
with fairly little bias) by some official data (32). Arrest records were
also chosen because interviewing a large number of abused and
neglected cases would be extremely costly. Compared to a good
survey by interviewers, a register study such as the one described
here tends to be much less expensive per case (33).

Design. This study is based on a standard design referred to as
specialized cohorts (33) or observational cohorts (34). In a matched
cohort design, both groups are free of the “disease” in question (violent
or delinquent behavior) at the time they are chosen for the study and,
because of matching, are assumed to differ only in the (risk) attribute
to be examined (having experienced child abuse or neglect). Because it
is not possible to randomly assign subjects to groups, the assumption
of equivalency for the groups is an approximation.

In studies of the relation between child abuse and neglect and later
delinquency or criminality, it is important to avoid ambiguity in the
direction of causality of the events. Specifically, cases occur where
delinquency precedes abuse or neglect in time and cases where
delinquency itself may actually provoke the abuse or neglect of the
child. Thus, to minimize this ambiguity and to maximize the likelihood
that the temporal direction is clear (that is, abuse or neglect leading to
delinquency or criminality), abuse and neglect cases were restricted to
those in which children were less than 11 years of age at the time of the
abuse or neglect.

In comparisons of delinquent or violent behavior, it is also difficult
to judge what portion of the differences is due to the experience or
factors under study and what portion is due to being labeled a
delinquent or violent offender. My research does not totally avoid this
problem, but by use of a prospective design, with data collection
started at the point of abuse or neglect and before the onset of
delinquency and violent behavior, the problem is minimized.

Abuse and neglect cases. All cases of physical and sexual abuse and
neglect processed during the years 1967 through 1971 in the county
juvenile court (situated in a metropolitan area in the Midwest) and
validated and substantiated by the court were initially included.
Abuse and neglect cases from the adult criminal courts were also
included. In these cases, a criminal charge was filed against the adult
defendant. During 1967 through 1971, there were 140 cases
(physical and sexual abuse and neglect) processed in adult criminal
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court in which the victim was 11 years of age or less. After
examining 2623 abuse and neglect petitions, a total of 908 cases
were retained for this study (35).

Definitions. Physical abuse refers to cases in which an individual
had “knowingly and willfully inflicted unnecessarily severe corporal
punishment” or “unnecessary physical suffering” upon a child or
children (for example, striking, punching, kicking, biting, throwing,
or burning). Sexual abuse refers to a variety of charges, ranging from
relatively nonspecific charges of “assault and battery with intent to
gratify sexual desires” to more specific and detailed charges of
“fondling and touching in an obscene manner,” sodomy, and incest.
Neglect refers to cases in which the court found a child to have no
proper parent care or guardianship, to be destitute, homeless, or to
be living in a physically dangerous environment. The neglect
petition reflects the judgment that the behavior represents a serious
omission by the parents—beyond acceptable community and profes-
sional standards at the time—to provide to children needed food,
clothing, shelter, medical attention, and protection from hazardous
conditions.

Matched control group. One of the critical elements of this research
design is the establishment of a control group, matched as closely as
possible on the basis of sex, age, race, and approximate family
socioeconomic status during the time period under study (1967
through 1971). To accomplish this matching, the sample of abused
and neglected cases was first divided into two groups on the basis of
their age at the time of the abuse or neglect incidents: those under
school age and those of school age (36).

Children who were under school age at the time of abuse or
neglect were matched with children of the same sex, race, date of
birth (+1 week), and hospital of birth through the use of county
birth record information. Of the 319 abused and neglected children
under school age, there were matches for 229 (72%).

For children of school age, records of more than 100 elementary
schools for the same time period were used to find matches with
children of the same sex, race, date of birth (6 months), same class
in same elementary school during the years 1967 through 1971, and
home address, preferably within a five-block radius of the abused or
neglected child. Out of 589 school-age children, there were matches
tor 438, representing about 74% of the group. Overall, there were
667 matches (73.7%) for the abused and neglected children (37).

