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Abstract
The current study examined whether teacher and parent ratings of externalizing behavior during kindergarten and 1st grade
accurately predicted the presence of adult convictions by age 25. Data were collected as part of the Fast Track Project. Schools
were identified based on poverty and crime rates in four locations: Durham, NC, Nashville, TN, Seattle, WA, and rural, central PA.
Teacher and parent screening measures of externalizing behavior were collected at the end of kindergarten and 1st grade. ROC
curves were used to visually depict the tradeoff between sensitivity and specificity and best model fit was determined. Five of the six
combinations of screen scores across time points and raters met both the specificity and sensitivity cutoffs for a well-performing
screening tool.When data were examinedwithin each site separately, screen scores performed better in sites with high base rates and
models including single teacher screens accurately predicted convictions. Similarly, screen scores performed better and could be
used more parsimoniously for males, but not females (whose base rates were lower in this sample). Overall, results indicated that
early elementary screens for conduct problems perform remarkably well when predicting criminal convictions 20 years later.
However, because of variations in base rates, screens operated differently by gender and location. The results indicated that for
populations with high base rates, convictions can be accurately predicted with as little as one teacher screen taken during kinder-
garten or 1st grade, increasing the cost-effectiveness of preventative interventions.
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Research has consistently identified early behavior problems
(e.g., aggression, disruptiveness) as risk factors for persistent,
chronic patterns of violent and delinquent behavior later in life
(e.g., Okado and Bierman 2014). These early behaviors are also
associated with negative outcomes in academic, work, and so-
cial contexts, as well as poor physical and mental health out-
comes later in life (Kaplow, Curran, Dodge, & Conduct
Problems Prevention Research Group [CPPRG] 2002).
Children’s problem behavior occurs within the context of a
variety of risk factors that may be targeted through preventative
intervention (e.g., impulse control), but other risk factors may
remain post-intervention (e.g., poverty status, neighborhood
level of deviant behavior; Matthys and Lochman 2010; Petras

et al. 2004b). Preventative interventions targeting early displays
of aggression seek to disrupt this trajectory before behavior
becomes more severe and persistent into adulthood (CPPRG
1992; Pasalich, Witkiewitz, McMahon, Pinderhughes, &
CPPRG 2015). Such interventions are considered targeted pre-
vention (Coie et al. 1993) and may be more cost-effective than
interventions delivered to entire classrooms or schools.
However, accurate and reliable screening tools are required to
correctly identify at-risk children and provide them with early
intervention (Jones, Dodge, Foster, Nix, & CPPRG 2002).

The Utility of Early Childhood Screens

Common screening procedures for targeted prevention often
include brief surveys administered to caregivers and teachers
to identify children who may benefit from the intervention
based on their early behavior problems (CPPRG 1999;
Petras et al. 2004b). Research has shown that combined parent
and teacher screening measures of behavior problems during
kindergarten predict higher levels of delinquency (Hill,
Lochman, Coie, Greenberg & CPPRG 2004) and lower levels
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of social competence (Lochman & CPPRG 1995) later in
childhood. In addition, parent and teacher completed screens
of aggression and hyperactivity in preschool have been shown
to predict behavior problems 5 years later (Stormont 2000).
Based on this research, it appears that parent and teacher
screens taken as early as preschool and kindergarten can ac-
curately predict externalizing problems later in childhood.

In considering the predictive quality of early childhood
screens, research has begun to focus on objective measures
of negative outcomes, such as involvement in the justice sys-
tem. Assessing criminal involvement is particularly important
when considering targeted prevention, given that juvenile
crime in urban areas is estimated to cost $89–$110 million
(Welsh et al. 2008). Research has demonstrated that teacher
and parent measures of children’s conduct problems during
kindergarten predict utilization of mental health, special edu-
cation, and juvenile justice systems (Jones et al. 2002; 2015).
Furthermore, screens taken during late elementary school
have been shown to accurately predict adult violent behavior
and convictions (Petras et al. 2004a).

Despite the above-cited research indicating that measures
of childhood behavior problems longitudinally predict crimi-
nal behavior, no study to date has specifically assessed the
utility and cost-effectiveness of early childhood screens in
predicting objective measures of adult delinquency (e.g., con-
victions). Therefore, the first primary aim of the current study
was to address this gap by examining whether teacher and
parent ratings taken during kindergarten and 1st grade accu-
rately predicted the presence of a conviction in early adult-
hood and thus represent viable screening procedures for
targeted prevention.

Characteristics and Considerations
of Effective Screening

Cost-effectiveness and efficiency are key components of
targeted preventions for externalizing behavior. If the screen-
ing procedures of a targeted intervention can accurately pre-
dict future cases of a behavior or disorder, the resulting inter-
vention can be efficient, focused, and effective (Lochman &
CPPRG 1995). To assess the accuracy of screening proce-
dures, the following statistical tests are often used: sensitivity
(the proportion of individuals correctly identified as having
the predicted outcome), specificity (the proportion of individ-
uals correctly identified as not having the predicted outcome),
positive predictive value or PPV (the proportion of those who
were classified as at-risk who develop the predicted outcome)
and negative predictive value or NPV (the proportion of those
who were classified as at-risk who did not develop the pre-
dicted outcome). As the cutoff score used to determine inclu-
sion in the intervention decreases, there are fewer false nega-
tives and therefore greater sensitivity; however, there are also

more false positives and therefore lower specificity. Greater
sensitivity is particularly important when failing to classify a
true positive as at-risk has large costs. As discussed earlier,
aggression and delinquency carry large costs; therefore, fail-
ing to classify someone who needs intervention as at-risk
could incur high future costs to society due to that person’s
future delinquency. Therefore, in the case of the Fast Track
intervention (the program fromwhich the current study’s sam-
ple was collected), sensitivity was prioritized.

