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Abstract

Growing concerns exist about violent crimes perpetrated by U.S. military personnel. Although
interventions exist to reduce violent crimes in high-risk populations, optimal implementation
requires evidence-based targeting. The goal of the current study was to use machine learning
methods (stepwise and penalized regression; random forests) to develop models to predict minor
violent crime perpetration among U.S. Army soldiers. Predictors were abstracted from
administrative data available for all 975,057 soldiers in the U.S. Army 2004-2009, among whom
25,966 men and 2,728 women committed a first founded minor violent crime (simple assault,
blackmail-extortion-intimidation, rioting, harassment). Temporally prior administrative records
measuring socio-demographic, Army career, criminal justice, medical/pharmacy, and contextual
variables were used to build separate male and female prediction models that were then tested in
an independent 2011-2013 sample. Final model predictors included young age, low education,
early career stage, prior crime involvement, and outpatient treatment for diverse emotional and
substance use problems. Area under the receiver operating characteristic curve was 0.79 (for men
and women) in the 2004—-2009 training sample and 0.74-0.82 (men-women) in the 2011-2013 test
sample. 30.5-28.9% (men-women) of all administratively-recorded crimes in 2004—-2009 were
committed by the 5% of soldiers having highest predicted risk, with similar proportions (28.5-
29.0%) when the 2004—2009 coefficients were applied to the 2011-2013 test sample. These results
suggest that it may be possible to target soldiers at high-risk of violence perpetration for preventive
interventions, although final decisions about such interventions would require weighing predicted
effectiveness against intervention costs and competing risks.

Keywords
crime perpetration; military violence; prediction model; risk model; violence prediction

INTRODUCTION

Concerns about non-combat-related violence among U.S. military personnel (Department of
the U.S. Army, 2012; Institute of Medicine, 2010) have led to universal prevention programs
being implemented to train soldiers in violence reduction strategies (Department of Defense
Instruction, 2014; Fort Lee, 2014). More intensive prevention programs exist (Naeem et al.,
2009; Shea et al., 2013), but would be cost-effective only if fargeted at soldiers with high
risk of violence (Foster & Jones, 2006; Golubnitschaja & Costigliola, 2012). Tools have
been developed to assess individual-level violence risk in forensic and inpatient settings
(Whittington et al., 2013), but are labor-intensive (e.g., requiring in-depth one-on-one
clinical evaluations), making them unrealistic to use in a large workforce such as the
military.

A more practical approach for targeting would be to use routinely collected Army/DoD
administrative data to develop actuarial prediction models of violence risk (Berk, 2008;
Clarke et al., 2009). A model of this sort was recently developed to identify U.S. Army
soldiers at high risk of major physical violent crime perpetration (e.g., homicide-
manslaughter, aggravated assault) (Rosellini et al., 2016). The 5% of soldiers with highest
predicted risk in that model accounted for roughly one-third of all major physical violent
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crimes among soldiers. However, 85% of physical violent crimes in the Army are minor
(e.g., simple assault, verbal aggression-harassment) and arguably lead to more distress-
impairment in the population than less common major violence. A model to predict minor
violence is likely to be different from one for major violence crimes because the predictors
of the two are known to differ (Elbogen et al., 2014a; Elbogen et al., 2013; Elbogen et al.,
2012; Gallaway et al., 2012; Sullivan & Elbogen, 2014). We consequently attempted to
develop parallel models for Army men and women in to predict minor violent crimes.

MATERIALS AND METHODS

Sample

Measures

The training sample—The Historical Administrative Data System (HADS) of the Army
Study to Assess Risk and Resilience in Servicemembers (Army STARRS) was used to
develop the models (Ursano et al., 2014). The HADS combined de-identified data from 38
Army/DoD administrative sources (Supplemental Table 1) using a common ID code for the
975,057 Regular U.S. Army soldiers serving in 2004-2009 (Kessler et al., 2013). As
detailed below, the HADS was analyzed using discrete-time survival analysis with person-
month the unit of analysis (Willett & Singer, 1993). Each month in each soldier’s career over
the study period was treated as a separate observational record. Models were built separately
for men and women based on evidence that violence risk factors differ by sex (Whittington
et al., 2013). We focused on predicting first offenses because the vast majority of all soldiers
who perpetrated minor violent crimes were first offenses (82% among men; 88% among
women). We excluded familial violence because the vast majority of administratively-
reported Army violence is non-familial, and predictors of familial violence are quite
different from those of non-familial violence (Elbogen et al., 2010a; Marshall et al., 2005;
Sullivan & Elbogen, 2014). Given the rarity of the outcome, we used the logic of case-
control analysis to select a probability sample of control person-months weighted by the
inverse of their probability of selection (Schlesselman, 1982).