This cohort design involves the assumption that the major
difference between the abused and neglected group and the controls
is in the abuse or neglect experience. Official records were checked
to determine if the proposed control subject had been abused or
neglected. If there was evidence that a control subject had been
abused, then he or she was excluded from the control group. This
situation occurred in 11 cases (38).

Demographic characteristics of the groups. Among the abused and
neglected group, there are about equal numbers of males and females
(49 versus 51%) and more whites than blacks (67 versus 31%). The
mean age for the abused and neglected subjects is 25.69 years (SD =
3.53 years). The majority of the sample are currently between the ages
ot 20 and 30 years (85%), with about 10% under age 20 (the youngest
is 16) and 5% older than 30 (the oldest is 32). The current age
distribution of the sample indicates that our design has allowed
sufficient time for most of the subjects to come to the attention of
authorities for delinquent, adult criminal, and violent behavior (23,
39).

The controls are well matched to the abused and neglected
subjects in terms of age, sex, and race. Controls are equally divided
between males and females. The racial composition of the group is
quite similar to that of the abused and neglected group, although
slightly more controls are black (35%). Their mean age is 25.76
years (SD = 3.53 years; range, 16 to 33 years).
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Data collection. Detailed information about the abuse or neglect
incident and family composition and characteristics was obtained
from the files of the juvenile court and probation department, the
authority responsible for cases of abused, neglected, or dependent
and delinquent children. Juvenile court and probation department
records were also examined for the control subjects. Detailed
delinquency and detention information was recorded for both
groups. Adult criminal histories for all subjects were compiled from
searches at three levels of law enforcement: local, state, and federal.
Searches also extended to the Bureau of Motor Vehicles and (for all
females) marriage license records to find social security numbers to
assist in tracing subjects through criminal records.

The Cycle of Violence: Findings

Abused and neglected children have a higher likelihood of arrests
for delinquency, adult criminality, and violent criminal behavior
(40) than the matched controls. Table 1 presents the percentage of
individuals in the abused and neglected and control groups who
have official records for delinquency, adult criminality, and violent
criminal behavior (41). In comparison to controls, abused and
neglected children overall have more arrests as a juvenile (26 versus
17%), more arrests as an adult (29 versus 21%), and more arrests for
any violent offense (11 versus 8%).

In addition to the extent of involvement, criminality is often
described in terms of the number of oftenses committed, the age at
first arrest, and the repetitiveness (or chronicity) of a person’s
criminal activity. In comparison to controls, abused and neglected
children as a group have a larger mean number of offenses (2.43
versus 1.41, t = 4.49, P < 0.001); an earlier mean age at first
offense (16.48 versus 17.29, ¢t = 2.38, P < 0.05); and a higher
proportion of chronic offenders, that is, those charged with five or
more offenses [17 versus 9%; x* (1) = 28.86, P < 0.001].

Differences related to demographic characteristics. To illustrate the
independent effects of demographic characteristics, the results of
separate analyses for sex and race are included in Table 1.

Sex. Males have higher rates of delinquency, adult criminality,
and violent criminal behavior than females (Table 1). Within each
sex, a history of abuse or neglect also significantly increases one’s
chances of having an official criminal record. Thus, despite the fact
that women generally have lower rates of arrests for criminal
behavior, abused or neglected females are significantly more likely to
have an adult arrest (15.9%) than control females (9.0%), although
the difference for females in these groups is not significant for
violent crimes.

Race. Although blacks are statistically more likely to have official
criminal records than whites (16), the same pattern exists across the
abused and neglected and the control group for all three levels of
criminal activity (delinquency, adult criminal, and violent criminal
behavior). For blacks and whites, being abused or neglected in-
creases the likelihood of having a criminal record as a juvenile and as
an adult. However, for whites, being abused or neglected does not
significantly increase the risk of an arrest for violent criminal
behavior (42).