Consideration of Base Rates

Base rates of externalizing problems are particularly important
when considering the efficiency and effectiveness of early
childhood screens (Hill et al. 2004). In fact, the base rate of
the predicted outcome in a sample has a significant effect on
the PPV and NPV of a screen (Meehl and Rosen 1955).
Populations with a higher prevalence of the disorder will in-
evitably have more individuals correctly classified as having
the disorder (increased PPV) but fewer individuals correctly
classified as not having the disorder (decreased NPV) while
populations with lower base rates of the disorder will have
more individuals incorrectly classified as having the disorder
(decreased PPV) and more individuals correctly classified as
not having the disorder (increased NPV; Elwood 1993).
Therefore, the PPVand NPV will vary depending on the base
rate of the population, affecting the overall effectiveness of the
screens delivered.

For this study, we were particularly interested in how base
rates varied as a function of demographic variables (e.g., gen-
der) and location. Base rates of externalizing problems have
been shown to be higher for boys than for girls, which in turn
may affect the PPV and NPV in samples that include both
genders (Zoccolillo et al. 1996). In fact, screens have been
found to be more accurate in predicting later aggressive be-
havior in boys compared to girls, given their higher base rates
of behavior problems (e.g., Hill et al. 2004). Similarly, base
rates of externalizing behavior may differ across types of com-
munities. For example, higher rates of conduct problems have
been found in urban compared to rural areas (Wichstrøm et al.
1996). Therefore, when considering effective screening, it is
important to consider the base rate of the target disorder in the
specific community being studied.

Considering base rates in the assessment of psychological
disorders is not a new phenomenon and dates back to Paul
Meehl’s work as early as the 1950s (e.g., Meehl and Rosen
1955). However, despite clear evidence that base rates
affect the classification of disorders, clinical research has
largely ignored base rates in assessment practices (Elwood
1993). Therefore, the second primary aim of this study was
to assess the effects of base rates on screening procedures in
the current sample to inform the consideration of sample prev-
alence in screen development and utilization.
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The Assessment of Multiple Settings and Time Points

When determining the cost-effectiveness of screening proce-
dures for targeted prevention, it is important to consider
whether accurate prediction can be achieved with fewer
screens. This is complicated, however, by research consistent-
ly demonstrating low-to-moderate cross-informant correspon-
dence when assessing children’s mental health (De Los Reyes
et al. 2015) and differences among studies assessing the effi-
cacy of early childhood screens across informants. For exam-
ple, research on the utility of early childhood screens cited
above relied on ratings from both parents and teachers to pre-
dict later patterns of externalizing behavior problems (Hill
et al. 2004; Stormont 2000). However, other research has
found that when parent and teacher ratings taken during kin-
dergarten are considered within the context of ten early risk-
factors (including demographic variables, recent life stress,
and neighborhood quality), parent ratings of conduct prob-
lems within the home setting, but not teacher ratings of con-
duct problems within the school setting, are effective in
predicting the number of serious arrests in adulthood (Jones
et al. 2015). Furthermore, among a sample of inner-city chil-
dren, teacher-reported/school-based, but not parent-reported/
home-based, oppositionality predicted later conduct disorder
symptoms after controlling for initial levels of co-occurring
symptoms (Drabick et al. 2011). Despite poor agreement be-
tween and differential predictability of teacher and parent rat-
ings, research has also suggested that early reports of
oppositionality show similar symptom profiles, risk factors,
comorbidities, and outcomes across reporters (McNeilis
et al. 2017). It is also possible that the poor agreement between
teacher and parent ratings reflects unique displays of behavior
problems in home versus school settings (e.g., Achenbach
1982). For example, teachers, more than parents, can observe
how children interact with peers and their ability to meet de-
mands at school. Parents, on the other hand, can observe a
wider range of behaviors, including behaviors that are more
severe (e.g., fire setting, being cruel to animals), that may be
more evident in the home setting.

Therefore, while previous research has implied that more
parsimonious screening procedures (i.e., single-rater) may be
accurate in predicting externalizing behavior longitudinally, it
has not directly measured the accuracy of single-rater, single-
time point screens in predicting adult crime. Therefore, a sec-
ondary goal of the current study was to compare different
combinations of screens taken at multiple time points (i.e.,
kindergarten and 1st grade) and in multiple settings (i.e., par-
ents reporting on the problem behaviors they observe in the
home setting and teachers reporting on the problem behaviors
they observe the school setting) using measures of sensitivity
and specificity to determine the most cost-effective, but accu-
rate screening procedures. Furthermore, to improve the clini-
cal utility of our findings, we also sought to determine how

two sets of adult caretakers can predict future serious antiso-
cial behavior (i.e., adult convictions) using measures that are
commonly used in the field to identify children with problem
behavior.

The Current Study

The current study had two primary aims and one secondary
goal. The first aim was to assess the accuracy of teacher and
parent screens taken during kindergarten and 1st grade in
predicting criminal behavior in adulthood (i.e., having at least
one adult conviction by age 25). Given previous research
demonstrating the effectiveness of early childhood screens in
predicting aggressive behavior later in childhood (e.g., Hill
et al. 2004; Stormont 2000) it was hypothesized that these
screening procedures would similarly predict criminal out-
comes in early adulthood. The second aim was to assess the
effects of varying base rates of convictions on the accuracy of
the early childhood screens. Specifically, we were interested
in how the success of screening measures varied by demo-
graphic variables (i.e., gender) and site location. Consistent
with research cited above, it was expected that screening pro-
cedures would more accurately predict having an adult con-
viction by age 25 in populations with higher conviction base
rates. We expected to find higher conviction base rates among
males relative to females and in urban locations relative to
rural sites; therefore, we hypothesized that screening proce-
dures would perform better for males and in urban sites. A
secondary goal of the study was to determine the most effi-
cient and cost-effective method of early childhood screening
by examining several combinations of parent and teacher
screens during two subsequent years. There was insufficient
research in this area to warrant directional hypotheses; there-
fore, these analyses were considered more exploratory in na-
ture. Demonstrating effective screening for single-rater/setting
or single-time point combinations would support the use of
more parsimonious and economical screening procedures.