The test sample—Model performance was tested by applying the coefficients estimated
in the training sample to an independent test sample of 48,718 soldiers who participated in
Army STARRS surveys in 2011-2012. We had administrative data for these survey
respondents through December 2013. The STARRS survey samples, which are described in
detail elsewhere (Kessler et al., 2013), consisted of probability samples of soldiers at all
phases of service (basic training, non-deployed, deployed; roughly 1.3 million person-
months).

Minor violence—Five administrative databases were used to obtain information about
date, type, and judicial outcome of all reported crimes occurring over the study period
(Supplemental Table 2). Crime types were coded according to the Bureau of Justice
Statistics National Corrections Reporting Program (NCRP) classification system (U.S.
Department of Justice, 2009). A total of 28,694 soldiers in the training sample and 747 in the
test sample were classified as committing a non-familial minor violent crime (e.g., simple
assault, blackmail-extortion-intimidation, harassment). Consistent with previous research on
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administratively-recorded crime (Army Suicide Prevention Task Force & Chiarelli, 2010;
Department of the U.S. Army, 2012; Skeem et al., 2015; Steadman et al., 2015), the outcome
was any founded crime; that is, one for which the Army found sufficient evidence to warrant
investigation of the soldier. This decision was based on the fact that founded crime records
reflect actual violent behaviors much more closely than do conviction records, as the latter
are strongly influenced by the vagaries of bureaucratic processing by the criminal justice
system (e.g., charges being dropped because the arresting officer failed to read the suspect
his/her rights before questioning or in conjunction with an agreement for a guilty plea to a
non-violent offense).

Independent variables—A number of studies have examined predictors of minor
violence perpetration in samples of active duty military personnel (Gallaway et al., 2012;
Gallaway et al., 2013; MacManus et al., 2012a; MacManus et al., 2012b; MacManus et al.,
2013) or veterans (Elbogen et al., 2014a; Elbogen et al., 2010a; Elbogen et al., 2013;
Elbogen et al., 2012; Elbogen et al., 2014b; Hellmuth et al., 2012; Jakupcak et al., 2007;
Sullivan & Elbogen, 2014). Four broad classes of significant predictors have been identified
(Elbogen et al., 2010a): socio-demographic/dispositional (e.g., sex, race-ethnicity,
personality); historical (e.g., childhood experiences, military career experiences, prior
violence); clinical (e.g., mental and physical disorders, including PTSD and TBI); and
contextual/environmental (e.g., access to weapons). As our analysis was carried out using
administrative data collected for other purposes, we were not able to operationalize all
predictors in these previous studies. However, we were able to identify 446 independent
variables operationalizing previously-documented predictors: 21 socio-demographics, 104
historical (38 defining military career experiences and 66 representing prior crime
perpetration-victimization), 282 clinical (measures of specific treated mental disorders and
broader classes of mental and physical disorders; classes of filled prescriptions), and 39
contextual-environmental (unit characteristics; registered weapons) variables. These
variables were defined based on administrative records as of the month priorto the target
person-month to make sure these variables were not consequences of being arrested for the
violent crime. A complete description of these variables is available online (Supplemental
Tables 3-6).

Analysis methods

Data analysis was carried out remotely by Harvard Medical School analysts on a secure
server at the University of Michigan Army STARRS Data Coordination Center. De-
identified analysis was approved by the Human Subjects Committees of the Uniformed
Services University of the Health Sciences for the Henry M. Jackson Foundation (the
primary Army STARRS grantee), the University of Michigan, and Harvard Medical School.
The governing Institutional Review Boards did not require informed consent because HADS
data were de-identified.

Analysis began by using cross-tabulations to calculate outcome incidence (expressed as
number of founded crimes per 1,000 person-years). Model-building was then based on
discrete-time person-month survival analysis rather than incidence analysis (Willett &
Singer, 1993). This is an important distinction because examination of risk factors based on
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incidence analysis can yield inaccurate results (Kraemer, 2009). Our models examined
predictors of first occurrence of a founded minor violent crime in each month of the career
of each soldier in the Army between January 2004 and December 2009. The models allowed
for time-varying independent variables, as the vast majority of variables had values that
changed over time (e.g., rank, time in service, history of prior health care visits, etc.).

The major challenge in developing these models was that use of such a large number of
independent variables introduces the possibility of over-fitting. Machine learning methods
were used to minimize this problem by searching for stable data patterns. A six-step model
building approach was used (see Supplemental Table 7 for additional details):

Vi.