Age. Dividing our sample (ages 16 to 33 years) into four age
groups of equal size, older subjects in both groups have higher
frequencies of an adult criminal record than younger subjects [x*
(3) = 36.17, P<0.001] and of violent criminal behavior [x*
(3) = 14.05, P < 0.01]. Although this finding may simply reflect
the number of years available for the subjects to accumulate criminal
records, it also illustrates the complexity of dealing with criminal
behavior and the need to control for age.

Continuity. As seen so far, victims of early child abuse and neglect
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differ from nonabused and nonneglected children on a number of
indices of delinquency, adult criminality, and violent criminal
behavior; however, not all aspects of criminal activity differentiate
the groups. One example of such a similarity between the groups is
provided by findings about the continuity between antisocial behav-
ior as a juvenile and criminal behavior as an adult.

Of those with juvenile offenses, roughly the same proportion of
abused and neglected children and controls go on to commit
offenses as an adult (53 versus 50%). Similarly, of those with violent
offenses as juveniles, approximately the same proportion go on to
commit violence as an adult in the abused and neglected group
(34.2%) as in the controls (36.8%). Thus, despite significant
differences in the extent of involvement in criminal activity, nona-
bused and nonneglected subjects are just as likely as abused and
neglected individuals to continue criminal activity once they have
begun.

These findings are interesting in light of recent literature in
criminology, particularly the current debates on criminal careers (30,
43). Although my findings indicate that officially recorded abuse
and neglect increase one’s likelihood of having an official criminal
record and speed up the age at entrance into officially recorded
delinquent activities, early childhood victimization does not appear
to place one at increased risk for continuing in a life of crime. These
findings reinforce the notion (30) that it is important to distinguish
factors that may stimulate an individual to become involved in crime
from the factors that affect whether the person continues or desists
in a criminal career.

Does Violence Beget Violence?

In a direct test of the cycle of violence hypothesis, violent criminal
behavior was examined as a function of the type of abuse or neglect
experienced as a child. According to the cycle of violence hypothesis,
individuals who experienced childhood physical abuse only should
show higher levels of violence than individuals victimized by other

Table 1. Extent of involvement in delinquency, adult criminality, or violent
criminal behavior among abused and neglected (n = 908) and control
(n = 667) groups. NS, not significant.

Demo- Abused Co
. n-
graphic and trols 2 P
charac- neglected (%)
teristic (%)
Juvenile record (delinquency)
Overall 26.0 16.8 18.91 <0.001
Sex
Male 332 222 11.38 <0.001
Female 19.1 11.4 8.66 <0.01
Race
Black 379 19.3 21.29 <0.001
White 21.1 15.4 5.36 <0.05
Adult criminal record
Overall 28.6 21.1 11.38 <0.001
Sex
Male 42.0 332 6.18 <0.05
Female 15.9 9.0 8.16 <0.01
Race
Black 39.0 26.2 9.46 <0.01
White 24.4 18.4 5.26 <0.05
Any violent criminal record
Overall 11.2 7.9 4.68 <0.05
Sex
Male 194 13.5 4.79 <0.05
Female 34 24 0.72 NS
Race
Black 22.0 12.9 7.22 <0.01
White 6.5 5.3 0.70 NS
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forms of abuse or neglect. Table 2 shows the percentage of subjects
in each abuse group who have an arrest for any violent offense (40)
(juvenile or adult record). As expected, victims of physical abuse had
the highest level of arrests for violent criminal behavior, followed by
victims of neglect. However, types of abuse and neglect are not
distributed randomly in the sample across age, sex, and race groups,
and thus bivariate analyses present an overly simplistic picture.

Need for multivariate models. Since sex, race, and age are indepen-
dently related to differences in rates of violent criminal behavior, it is
necessary to control for the effects of these factors in examining the
hypothesized cycle of violence. Thus, data analysis and interpreta-
tion of these findings must incorporate and control for sample
demographic characteristics.