Method

Sample

Data were collected as part of the Fast Track Project which
was designed to prevent the development of externalizing
problems and has been extensively described elsewhere
(e.g., CPPRG 1992; 2000). Participants were selected based
on a three-stage process. First, schools were evaluated in the
four locations: Durham, North Carolina; Nashville,
Tennessee; Seattle, Washington; and rural, central
Pennsylvania. Schools located in areas with high crime rates
were chosen based on high poverty rates and low education
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rates among parents of school-age children. Thirteen elemen-
tary schools in Durham, 10 in Nashville, 15 in Seattle, and 17
in rural Pennsylvania were identified. A slightly larger poten-
tial risk-population was identified at the rural Pennsylvania
site (i.e., more schools) in anticipation that there would be
lower conduct disorder risk rates at this site compared to the
other urban sites.

Next, schools were matched based on poverty rates, racial
makeup, and size and then randomly assigned to control or
intervention conditions. This study uses a normative sample of
387 children recruited from schools, assigned to the control
condition, and therefore unaffected by the intervention. All
kindergarten children at these control schools were stratified
based on race, sex, and decile of the teacher-reported screen of
problem behaviors (described in the BScreening Variables^
section). Next, participants were randomly chosen from race
and sex groups within each decile of teacher screens to create
a normative sample that was representative of the school’s
population. This procedure ensured that the normative sample
represented the population in the high-risk schools.

This normative sample received the teacher and parent
screens, as well as ongoing Fast Track assessments. The nor-
mative sample was 43% African American, 52% European
American, and 5% other ethnic backgrounds. Fifty-one percent
were male.

Screening Variables

The screening measures used in this study reflect the initial
rationale for screen selection during the initial phases of the
Fast Track project (e.g., CPPRG 1992; Lochman & CPPRG
1995). More specifically, the measures were chosen to repre-
sent commonly used screening measures assessing home- and
school-based externalizing behaviors. These measures were
designed to consider the perspectives of two different catego-
ries of adults who would have good access to children’s prob-
lem behavior in two unique settings (i.e., at home versus at
school).

Screening measures were collected at the end of kindergar-
ten and 1st grade. While the ratings of a child were typically
completed by the same primary caretaker in both years, the
teacher ratings were completed by different teachers (kinder-
garten teacher vs. 1st grade teacher).

Teacher Screen Teacher screens were composed of 14 behav-
ioral items from the Teacher Observation of Classroom
Adaptation-Revised (TOCA-R) measure evaluating external-
izing behavior in the classroom (items can be found at http://
fasttrackproject.org/techrept/s/shf/shf1tech.pdf; Werthamer-
Larsson et al. 1991). The screen included items, such as
Bstubborn,^ Bbreaks rules,^ and Bharms others,^ which were
rated on a scale of 0 (almost never) to 5 (almost always).
Internal consistency was high in kindergarten (∝ = 0.91) and

1st grade (∝ = 0.93). Ten items on the teacher screen over-
lapped with items on the parent screen and sought to assess
externalizing behaviors present it the classroom setting (e.g.,
disobedient, fights, breaks things). The remaining four items
assessed other areas of impaired school functioning that
teachers may observe in the classroom setting (i.e., on-task
behavior, friendliness, self-reliance, and ability to complete
assignments).

Parent Screen Parents completed the Child Problem Behavior
Scale during the summer after kindergarten (items can be
found at http://fasttrackproject.org/techrept/c/cpb/cpb1tech.
pdf). The measure was composed of 24 items drawn from
the Child Behavior Checklist (CBCL; Achenbach 1991; Nix
2001) and the Revised Problem Behavior Checklist (RPBC),
which was also derived from the CBCL. Home-based exter-
nalizing and oppositional behaviors, such as Btemper
tantrums^ and Bargues^ were rated on a scale from 1 (never)
to 4 (often). This scale had high internal consistency (∝ = 0.
87). Ten of the twenty-four items on the kindergarten parent
screen directly corresponded to items on the teacher screen;
however, the parent screen had an additional twelve items that
assessed a wider range of conduct problems, including some
more severe behaviors (e.g., Bcruel to animals,^ Bsets fires^).
First grade behavior was then rated on 21 items taken from the
CBCL, 17 of which were identical to items on the kindergar-
ten parent screen. The remaining 4 items on the 1st grade
screen assessed similar behaviors to that of the kindergarten
parent screen (i.e., Bthreatens people,^ Bdestroys own things,^
‘disobedient at home,^ and Bsteals at home^). Items on the 1st
grade parent screen were rated on a scale from 0 (never) to 2
(often). This scale also had high internal consistency (∝ = 0.
88).

Outcome Variable

Any Conviction by Age 25 Adult conviction data were collect-
ed from local court records and national databases based on
name, date of birth, and social security number. Conviction
was coded as missing if arrest records provided insufficient
information to determine the outcome of the arrest or whether
formal charges were pursued. Convictions for status offenses
(i.e., minors in possession of alcohol/tobacco, runaway, truan-
cy), probation violations, and minor traffic violations were
excluded. All other convictions were included, such as public
order violations (i.e., public consumption, loitering, and gam-
bling; 19% of convictions), driving under the influence of
alcohol/drugs (4% of convictions), drug possession and sale
(21% of convictions), property crimes (28% of convictions),
and violent crimes (28% of convictions). Based on data col-
lected over the entire study period, 55% of the current sample
were identified as Babstainers^ (indicating that they did not
have any convictions through age 25), 8% of the current
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sample were identified as Badolescent-limited^ (indicating
that they only had convictions prior to age 19), 17% of the
current sample were identified as Badult starters^ (indi-
cating that they only had convictions after age 18) and
20% of the current sample were identified as Blife
course persistent^ (indicating that they had at least one
conviction prior to age 19 and at least one conviction after
age 18; Goulter, Godwin, & CPPRG 2018).