Bivariate associations of temporally prior independent variables with the
outcome were examined, controlling for historical time (season, year),
using SAS Version 9.3 proc logistic (SAS Institute Inc., 2010). Functional
forms of significant non-dichotomous predictors were transformed to
capture substantively plausible nonlinearities.

We then estimated multivariate models that included all significant
bivariate predictors but, as expected, model coefficients were highly
unstable due to strong inter-correlations among predictors.

Ten-fold cross-validated forward stepwise regression (Anderssen et al.,
2006; Kohavi, 1995) was used to identify the optimal number of
independent variables to maximize sensitivity (i.e., the proportion of all
observed crimes detected) among the 5% of soldiers with highest
predicted risk.

A search for interactions among all significant bivariate predictors was
carried out using the R-package RandomForests (RF) (Liaw & Wiener,
2002). The incremental improvement in fit achieved by using RF was
determined by adding a composite variable representing the RF predicted
probability to the optimal regression model estimated in the previous step
and evaluating incremental increase in sensitivity among soldiers in the
top 5% of cross-validated predicted risk.

In order to compensate for selection of suboptimal predictors in stepwise
models, we estimated elastic net penalized regression models (Zou &
Hastie, 2005) using the R-package g/mnet (Friedman et al., 2010) with the
number of independent variables fixed to approximate the optimal number
in the stepwise models. Given the active debate about identifying high-risk
individuals using information about race-ethnicity (Berk, 2009), this step
was carried out both with and without race-ethnicity among the
independent variables.

Conventional (unpenalized) discrete-time survival models were estimated
using the best set of independent variables selected in the elastic net
models in order to compare unpenalized with penalized model
coefficients. Coefficients from both models were then used to calculate
predicted probabilities of the outcome for each person-month. Person-

J Psychiatr Res. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rosellini et al.

RESULTS

Page 6

months were ranked by predicted probability and grouped into 20
categories of equal size (ventiles; with the highest 5% of predicted risk
being the “top-ventile”) and the proportion of observed crimes in each
predicted-risk ventile (i.e., sensitivity) was calculated. The coefficients
were then applied to the test sample to calculate sensitivity and positive
predictive value (i.e., number of crimes per 1,000 person-years) among the
5% of soldiers with the highest predicted risk.

Incidence by sex, time-in-service, and deployment status

Incidence was significantly higher among men than women (10.0/1,000 person-years versus
6.4/1,000 person-years; x 21=630.5, p<.001) and inversely related to time-in-service
(X27:776.9—6,061.0, p<.001). (Table 1) Incidence was lower among currently-deployed
(3.4-2.4/1,000 person-years) than never-deployed (12.5-7.5/1,000 person-years) or
previously-deployed (11.6-6.5/1,000 person-years; X21:175.4—4,167.8, p<.001) soldiers and
generally declined with time-in-service (Supplemental Table 8).

Building the models

The majority of independent variables had significant (.05 level, two-sided tests) bivariate
associations with the outcome among men (88.1%) and women (77.3%) (Supplemental
Table 9-22). Sensitivity among soldiers in the top 5% of cross-validated predicted risk was
optimized in stepwise models using roughly two dozen predictors. As sensitivity improved
by less than 1% when the RF variables were added to the models (Supplemental Table 23),
RF was excluded from the elastic net models. The latter models selected 27 predictors as
optimal for men and 24 for women. The 5% of men with highest predicted risk in the
optimal model accounted for 30.5% of all crimes. The comparable percentage was 28.9%
among women. Area under the receiver operating characteristic curve (AUC) was 0.79 for
both men and women. Incidence in the top-ventile of predicted risk (i.e., positive predictive
value) was 60.8/1,000 person-years among men and 36.9/1,000 among women. Model
performance was slightly lower when excluding race-ethnicity and allowing the elastic net
models to replace race-ethnicity with other independent variables (Supplemental Table 23).

Final model predictors

Four socio-demographic variables were in the final elastic net models (both sexes): younger
age, Non-Hispanic Black race-ethnicity, less than high school education, and high school
graduate with no college education.(Table 2) Six Army career variables were in the models
(both sexes): non-deployed status, Area-based Component Commands (i.e., Commands
responsible for Army operations in specific regions of the world), low Armed Forces
Qualifications Tests score, past 12-month demotion, E1-E4 rank, and E5-E6 rank. Less than
10 years of service and having a recent positive drug test were associated with increased risk
only among men.