One statistical technique for analyzing the influence of a set of
explanatory variables on a “response” variable that takes a binary
form is logistic regression or linear logistic response models. This
technique models the log-odds of the presence or absence of a
response as a linear function of the independent variable. Models
were estimated with the use of iterative maximum likelihood
methods (44), with any arrest for a violent crime as the response
variable and race, sex, age, and group status (physical abuse, sexual
abuse, neglect, and controls) as explanatory variables.

The estimated coefficients in the resulting fitted model for
predicting the log-odds of an arrest for any violent crime are
presented in Table 3. Group contrasts are with the control group, so
that each pure type of abuse (omitting cases with more than one
type of abuse) is compared to the control group, holding other
factors constant. The results of this analysis indicate that, controlling
for age, sex, and race, the physical abuse and neglect groups have a
significantly higher likelthood of having an arrest for a violent
offense than the controls (45). Thus, in the most direct and stringent
test of the cycle of violence hypothesis, being physically abused as a
child does increase one’s propensity to commit further criminal
violence. Although being neglected also increases one’s likelihood of
violent behavior, the type of abuse or neglect is not as powerful a
predictor of violent criminal behavior as the demographic character-
istics of sex, race, and age.

Caveats

My research was explicitly designed to examine the relation
between abuse, neglect, and later violent behavior and to overcome
methodological shortcomings in previous literature. However, this
research has limitations because of its exclusive reliance on official
records. Thus, one should be circumspect about these findings (3, 4)
and not generalize inappropriately.

Much child abuse and neglect that occurs does not come to the
attention of welfare departments, police, or courts. This fact espe-
cially applies to official data from the late 1960s and early 1970s,
when it is generally believed that only a fraction of all maltreatment
cases were reported. The abuse and neglect cases studied here are
those in which agencies have intervened and those processed
through the social service systems (46). These cases were dealt with
before most states had adopted mandatory child abuse reporting
laws and before the Federal Child Abuse Treatment and Prevention
Act was passed.

Child abuse researchers have argued that there is bias in the
labeling and reporting of child abuse cases and that lower income
and minority groups are overrepresented in official reports of child
abuse and neglect (47). The design discussed here does not generally
include instances of abuse in higher level socioeconomic families in
which such abuse may be more likely to be labeled an accident. On
the other hand, national surveys of family violence have found that
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Table 2. Does violence breed violence? Any arrest for a violent offense as
function of type of abuse [x* (5) = 13.85, P = 0.02].

Arrest for any

Abuse group n violent offense (%)
Physical only 76 15.8
Neglect 609 12.5
Physical and neglect 70 7.1
Sexual and other abuse 28 7.1
Sexual only 125 5.6
Controls 667 7.9

those with the lowest income are more likely to abuse their children
(10). Even though most poor people do not abuse or neglect their
children, there is a greater risk of abuse and neglect among the
lowest income groups (48). Regardless, one cannot generalize from
these findings to unreported cases of abuse and neglect, such as
those cases handled unofficially by private medical doctors (4).
Similarly, because of the exclusions (35), these findings are not
generalizable to abused and neglected children who were adopted in
carly childhood.

Other potential biases may be introduced by relying on official
records for exposure to abuse or neglect and criminality. Pagelow
(49) suggested that the process of intervening and labeling abused
and neglected children, disrupting their residence with their family,
and stigmatizing the parents (who often received little or no
assistance to improve), may create a self-fulfilling prophecy that can
be difficult to resist or overcome. This implies that it is the official
response to abuse, rather than the abuse itself, which begets later
criminal behavior. On the basis of this reasoning, strong evidence
for the long-term ill-effects of childhood victimization would be
expected because the children in our abused and neglected sample
were processed through the courts and presumably suffered all the
negative effects associated with such a process.