Any Conviction was examined as a dichotomous variable
(0 indicating no convictions and 1 indicating one or more
adult convictions by age 25). Follow-up analyses also exam-
ined a dichotomous variable capturing Multiple Convictions
(0 indicating none or 1 conviction and 1 indicating two or
more adult convictions by age 25).

Attrition and Missing Data

Participants who were missing any screen score or outcome
variable were removed from the sample so that a consistent
sample was used to evaluate the effectiveness of different
combinations of screen scores across time and raters. Forty-
five potential participants (11.6% of the original 387 sample)
were missing 1 or more screen scores and eight of these were
missing conviction data, yielding a sample of 334 for this
study. Chi-square analyses revealed that Seattle was missing
significantly more screen scores compared to the other sites;
however, missing and non-missing samples did not differ by
race or gender.

Analytic Strategy

Sensitivity and specificity provide information regarding
whether the screening instrument is making useful predictions
about future outcomes (in this case, criminal behavior).
Cutoffs for screen scores must be set in order to assign at-
risk status to potential participants; however, there is a trade-
off between sensitivity and specificity when choosing a cutoff.
Based on a review of longitudinal studies examining sensitiv-
ity, it is unlikely that more than 50% of children exhibiting
externalizing behavior at age 4/5 will develop persistent con-
duct problems later (Bennett et al. 1998). Fifty percent of
conduct problem youth will develop antisocial behavior in
adolescence and adulthood, leading to a rule-of-thumb for
minimal sensitivity of 50% in screening research (Bennett
and Offord 2001). Bennett, Offord and colleagues (1999;
2001) have recommended that Positive Predictive Value
(PPV) be set at 50% as well as 50% for sensitivity in
assessments of screening tools for targeted prevention pro-
grams. With these preset criteria, at least half of those
children needing intervention would receive it (50% sen-
sitivity), and at least half of the children designated as Bat-
risk^ will in fact need the intervention (50% PPV). PPV is
linked to different levels of specificity depending on the

base rate of the outcome; for example, when the base rate
is low, then specificity can be quite high, and specificity
declines as the base rate increases. To determine the re-
quired specificity level, the values of sensitivity and PPV
(both equal to 0.5) are substituted into the equation defin-
ing PPV: specificity = 1–1.5*prevalence.

Bennett and Offord (2001) have noted that screening may
not be justified in normative samples with low base rates (e.g.,
5–10%), because screening tools will not meet the preset
criteria. However, with higher base rates (e.g., 20%) in nor-
mative elementary school populations from high-risk environ-
ments, early school screening has met the preset criteria of
50% sensitivity and 50% PPV (Hill et al. 2004). The norma-
tive school sample for the present study, representative of the
recruited schools, is the same as the one examined in Hill et al.
(2004), but looking at later criminal outcomes. The 50% rule-
of-thumb for sensitivity assessments of screening tools has
continued to be used for studies of screening accuracy (e.g.,
Sawyer et al. 2014). An additional benefit for using these
preset criteria of 50% for sensitivity and PPV is that they
provide a convenient frame of reference for comparing accu-
racy across other samples (Hill et al. 2004), as were done in
the site comparisons in the present study.

To assess the accuracy of different combinations of screen-
ing measures, six logistic regressions predicting the probabil-
ity of a conviction were estimated. All models included dum-
my variables capturing site, given that statistically significant
differences were found by site among those with and without
missing data for the screening variables. The models varied
based on which screen scores were included: (1) teacher
screen from kindergarten only, (2) teacher screen from 1st
grade only, (3) teacher screen from kindergarten and 1st grade,
(4) teacher and parent screen from kindergarten, (5) teacher
and parent screen from 1st grade, and (6) all four screen
scores. The different sensitivity and specificity values were
then calculated from the results. ROC curves were used to
visually depict the tradeoff between sensitivity (proportion
of true positives captured by the screen) and 1 minus specific-
ity (proportion of false positives captured by the screen) for
each screening cutoff point. The diagonal line represents com-
binations of sensitivity and (1-specificity) for which the
screening measures did not distinguish between those with
and without the outcome. ROC curves that are further away
from the diagonal line (and therefore those with greater area
under the curve) represent more accurate screening measures.
ROC curves visually display the screening measure cutoffs
that meet preset sensitivity and PPV requirements.

Following Hill et al. (2004), comparisons of model fit
across different specifications were facilitated by the
Akaike’s information criterion (AIC; Burnham and Anderson
2004). AIC measures goodness of fit using the likelihood of
the model adjusted for the number of parameters included in
the model. The best model fit is defined by the lowest AIC.
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Delta is calculated for each comparison model by subtracting
the minimum AIC among the 6 models from the comparison
model AIC. Models with delta less than or equal to 2 are
considered to have equivalent fit. Models with delta greater
than or equal to 4 have substandard fit (Bennett et al. 1999).
Nagelkerke’s R2 (Bennett et al. 1999; Nagelkerke 1991) is also
included to allow comparisons with the results presented in
Hill et al. (2004).

Results

Descriptive Statistics

Table 1 provides the means and standard deviations for the
different screen scores for the full sample as well as the sub-
samples by site and gender. The table also provides the pro-
portion of each sample with an adult conviction.