Six indicators of past 12—24 month crime perpetration and victimization, all associated with
increased risk were in the final models: number of different types of perpetration in the past
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12 months, any major violence perpetration in the past 12 months, any crime perpetration in
the past 12 and past 24 months, and any major violence victimization in the past 12 and 24
months. Three additional crime variables were associated with elevated risk only among
men (number of different types of perpetration in the past 24 months; perpetration of major
violence in the past 24 months, number of different victimization types in the past 12
months) and another three only among women (any crime victimization in the past 12 and
24 months, number of different victimization types in the past 24 months).

Finally, whereas three clinical variables were associated with increased risk in both sexes
(number of outpatient visits for any mental disorder in the past three months, any outpatient
visits for marital problems in the past 12 months, any outpatient visits for stressors/
adversities in the past 12 months), another three were significant only among men (number
of outpatient visits for any mental disorder in the past 12 months, any outpatient visits for an
alcohol disorder in the past 12 months, any outpatient visits for other substance disorder in
the past 12 months) and two others only among women (inpatient treatment for any mental
disorder in the past 3 and 12 months). No contextual-environmental variables were selected
by elastic net.

Model accuracy was virtually identical when using the elastic net coefficients or
conventional (unpenalized) discrete-time survival coefficients (Figure 1 and Supplemental
Table 23), but six of the variables selected for men and four for women had variance
inflation factors =5.0 (indicative of multicollinearity) (Belsley, 1991; Stine, 1995) in the
unpenalized models. (Table 2) We consequently used the predicted probabilities generated
from the elastic net models in subsequent investigations of model performance.

Comparability with the models for major violent crime

Major violent crime perpetration was a significant predictor in the final models (both sexes).
In addition, roughly three-fourths of the predictors in the optimal models for minor violent
crime were similar to predictors in our previously-published models for major violent crime
(Rosellini et al., 2016). Based on these results, a question could be raised whether the
previously-developed models for major violent crime might be equally useful in predicting
minor violent crime. We evaluated this question by using the coefficients from our
previously-develop major physical violent crime models to predict minor violent crime.
Sensitivity in the top-ventile of risk among men decreased from 30.5% to 25.8% and among
women from 28.9% to 21.9%.

Stability over longer time periods and different points in the military career

The models were designed to predict crime perpetrated in the next month. It is not clear how
well prediction accuracy holds up over longer time periods. We addressed this question by
estimating sensitivity in the top-ventile of predicted risk for all possible 1-month, 6-month,
and 12-month follow-up periods from January 2004 through January 2009 (12-months of
follow-up data were unavailable after January 2009) and also by dividing the period between
January 2004 and January 2009 in half and thirds. (Table 3) Results were quite consistent
over years, with sensitivity in the top-ventile of predicted risk highest over 1-month time
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periods averaging 28.5% for men and 25.3% for women and remaining elevated over 6-
month (22.7-20.9% men-women) and 12-month (18.4-17.8% men-women).

Although several indicators of early career stage were significant predictors, the failure of
RF to improve model performance suggests that there were no substantial interactions
between career stage and other independent variables. Nevertheless, sensitivity in the top-
ventile of predicted risk varied inversely with time-in-service among both men and women
(X27—6: 1014.1-89.8, p<.001) (Table 4). However, when cut-points were recalibrated to
focus on the 5% of soldiers at highest predicted risk within each time-in-service subsample,
the association between time-in-service and sensitivity in the top-ventile of predicted risk
became non-significant (25.2-28.1% among men, X27:5.4, p=.61; 20.4-25.6% among
women, y27=3.5, p=.84). In contrast, the association of time-in-service with incidence in the
top-ventile of predicted risk /ncreased when ventiles were defined within time-in-service
subsamples. When the top-ventile of predicted risk was defined in the total male sample, for
example, incidence was highest in the first year of service (71.2/1,000 person-years) and
lowest in the second decade of service (39.7/1,000 person-years; X27:109.5, p<.001). When
using the within time-in-service top-ventile cut-points, incidence was even higher in the
second year-of-service (82.2/1,000 person-years) and even lower in the third decade of
service (11.9/1,000 person-years).

Test sample performance

The penalized coefficients estimated in the 2004—2009 models were applied to the test
sample through the end of 2013. Sensitivity in the top-ventile of predicted risk was very
similar in this test sample as in the training sample: 28.5% for men and 29.0% for women.
AUC was 0.74 for men and 0.82 for women.

