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Objectives: An actuarial model was developed in the MacArthur Vio-
lence Risk Assessment Study to predict violence in the community
among patients who have recently been discharged from psychiatric fa-
cilities. This model, called the multiple iterative classification tree (ICT)
model, showed considerable accuracy in predicting violence in the con-
struction sample. The purpose of the study reported here was to deter-
mine the validity of the multiple ICT model in distinguishing between
patients with high and low risk of violence in the community when ap-
plied to a new sample of individuals. Methods: Software incorporating
the multiple ICT model was administered with independent samples of
acutely hospitalized civil patients. Patients who were classified as having
a high or a low risk of violence were followed in the community for 20
weeks after discharge. Violence included any battery with physical in-
jury, use of a weapon, threats made with a weapon in hand, and sexual
assault. Results: Expected rates of violence in the low- and high-risk
groups were 1 percent and 64 percent, respectively. Observed rates of
violence in the low- and high-risk groups were 9 percent and 35 percent,
respectively, when a strict definition of violence was used, and 9 percent
and 49 percent, respectively, when a slightly more inclusive definition of
violence was used. These findings may reflect the “shrinkage” expected
in moving from construction to validation samples. Conclusions: The
multiple ICT model may be helpful to clinicians who are faced with
making decisions about discharge planning for acutely hospitalized civ-
il patients. (Psychiatric Services 56:810-815, 2005)
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ssessing a patient’s risk of vio-
Alence toward others is a signif-

icant if contested aspect of
psychiatric and psychological practice
(1). To assist in this task, an actuarial
model was developed in the
MacArthur Violence Risk Assessment
Study (2-5) to predict violence in the
community by patients who had re-
cently been discharged from psychi-
atric facilities. This model showed
considerable accuracy, placing each
patient into one of five categories for
which the likelihood of violence in
the next several months varied from 1
percent to 76 percent.

However, the successful construc-
tion of an actuarial model does not an-
swer the question of how well the
model will perform when applied to
new samples of individuals. As a rule,
models constructed by using proce-
dures that rely on associations be-
tween variables in a particular sample
are apt to lose predictive power when
applied to new samples. This “shrink-
age” is due to capitalization on chance
associations in the original construc-
tion sample (6). Thus it is essential to
prospectively validate models with
new samples to ensure that they main-
tain adequate levels of predictive pow-
er. In this article we report on a pros-
pective test of the model of violence

810 PSYCHIATRIC SERVICES ¢ http://ps.psychiatryonline.org ¢ July 2005 Vol. 56 No. 7



risk assessment developed in the
MacArthur Violence Risk Assessment
Study, referred to as the multiple iter-
ative classification tree (ICT) model.

In the original MacArthur Study,
more than 1,000 patients in acute civ-
il psychiatric facilities were assessed
on more than 100 potential risk fac-
tors for violent behavior. For the risk
analyses, patients were followed for
20 weeks in the community after dis-
charge from the hospital. Measures of
violence toward others included offi-
cial police and hospital records, pa-
tients’ self-report (under a Federal
Confidentiality Certificate), and the
report of a collateral individual (most
often, a family member) who best
knew the patient in the community.

In the study reported here, we used
software incorporating the multiple
ICT procedure to interview inde-
pendent samples of acutely hospital-
ized patients at two sites—one of
which was a site in the original
MacArthur Study and one of which
was not—and followed in the com-
munity subsamples of discharged pa-
tients who were classified as having a
higher or lower risk of violence. Our
research question was the extent to
which the observed rates of violence
would differ between patients who
were classified by the models as hav-
ing a higher or lower risk of violence.
The study was designed to test the
predictive validity of the actuarial
model by using independent groups
of patients and thereby to ensure that
the model maintained an adequate
level of predictive power.

Methods

The multiple ICT model

To develop an actuarial risk assess-
ment instrument, the MacArthur
Study relied on classification tree
methodology (7.,8). Classification
trees group individuals into subsets
with differing levels of risk on the ba-
sis of particular combinations of vari-
ables. This method focuses on inter-
actions rather than on main effects in
the data set being examined, thus al-
lowing many different combinations
of risk factors to classify a person as
having high or low risk. On the basis
of a sequence established by the clas-
sification tree, a first question is asked
of all persons being assessed. De-

pending on the answer to that ques-
tion, one or another second question
is posed, with this process continuing
until each person is classified by the
tree into a final “risk class.”