Predicting Any Conviction

Full Sample Table 2 provides the results when predicting Any
Conviction from different combinations of screen scores, con-
trolling for site. When specificity cutoffs were set to reflect the
base rate for the sample (0.398), in this case, specificity equals
0.669, all combinations of parent and teacher screen scores
met the sensitivity cutoff for well-performing screening tools.
When sensitivity cutoffs were set to 0.5, all except one model
met the specificity cutoff of 0.669 for a well-performing
screening tool, corresponding to PPV of 0.5 at a base rate of
0.398. The model with teacher and parent screens from 1st
grade did not meet the requirement. The model using both
teacher screens yielded the lowest AIC. The models using
all four screens, teacher screen from kindergarten only, and
teacher and parent screen from kindergarten also had accept-
able model fit with delta values less than 4.

Figure 1 provides the corresponding ROC curves from the
six combinations of screen scores. All cutoffs on the ROC
curve above the horizontal 0.5 sensitivity line represent cut-
offs for which sensitivity was 0.5 or greater. The intersections
of the ROC curves with the 0.5 sensitivity line are the points
described in the BSensitivity held at 0.5^ column of Table 2.
All cutoffs on the ROC curve to the left of the 0.331 vertical
line represent cutoffs for which PPV was 0.5 or greater (given
the sample base rate). The intersections of the ROC curves
with the 0.331 1-specificity line are the points described in the
BSpecificity held at 0.669^ column of Table 2. Therefore, the
cutoffs on the ROC curve in the upper left quadrant of the
figure reflect cutoffs that met both requirements of a good
screening measure. The point furthest away from the diagonal
line represents the most accurate cutoff.

While 4 screen score combinationsmet sensitivity and PPV
preset criteria and had acceptable fit (two teacher screen scores

representing the best model fit [yellow line in the figure],
kindergarten teacher only [red], both kindergarten screen
scores [green], and all four scores [brown]), they each had
different ideal cutoffs. Each ideal cutoff represents a different
trade off between capturing true positives and false positives.

Table 1 Descriptive statistics

N Mean SD

Full Sample

Teacher K Screen 342 16.77 11.62

Parent K Screen 342 50.77 10.74

Teacher 1st Screen 342 15.49 12.84

Parent 1st Screen 342 7.53 5.79

Any Conviction 334 0.40

Durham, NC

Teacher K Screen 95 18.35 11.00

Parent K Screen 95 49.16 10.89

Teacher 1st Screen 95 17.75 13.19

Parent 1st Screen 95 6.13 5.29

Any Conviction 93 0.48

Nashville, TN

Teacher K Screen 94 21.15 12.00

Parent K Screen 94 52.50 10.84

Teacher 1st Screen 94 19.37 12.81

Parent 1st Screen 94 9.73 7.15

Any Conviction 94 0.48

Seattle, WA

Teacher K Screen 61 14.10 10.85

Parent K Screen 61 50.77 10.03

Teacher 1st Screen 61 15.54 12.67

Parent 1st Screen 61 6.89 5.00

Any Conviction 55 0.27

Rural Pennsylvania

Teacher K Screen 92 12.45 10.50

Parent K Screen 92 50.65 10.83

Teacher 1st Screen 92 9.14 10.15

Parent 1st Screen 92 7.15 4.54

Any Conviction 92 0.30

Males

Teacher K Screen 172 19.51 11.75

Parent K Screen 172 53.49 10.80

Teacher 1st Screen 172 18.83 13.59

Parent 1st Screen 172 8.97 6.22

Any Conviction 166 0.56

Females

Teacher K Screen 170 14.00 10.83

Parent K Screen 170 48.01 9.97

Teacher 1st Screen 170 12.11 11.10

Parent 1st Screen 170 6.08 4.93

Any Conviction 168 0.24
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By SiteWhen Any Conviction was examined within each site
separately, a different pattern emerged (Table 3). For Durham
and Nashville, the base rates for Any Conviction were rela-
tively high, 0.484 and 0.479, respectively, and all the screen
score combinations performed well in terms of PPV and sen-
sitivity. In Durham, the kindergarten teacher only model had
the lowest AIC, although the models with both teacher scores
and both parent and teacher scores from kindergarten had
equivalent fit levels with delta values less than or equal to 2.
In Nashville, the model with both teacher scores had the low-
est AIC; however, all other models had delta scores less than 4
indicating sufficiently good fit.

In contrast, the base rates in Pennsylvania and Seattle were
considerably lower, 0.304 and 0.273 respectively, thus, the
screen scores did not perform as well. In Pennsylvania, the
requirements for PPV and sensitivity were only met when
kindergarten teacher and parent screen scores were used.
This model also had the lowest AIC. In Seattle, three models
met the PPV and sensitivity preset criteria: 1st grade teacher
only, both teacher screen scores, and all four screen scores.
The model with 1st grade teacher only had the lowest AIC;
however, the model with both teacher scores had equivalently
good fit with delta less than 2. The model with all four screens
had decidedly poorer fit with delta greater than 4.

Figure 2 provides the ROC curves for the individual site
models. For Durham and Nashville, the ROC curves for all
models fell in the upper left quadrant of the figure, indicating
that all combinations of screen scores had cutoffs that met the
preset PPVand sensitivity criteria. For Pennsylvania, the ROC
curves only passed through the upper left quadrant for two
models: kindergarten scores only (green) and all four scores
(brown). For Seattle, only two ROC curves passed through the
upper left quadrant: teacher scores only (yellow) and all four
scores (brown).