DISCUSSION

Although numerous studies have examined risk factors for soldier-veteran violence (Elbogen
et al., 2014a; Elbogen et al., 2013; Elbogen et al., 2012; Elbogen et al., 2014b; Elbogen et
al., 2010b; Gallaway et al., 2012; Gallaway et al., 2013; Hellmuth et al., 2012; Jakupcak et
al., 2007; MacManus et al., 2012a; MacManus et al., 2012b; MacManus et al., 2013;
Sullivan & Elbogen, 2014), no attempts were made to develop individual-level risk scores
prior to our recent work predicting major violence (Rosellini et al., 2016). The goal of the
current study was to develop comparable models for minor violent crime. We found that
such models could be developed and that these models had AUCs equal to or higher than
those of widely-used violence risk tools developed for forensic and inpatient settings
(Whittington et al., 2013).

Despite the fact that penalized regression methods are designed to maximize overall model
performance at the expense of individual coefficient accuracy, several observations about the
predictors in our models are noteworthy. First, we found that young age and indicators of
disadvantaged socio-demographic and career status were the strongest predictors of
violence. This pattern is consistent with many previous studies (Gallaway et al., 2012;
MacManus et al., 2012a; MacManus et al., 2013), although we were unable to evaluate any
of the numerous hypotheses advanced to account for these associations (Fear et al., 2009;
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Hariri et al., 2000; Harman et al., 2001; Hourani et al., 2006). One noteworthy exception,
though, was that being unmarried, which is typically part of the constellation of variables
related to young age and low social status predicting violent crime (Blokland &
Nieuwbeerta, 2005; Sampson et al., 2006), was absent from our final models. This is part of
a larger pattern of the protective effects of marriage being weaker in the U.S. Army than the
general population (Gilman et al., 2014). It is also noteworthy in this regard that treatment
for marital problems was in our final models for both sexes even though previous research
has suggested that marital problems are associated only with intimate partner violence, not
non-familial violence (Elbogen et al., 2010a).

Second, not only prior crime perpetration but also several measures of prior crime
victimization were selected in the models for both sexes. This is consistent with previous
research showing that recent victimization is associated with subsequent crime perpetration
(Sadeh et al., 2014), a pattern typically interpreted as due to subcultural factors related to the
use of violence as a means of dispute resolution and to reciprocal processes of interpersonal
provocation and retaliation (Silver et al., 2011).

Third, diagnosed-treated mental disorders accounted for roughly one-fifth of all the
predictors in our final models. This is broadly consistent with previous research finding
mental disorders associated with elevated violence rates (Swanson et al., 2015a; Swanson et
al., 2015b), although it is noteworthy that neither PTSD nor TBI, two of the most commonly
studied risk factors for violence perperation among soldiers (Grafman et al., 1996; Gallaway
et al., 2012; Hellmuth et al., 2012; Elbogen et al., 2014b; Sullivan & Elbogen, 2014), was
among the final model predictors.

Even though positive predictive value was roughly six times as high in the highest risk
ventile of our models as the total-population, minor violent crimes are still relatively rare
even among highest-risk soldiers, with only 6% of men and 3% of women in the highest-risk
ventile perpetrating minor violence during the subsequent month (although the stability of
predictions over time means that an additional 5% of men in the highest-risk ventile
committed a minor violent crime in the following month, an additional 4% in the third
month, etc.). This observation raises the question whether minor violent crime prevalence is
sufficiently high to warrant using prediction models to target soldiers for high-risk
preventive interventions. The only principled way to answer this question is to carry out a
systematic cost-effectiveness analysis taking into consideration both the benefits of available
interventions in reducing violent crime to victims, perpetrators, and the Army and
intervention costs (including competing risk, such as risks to soldiers labeled as being “high
risk,” the majority of whom would, in fact, not commit a crime in the absence of an
intervention). Such an analysis is beyond the scope of this report.

The analysis was limited by the administrative data not including all significant predictors of
violence found in previous research (e.g., information on witnessing family violence as a
child and other pre-accession violent behaviors; Elbogen et al., 2013; Elbogen et al., 2014b).
Furthermore, we did not investigate the causal influences of modifiable risk factors to help
guide the design of preventive interventions. However, we achieved our more modest goal of
demonstrating that useful prediction models can be developed from existing administrative
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data. Given the availability of administrative variables for all soldiers in the Army, it would
be relatively easy to generate predicted risk scores for each soldier and to update these
scores over time to monitor changes for purposes of guiding targeted preventive
interventions. Whether cost-effectiveness considerations judge this to be something that
would have a positive net value, though, is a matter that requires future analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proportion of observed crimes committed by Ventile of Predicted Risk Based on the
Final Discrete-Time Survival Models of Men (27 predictors) and Women (24 predictors)

a\entiles are 20 groups of person-months of equal frequency dividing the total sample of
person-months into equally sized groups defined by level of predicted perpetration risk
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