More specifically, the MacArthur
Study used Chi-squared Automatic
Interaction Detector (CHAID) soft-
ware (9) to assess the statistical signif-
icance of the bivariate association be-
tween 106 risk factors commonly
available in hospital records or
through routine clinical assessment
and the dichotomous outcome meas-
ure—violence in the community after
discharge. We excluded from this
analysis, with negligible loss of predic-
tive power, risk factors that were diffi-
cult to assess in the context of routine
care—for example, psychopathy (2).
To be chosen as a risk factor at each
step, a variable had to have the most
statistically significant chi square val-
ue, with a significance level of p<.05
as a necessary condition for risk factor
selection. Once a risk factor was se-
lected, the sample was partitioned ac-
cording to the values of that risk fac-
tor—for example, high or low anger
scores. This selection procedure was
repeated for each of the resulting
groups, thus further partitioning the
sample. The goal of this partitioning
process was to identify groups of cases
that shared the same risk factors and
that also shared the same values on
the outcome measure, violence.

We then extended this recursive
partitioning approach in an iterative
fashion. That is, data from all study
participants who were not classified
into groups designated as either high
risk (a greater than 37 percent likeli-
hood of violence, which was at least
twice the sample’s base rate) or low
risk (a less than 9 percent likelihood
of violence, which was at most half
the sample’s base rate) in the first it-
eration of CHAID were pooled and
reanalyzed in a second iteration of
CHAID. This iterative process con-
tinued until it was not possible to clas-
sify any additional groups of patients
as either high or low risk, with no
group allowed to contain fewer than
50 cases. The resulting model was
termed an ICT. The output of the
ICT consisted of a series of end
nodes, each of which corresponded to
a specific group of individuals with an
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estimated prevalence of violence.

Finally, to minimize overfitting of
the data—that is, capitalizing on
chance—we estimated ten different
ICT models to obtain multiple risk as-
sessments for each case. We did this by
forcing the CHAID program to substi-
tute for the first risk factor that ap-
peared in the ICT (seriousness of ar-
rest) the nine unique variables with the
most significant bivariate correlations
with violence. The variables that were
the first risk factors in these nine addi-
tional ICT models were diagnosis of
drug abuse, diagnosis of alcohol abuse,
primary psychiatric diagnosis, anger
control, violent fantasies, childhood
abuse, previous violence, age, and gen-
der. Further information about risk
factors characteristic of higher and
lower risk classes is available at www.
macarthurvirginia.edw/risk.html.

Each patient’s scores across all ten
ICT models were combined by cod-
ing each low-risk classification (at
most half the sample’s base rate) as
—1, each high-risk classification (at
least twice the sample’s base rate) as
1, and each average-risk classification
(between half and twice the sample’s
base rate) as 0 and summing across
these scores. Thus each study partici-
pant had a multiple ICT score that
could range from —10 (if he or she was
low risk in all ten models) to 10 (if he
or she was high risk in all ten models).

Data collection

Data collection involved a two-stage
process: use of the software to admin-
ister the survey instrument in the hos-
pital and community follow-up of se-
lected groups. Data collection began
in April 2002, and follow-up was com-
pleted in August 2003.

Administration of the software

The software was used to interview
patients at two sites: Worcester, Mass-
achusetts (a site in the original
MacArthur Study) and Philadelphia,
Pennsylvania (not a site in the original
MacArthur Study). Hospital data
were collected at three inpatient fa-
cilities in these two sites: the Univer-
sity of Massachusetts Memorial Med-
ical Center, a university-based hospi-
tal in Worcester; Hahnemann Hospi-
tal, also a university-based hospital, in
Philadelphia; and the Montgomery
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County Emergency Service in Norris-
town, Pennsylvania, an inpatient and
crisis stabilization center. The re-
search was approved by the institu-
tional review board at each site.

The selection criteria for this valida-
tion study were slightly broader than
those used in the original MacArthur
Study. The original selection criteria
were that participants had to be civil
admissions; be aged between 18 and
40 years; speak English; be of white,
African-American, or Hispanic eth-
nicity; and have a diagnosis in the
medical record of schizophrenia,
schizophreniform disorder, schizoaf-
fective disorder, depression, dys-
thymia, mania, brief reactive psy-
chosis, delusional disorder, alcohol or
other drug abuse or dependence, or a
personality disorder. In this validation
phase the selection criteria were
broadened to include persons aged
between 18 and 60 years; persons of
racial and ethnic backgrounds in addi-
tion to white, African American, and
Hispanic; and persons with any psy-
chiatric diagnosis. Expanding the eli-
gible sample in this fashion allowed us
to both compare the validation results
with the original MacArthur sample
on which the software had been de-
veloped and test the validity of the
software in assessing violence risk for
a broader group of patients. Consis-
tent with the earlier MacArthur study
design, eligible patients were exclud-
ed if they had been hospitalized for at
least 21 days before being approached
to participate in the study. (The medi-
an duration of hospitalization at each
site was six days.)