On the other hand, because individuals in the control group could
have been abused, but not officially reported as abused, the extent of
the differences between the abused and neglected group and the
controls might be suppressed. Thus, the findings here may represent
an underestimate because the differences between the abused and
neglected group and the control group may be smaller than would
be the case for a “pure nonabused and nonneglected” control group.

In the case of the dependent variable, reliance on official arrest
records for violent criminal behavior also represents an underesti-
mate of potential violent behavior. These findings do not describe
violent behavior, but rather violent criminal behavior. Whether
these findings extend to violence in general, to spousal violence, and
to violence directed at children is unknown at this time.

Therefore, it is important to locate and conduct a follow-up study
with these individuals to determine the extent to which the abused
and neglected subjects and the controls report having experienced
child abuse or neglect and to determine the extent of delinquency,
criminality, and violent criminal behavior not disclosed in official
records. Eventually, further intergenerational transmission of vio-
lence to the offspring of these individuals (currently in their 20s and
30s) should be examined.

Conclusions and Implications

Early childhood victimization has demonstrable long-term conse-
quences for delinquency, adult criminality, and violent criminal behav-
jor. The results reported here provide strong support for the cycle of
violence hypothesis. The experience of child abuse and neglect has a
substantial impact even on individuals with otherwise little likelihood
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of engaging in officially recorded criminal behavior. My findings are
consistent with previous empirical data; however, there is now baseline
data with which to assess the significance and magnitude of the
association, and there is an assessment of the consequences of child-
hood victimization beyond adolescence into adulthood.

In a direct test of the violence breeds violence hypothesis, physical
abuse as a child led significantly to later violent criminal behavior,
when other relevant demographic variables such as age, sex, and race
were held constant. However, being neglected as a child also
showed a significant relation to later violent criminal behavior, and
type of abuse was not as powerful a predictor of this behavior as
demographic characteristics.

These findings indicate that abused and neglected children have
significantly greater risk of becoming delinquents, criminals, and
violent criminals. These findings do not show, however, that every
abused or neglected child will become delinquent, criminal, or a
violent criminal. The linkage between childhood victimization and
later antisocial and violent behavior is far from certain, and the
intergenerational transmission of violence is not inevitable. Al-
though early child abuse and neglect place one at increased risk for
official recorded delinquency, adult criminality, and violent criminal
behavior, a large portion of abused or neglected children do not
succumb. Twenty-six percent of child abuse and neglect victims had
juvenile offenses; 74% did not. Eleven percent had an arrest for a
violent criminal act, whereas almost 90% did not. These findings
mean that prevention programs and intervention strategies aimed at
buffering at-risk children play a potentially important role in the
reduction of further violent criminal behavior.

In addition, alternative manifestations of the consequences of
these early abusive experiences should be examined. For example,
the effects of early abusive experiences may be manifested in different
ways from those already discussed, in particular in withdrawal or
self-destructive behavior (50). Thus, one possible explanation for the
lack of a more substantial relation between childhood victimization
and later delinquency, adult criminality, or violent criminal behavior
may lie in more subtle indications of emotional damage such as
depression, withdrawal, or more extreme behavior, as in suicide.
Given the attrition that typically occurs in longitudinal studies,
examination of cases lost because of early death would be particular-
ly revealing. In some ways, studies that focus on violence and
criminal behavior may be shortsighted.

Most likely, the long-term consequences of child abuse and
neglect for females are manifest in more subtle ways. Abused and
neglected females may be more prone to suffer depression and
perhaps undergo psychiatric hospitalization as a consequence of
these early childhood experiences, rather than direct their aggression
“outwardly.” Interpretation of results is also complicated because
the type of abuse and neglect suffered by females and males differs
(more females are sexually abused than males), which in turn may

Table 3. Predictors of any violent crime: coefficients from linear logistic
response model. Likelihood ratio x* (3) = 10.28, P = 0.016. Number of
subjects was 1455.