By Gender For males (base rate = 0.560), all combinations of
screen scores performed well in terms of PPV and sensitivity
(Table 4) in predicting Any Conviction. The model with both
teacher scores had the lowest AIC. Three other models also
had sufficiently good fit with delta values less than 4: kinder-
garten teacher only, teacher and parent from kindergarten, and
all four scores. For females, however, the base rate was low
(0.238) and, regardless of which screen scores were used, the
screening scores did not perform well in terms of PPV and
sensitivity. Figure 3 provides the ROC curves by gender. All
ROC curves for males fell within the upper left quadrant,
whereas none of the ROC curves fell in the upper left quadrant
for females.

Predicting Multiple Convictions

Follow-up analyses examined Multiple Convictions (defined
as having two or more adult convictions) by age 25 relative to
having zero or one conviction. Similar to Any Conviction,
results indicated that the model using both teacher screens
had the lowest AIC and met the sensitivity and PPV
requirements. The model using all four screens had
equivalent model fit with a delta value less than 2 and
met the sensitivity and PPV requirements. The models
using kindergarten teacher only and both teacher and
parent screens from kindergarten met the sensitivity
and PPV requirements but did not have adequate fit relative
to the best fitting model.

Discussion

Overall, these results indicate that screen scores for conduct
problems in early elementary school perform remarkably well

Table 2 Analyses of Any Conviction by age 25 (all models control for site)

Screen scores included in the model R2 AIC Delta Specificity held at 0.669 Sensitivity held at 0.5

(PPV= 0.5; Base Rate = 0.398)

Sens* Spec Sens Spec**

Teacher K (red) 0.18 411.52 3.00 0.586 0.692 0.526 0.746

Teacher 1st (orange) 0.14 422.43 13.91 0.526 0.687 0.504 0.706

Teacher K and Teacher 1st (yellow) 0.20 408.52 0.624 0.682 0.511 0.726

Teacher K and Parent K (green) 0.18 412.16 3.64 0.579 0.682 0.511 0.776

Teacher 1st and Parent 1st (blue) 0.15 421.35 12.83 0.511 0.692 0.511 0.692

Teacher K & 1st and Parent K & 1st (brown) 0.20 410.84 2.32 0.617 0.677 0.504 0.766

Screen score names in bold in column 1 indicate coefficients significant at the 5% level. Colors in parentheses indicate line color in corresponding Fig. 1.

* Bold values indicate models meeting sensitivity requirement for a good screen score system.

** Bold values indicate models meeting specificity requirement (corresponding to PPVequal to 0.5) for a good screen score system
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when predicting criminal convictions 20 years later. These
findings have important implications, suggesting that preven-
tion programs can be meaningfully provided to young chil-
dren and their families to prevent adult criminal behavior.
However, there is variation in screening success by site and
gender because of differences in base rates, emphasizing the
importance of considering these factors in the use of screening
measures.

Combined teacher screens from kindergarten and 1st grade
provided the most accurate and parsimonious prediction of
Any Conviction for the full sample. Previous research has
shown that teacher reports of externalizing behavior during
preschool account for up to 45% of the variance in the same
measures given during 1st grade (Heller et al. 1996).
Therefore, the increased effectiveness of using teacher screens
taken at both kindergarten and 1st grade may reflect the rela-
tive stability of externalizing behavior in the school setting
given that these behaviors were observed during both years.
Using teacher screens from both years also helps avoid any
reporting bias that may occur from relying on ratings from
only one teacher or one year. For example, teachers have been
shown to over- or under-estimate students’ academic abilities,

school readiness, peer acceptance, and teacher-child conflict
based on factors such as race, social skills, and presence of
inattention symptoms (Baker et al. 2015; Yates and Marcelo
2014). Therefore, relying on reports from multiple teachers
across years may help buffer against any teacher bias observed
during a single time-point.

In Durham and Nashville, where prevalence rates were high
(0.484 and 0.479, respectively), risk for Any Conviction was
accurately predicted with as little as one teacher screen of
classroom behaviors during kindergarten. This greatly impacts
the cost-efficiency of screening for adult criminal behavior for
these sites, eliminating the need formultiple-year andmultiple-
source screens. Therefore, sites with higher base rates may be
ideal for more minimalist screening procedures because they
allow for higher true positive rates, thereby affecting screen
sensitivity. In contrast, the prevalence rates were lower in
Pennsylvania and Seattle (0.304 and 0.273, respectively) and
therefore, more extensive screening procedures (i.e., using
multiple screens) may be necessary to accurately predict adult
criminal behavior for low prevalence sites.

The success of the screens also varied by gender. All
screening combinations performed well predicting Any

00.0
52.0

05.0
57.0

00.1

0.00 0.25 0.50 0.75 1.00
1-Specificity

T_K ROC area: 0.7136 T_1 ROC area: 0.6919
T_K_1 ROC area: 0.7232 TP_K ROC area: 0.7141
TP_1 ROC area: 0.7001 TP_K_1 ROC area: 0.7278
Reference

Fig. 1 Full Sample – Predicting
Any Conviction by Age 25
(Prevalence = 39%). Note: T_K
refers to model including
kindergarten teacher screen score.
T_1 refers to model including 1st
grade teacher screen score. T_K_
1 refers to model including
kindergarten and 1st grade teacher
screen scores. TP_K refers to
model including kindergarten
teacher and parent screen scores.
TP_1 refers to model including
1st grade teacher and parent
screen scores. TP_K_1 refers to
model including kindergarten and
1st grade teacher and parent
screen scores. All points above
the dotted horizontal 0.5
sensitivity line represent cutoffs
for which sensitivity was 0.5 or
greater. All cutoffs to the left of
the solid vertical line represent
cutoffs for which PPV is 0.5 or
greater (given the sample base
rate). Therefore, the cutoffs
represented by the ROC curve in
the upper left quadrant of the
figure reflect cutoffs that met both
requirements of a good screening
measure
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Conviction among males (base rate of 0.560), but none per-
formed well among females (base rate of 0.238). These results
indicate that for males (like higher base rate sites), more min-
imalist screening procedures at the time of a child’s entry into

school (such as a single teacher screen during kindergarten)
can accurately predict early adult criminal behavior. For fe-
males, on the other hand, other methods of screening may be
required to accurately predict later convictions. The higher

Table 3 Analyses of Any Conviction by age 25, by site

Durham, NC

Screen scores included in the model R2 AIC Delta Specificity held at 0.531 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.484)

Sens* Spec Sens Spec**

Teacher K (red) 0.17 119.8 0.756 0.542 0.556 0.792

Teacher 1st (orange) 0.06 128.6 8.80 0.600 0.604 0.556 0.646

Teacher K and Teacher 1st (yellow) 0.17 121.8 2.00 0.756 0.542 0.533 0.729

Teacher K and Parent K (green) 0.18 121.7 1.90 0.733 0.542 0.511 0.750

Teacher 1st and Parent 1st (blue) 0.08 129.3 9.50 0.600 0.542 0.511 0.667

Teacher K & 1st and Parent K & 1st (brown) 0.20 123.8 4.00 0.711 0.542 0.511 0.729

Nashville, TN

Screen scores included in the model R2 AIC Delta Specificity held at 0.54 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.479)

Sens* Spec Sens Spec**

Teacher K (red) 0.11 125.8 0.20 0.622 0.551 0.511 0.633

Teacher 1st (orange) 0.09 127.9 2.30 0.533 0.551 0.511 0.571

Teacher K and Teacher 1st (yellow) 0.14 125.6 0.556 0.551 0.511 0.633

Teacher K and Parent K (green) 0.11 127.8 2.20 0.578 0.551 0.511 0.633

Teacher 1st and Parent 1st (blue) 0.12 127.5 1.90 0.622 0.551 0.533 0.592

Teacher K & 1st and Parent K & 1st (brown) 0.16 128.5 2.90 0.578 0.551 0.511 0.633

Rural Pennsylvania

Screen scores included in the model R2 AIC Delta Specificity held at 0.782 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.304)

Sens* Spec Sens Spec**

Teacher K (red) 0.14 107.2 2.10 0.393 0.828 0.500 0.766

Teacher 1st (orange) 0.12 109.1 4.00 0.464 0.797 0.500 0.781

Teacher K and Teacher 1st (yellow) 0.18 106.5 1.40 0.464 0.797 0.500 0.766

Teacher K and Parent K (green) 0.20 105.1 0.536 0.797 0.500 0.828

Teacher 1st and Parent 1st (blue) 0.12 111.1 6.00 0.464 0.797 0.500 0.656

Teacher K & 1st and Parent K & 1st (brown) 0.23 106.9 1.80 0.464 0.813 0.500 0.781

Seattle, WA

Screen scores included in the model R2 AIC Delta Specificity held at 0.812 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.273)

Sens* Spec Sens Spec**

Teacher K (red) 0.11 64 3.20 0.267 0.825 0.533 0.675

Teacher 1st (orange) 0.19 60.8 0.533 0.825 0.533 0.850

Teacher K and Teacher 1st (yellow) 0.19 62.7 1.90 0.533 0.825 0.533 0.825

Teacher K and Parent K (green) 0.11 66 5.20 0.267 0.825 0.533 0.650

Teacher 1st and Parent 1st (blue) 0.19 62.5 1.70 0.467 0.825 0.533 0.800

Teacher K & 1st and Parent K & 1st (brown) 0.20 66.4 5.60 0.533 0.825 0.533 0.825

Screen score names in bold in column 1 indicate coefficients significant at the 5% level. Colors in parentheses indicate line color in corresponding Fig. 2.

* Bold values indicate models meeting sensitivity requirement for a good screen score system.

** Bold values indicate models meeting specificity requirement (corresponding to PPVequal to .5) for a good screen score system
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base rates among boys found in this sample support previous
research showing more elevated rates of externalizing behav-
ior in boys than girls (e.g., Martel 2013; Zoccolillo et al.
1996). Thus, it is important to consider gender, as well as site,

when estimating base rates and identifying accurate prediction
of future criminal behavior by screens. These results are also
consistent with research demonstrating more oppositional de-
fiant disorder (ODD) diagnoses among boys than girls based

DURH (Prevalence = 48.4%)

NASH (Prevalence = 47.9%)

PENN (Prevalence = 30.4%)

WASH (Prevalence = 27.3%)
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Fig. 2 Predicting Any Conviction by Age 25, by Site. Note: Abbreviations
refer to screen scores included in the model: T_K= kindergarten teacher
screen score only, T_1 = 1st grade teacher screen score only, T_K_1 =
kindergarten and 1st grade teacher screen scores, TP_K = kindergarten
teacher and parent screen scores, TP_1 = 1st grade teacher and parent
screen scores, and TP_K_1 = kindergarten and 1st grade teacher and

parent screen scores. All points above the dotted horizontal 0.5 sensitivity
line represent cutoffs for which sensitivity was 0.5 or greater. All cutoffs to
the left of the solid vertical line represent cutoffs for which PPV is 0.5 or
greater (given the sample base rate). Therefore, the cutoffs represented by
the ROC curve in the upper left quadrant of the figure reflect cutoffs that
met both requirements of a good screening measure
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Table 4 Analyses of Any Conviction by age 25, by gender

Males

Screen scores included in the model R2 AIC Delta Specificity held at 0.364 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.560)

Sens* Spec Sens Spec**

Teacher K (red) 0.20 211.49 0.54 0.817 0.384 0.505 0.753

Teacher 1st (orange) 0.16 216.00 5.05 0.860 0.370 0.527 0.753

Teacher K and Teacher 1st (yellow) 0.21 210.95 0.849 0.370 0.505 0.767

Teacher K and Parent K (green) 0.20 213.41 2.46 0.796 0.384 0.505 0.726

Teacher 1st and Parent 1st (blue) 0.17 217.19 6.24 0.882 0.370 0.527 0.753

Teacher K & 1st and Parent K & 1st (brown) 0.22 214.41 3.46 0.849 0.370 0.505 0.753