Predictor Coefficient Z value*

variable
Sex (male) 2.08 8.32
Race (black) 1.35 7.11
Age 0.11 3.67
Sexual abuse 0.54 1.20
Physical abuse 0.94 2.47
Neglect 0.53 2.65
Constant ~7.48 -0.84

*Z values are computed by dividing the coefficient by the standard error. Values of Z
greater than 2.0 are regarded as statistically significant.
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differentially affect the long-term consequences.

Abused and neglected children are generally at “high risk” for
social problems. It is important to understand the potential protec-
tive factors that intervene in the child’s development and to compare
the development of those who succumb and those who are “resil-
ient” and do not. Although one can speculate on why child abuse
and neglect should have various outcomes, the substance of what is
learned and the intervening linkages that transpire to produce
aggression and violent criminal behavior are not well understood.
For example, child abuse or neglect may not directly cause delin-
quency or violent criminal behavior. Rather, these outcomes may be
an indirect by-product of these carly abusive experiences. There are
suggestions in the empirical literature about possible intervening
variables (517). [A discussion of possible pathways and some of the
potentially relevant variables is presented by Widom (5).] However,
more research is needed to look at possible mediating variables that
act to buffer or protect abused or neglected children from develop-
mental deficits and later delinquent and adult criminal behavior.
Studies must be undertaken to examine the role of what Garmezy
(52) has called protective factors—dispositional attributes, environ-
mental conditions, biological predispositions, and positive events—
that act to mitigate against early negative experiences.

The scientific issue should not be the “box score” (the magnitude
of the association between childhood victimization and later delin-
quent or criminal behavior), but rather the goal should be further
knowledge of the processes involved (53). Research should be
directed at understanding how these early experiences relate to later
violent behavior, recognizing the likelihood of multiple pathways,
and noting how possible protective factors act to buffer some
children from the long-term negative effects of these early childhood
experiences.
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Light Reflection Models for
Computer Graphics

DoNALD P. GREENBERG

During the past 20 years, computer graphic techniques
for simulating the reflection of light have progressed so
that today images of photorealistic quality can be pro-
duced. Early algorithms considered direct lighting only,
but global illumination phenomena with indirect light-
ing, surface interreflections, and shadows can now be
modeled with ray tracing, radiosity, and Monte Carlo
simulations. This article describes the historical develop-
ment of computer graphic algorithms for light reflection
and pictorially illustrates what will be commonly available
in the near future.

N RECENT YEARS, THERE HAS BEEN AN ENORMOUS DEMAND
for realism in computer imagery. Automobile designers would
like to evaluate their new car designs without having to
construct the full-size clay models commonly used in industry.
Graphics simulations of dynamic systems are basic to today’s
aerospace, mechanical, and structural engineers. Modern pilot train-
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ing is now conducted with real-time flight simulators, where the
views from the cockpit are changing scenes simulating the landing at
a specific airport. The display of biological organs, reconstructed
from information obtained from tomographic scans, x-rays, or other
noninvasive methods, greatly benefits the medical professions. And,
of course, architects and interior designers would like to show their
clients design concepts before they are constructed. The variety of
uses of computer graphics are infinite, but all will require the ability
to generate synthetic pictures of increasingly greater realism at
increasingly greater speeds. Furthermore, as the complexity of these
simulations increases with the inevitable availability of computer
processing power, the ability to provide the visual cues such as
shade, shadows, and motion and depth perception, will become
necessary.

In general, to create a typical computer graphics image, it is
necessary to perform the following five steps sequentially, in what is

_ frequently called the graphics “pipeline”.

1) Three-dimensional model. The initial step in the process is the
modeling of the physical environment, including the geometry, the
positions and orientations of all objects, and the material characteris-
tics, textures, and finishes of all surfaces. The illumination, including
the geometry of the light sources, the distribution of the light
energy, and the color or spectral characteristics of the emission, must
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