Females

Screen scores included in the model R2 AIC Delta Specificity held at 0.844 Sensitivity held at 0.5
(PPV= 0.5; Base Rate = 0.238)

Sens* Spec Sens Spec**

Teacher K (red) 0.11 182.18 0.250 0.852 0.500 0.633

Teacher 1st (orange) 0.06 187.59 5.41 0.250 0.852 0.575 0.516

Teacher K and Teacher 1st (yellow) 0.11 184.17 2.00 0.250 0.852 0.525 0.617

Teacher K and Parent K (green) 0.11 184.13 1.95 0.250 0.852 0.525 0.617

Teacher 1st and Parent 1st (blue) 0.06 189.59 7.41 0.250 0.852 0.550 0.508

Teacher K & 1st and Parent K & 1st (brown) 0.11 188.11 5.93 0.250 0.852 0.525 0.578

Screen score names in bold in column 1 indicate coefficients significant at the 5% level. Colors in parentheses indicate line color in corresponding Fig. 3.

* Bold values indicate models meeting sensitivity requirement for a good screen score system.

** Bold values indicate models meeting specificity requirement (corresponding to PPVequal to 0.5) for a good screen score system

Male (Prevalence = 56.0%) Female (Prevalence = 23.8%)
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Fig. 3 Predicting Any Conviction by Age 25, by Gender. Note:
Abbreviations refer to screen scores included in the model: T_K =
kindergarten teacher screen score only, T_1 = 1st grade teacher screen
score only, T_K_1 = kindergarten and 1st grade teacher screen scores, TP_
K= kindergarten teacher and parent screen scores, TP_1 = 1st grade teacher
and parent screen scores, and TP_K_1 = kindergarten and 1st grade teacher

and parent screen scores. All points above the dotted horizontal 0.5
sensitivity line represent cutoffs for which sensitivity was 0.5 or greater.
All cutoffs to the left of the solid vertical line represent cutoffs for which
PPV is 0.5 or greater (given the sample base rate). Therefore, the cutoffs
represented by the ROC curve in the upper left quadrant of the figure reflect
cutoffs that met both requirements of a good screening measure
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on teacher reports, suggesting that teachers may be less sensi-
tive to ODD symptoms in girls, leading to an under-estimation
of ODD in this population (McNeilis et al. 2017). This further
suggests that factors other than the base rate of a be-
havior could affect the predictive utility of early behav-
ior problems among girls; therefore, further research is needed
on the best practices for predicting later externalizing out-
comes among girls.

Combined teacher and parent screens were effective in
predicting Any Conviction, but the effectiveness of the year
(kindergarten versus 1st grade) varied by site. In Durham and
Pennsylvania, combined teacher and parent screens taken dur-
ing kindergarten performed well, while in Nashville and
Seattle, combined teacher and parent screens taken during
1st grade performed well. Overall, however, results suggest
that screens assessing home-based behavior are not necessary
for the accurate prediction of adult criminal behavior and that
adequate screening can be accomplished with classroom-
based screening alone. This is consistent with previous re-
search conducted over shorter time periods in elementary
school which has indicated that parent-screening adds little
incremental validity when teacher screens are available (e.g.,
Hill et al. 2004; Lochman & CPPRG 1995). Further, as noted,
in populations with higher base rates, a single measure of
classroom-based behavior taken during kindergarten can ac-
curately predict adult criminal behavior. It is also important to
note that mean levels of teacher screen scores varied across
site in ways that paralleled the differential rates of future
crime. In contrast, parent screen scores were very similar
across the sites. It is possible that parents have less basis for
comparison with other children in the home setting than
teachers do in the school setting, making it difficult for them
to determine normative levels of these behaviors. In addition,
aggressive behavior exhibited at home may reflect parent-
child conflict which, alone, may signal less risk for future
crime than aggressive behavior exhibited in school settings,
which may represent more pervasive self-regulation difficul-
ties (Stormshak, Bierman, & CPPRG 1998).

Limitations

Despite the strengths of the current study (such as the use of a
large, nationally-representative sample), there are several lim-
itations that should be considered. While the current study
drew its sample from four unique sites, future research should
work to replicate these results in samples from other locations.
In addition, given the success of screening procedures in
predicting convictions effectively only for boys, it is important
that future research determine better ways to predict outcomes
for at-risk girls. It is possible that girls’ overt externalizing
behavior is less severe and therefore less stable across time,
leading them to Bfall out^ of these predictive trajectories (Hill
et al. 2004). In the future, it will be important to continue to

assess the utility and cost-effectiveness of screening proce-
dures specifically for low base rate populations (e.g., girls).
Finally, some participants from the original sample did not
have complete data and therefore could not be included in
analyses. However, 86% of participants from the original
study were still able to be used in the present study.

Implications and Conclusions

Successful screening for later externalizing behavior is a pre-
requisite for targeted prevention for at-risk children. Findings
from this study confirm that such screening procedures exist
and can accurately predict externalizing behavior outcomes,
such as adult convictions, almost 20 years later. In addition,
this study demonstrated that screening procedures can be par-
ticularly effective in populations in which base rates of exter-
nalizing behaviors are high. Understanding the utility, but also
the limitations, of screening procedures is essential to provid-
ing the most effective, targeted preventative interventions.
Therefore, these findings can inform the development and
use of cost-effective and accurate screening tools in high-
risk communities to prevent externalizing outcomes, such as
convictions, through early intervention.
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