Laptop computers loaded with the
software were available at each facili-
ty. A Federal Confidentiality Certifi-
cate was obtained for the study. After
informed consent had been given,
chart and demographic information
were entered, and patient screening
with the software followed. We relied
on patients’ self-report for informa-
tion that was not obtained from the
chart. Probe questions were asked to
clarify inconsistent answers. The soft-
ware was administered by research in-
terviewers, most often psychology
graduate students. These interviewers
used the laptops to administer the
software to the patients and enter the
data during the interview. The mean
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time between hospital admission and
administration of the software was
three days. The mean time taken to
administer the software, after a brief
chart review to obtain several of the
risk factors—for example, diagnosis—
was ten minutes. Because we wanted
to study acutely hospitalized patients,
any patient who had not been dis-
charged from the hospital within ten
weeks of software administration

(N=3) was dropped from the study.

Community follow-up

Patients were scored on each of the
ten ICT models, as described above.
On the basis of the results of the origi-
nal MacArthur Study analysis, patients
were assigned to one of three cate-
gories: a high-risk category (equivalent
to risk classes 4 and 5, the highest two
risk classes, in the study by Banks and
associates [10]), with an expected rate
of violence of 64 percent; a low-risk
category (equivalent to risk class 1, the
lowest risk class), with an expected
rate of violence of 1 percent; or an av-
erage risk category (equivalent to risk
classes 2 and 3, the intermediate risk
classes), with an expected rate of vio-
lence of 16 percent. After administra-
tion of the software, the site coordina-
tor examined the risk classification to
determine whether the study partici-
pants were eligible for the community
follow-up study. The patients” hospital
clinicians were blinded to the soft-
ware’s risk classification.

We selected for follow-up all the
high-risk patients and a random sam-
ple of the much larger group of low-
risk patients (see below). Given limi-
tations on resources and the need to
maintain an adequate sample size in
the groups that were followed, and
because the primary aim of the study
was to validate the high- and low-risk
designations, patients who were as-
sessed as having neither high nor low
risk of violence—that is, those with
average risk—were not followed up in
the community.

Patients who had been selected for
follow-up were recontacted in the
community and interviewed at ten
and 20 weeks after the date of dis-
charge. About half the patient inter-
views (48 percent) were conducted in
the participants” homes, and the rest
were conducted at other locations,

such as a collateral’s home or the re-
search office. Consistent with the de-
sign of the original MacArthur Study,
participants were asked to nominate
a collateral informant who was famil-
iar with their behavior in the commu-
nity. Collaterals gave written in-
formed consent and were inter-
viewed on the same schedule as the
participants. Collaterals for this study
were close relatives, including par-
ents, children, or siblings (46 per-
cent); close friends (20 percent);
spouses or significant others (19 per-
cent); mental health professionals
(12 percent); or other knowledgeable
persons (3 percent). The main selec-
tion criterion for the collateral was
contact with the patient at least once
a week. Patients and collaterals were
paid $15 for the initial and first fol-
low-up interview and $25 for the sec-
ond follow-up interview.

Violence coding

Patients and collaterals were asked
whether the patient had been in-
volved in several categories of aggres-
sive behavior over the course of the
ten weeks of each follow-up period. If
the patient or the collateral answered
any of these questions positively, he
or she was asked how many times the
incident happened. We then obtained
more detailed information, including
the location of the violent incident
and co-participants in the incident.
To be consistent with the original
MacArthur Study, the four acts classi-
fied as violent were any battery with
physical injury, the use of a weapon,
threats made with a weapon in hand,
and sexual assault. Only the most se-
rious act was coded for each incident.
Other aggressive acts as well as vio-
lent acts that took place in an institu-
tion (jail, prison, or inpatient facility)
were excluded from the definition of
community violence.

We also obtained arrest records
from state criminal justice agencies
and rehospitalization information
from local public hospitals where the
patients received services. Using the
same procedures as in the original
MacArthur Study, we combined pa-
tients” self-reports and collaterals” re-
ports of violence with arrest and re-
hospitalization data and reconciled
them to form a single account of vio-
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Table 1

Characteristics of a sample of acutely hospitalized patients who participated in a study to assess models of predicting patients’

risk of violence

Admissions Admissions
not selected selected Follow-up Original Mac-
for interview for interview sample Arthur Study
(N=1,869) (N=700) (N=157) (weighted
data, N=
Characteristic N % N % VA p N % 492 (%)> 7z p
Sex, male 964 52 378 54 .90, ns 84 54 52 44 ns
Age (years)
18 to 24 196 11 114 16 3.43 <.001 35 22 24 51 ns
25 to 40 724 39 340 49 4.58 <.001 68 43 76 772  <.001
41 to 60 689 37 246 35 .94 ns 54 34 —
60 or older 260 14 0 — 10.45 <.001 0 — —
Ethnicity
White 1,259 69 427 61 2.85 <.01 91 58 69 2.54 <.05
African American 397 22 210 30 4.79 <.001 51 33 28 1.20 ns
Hispanic 128 7 56 8 87 ns 13 8 3 2.72 <.05
Other race 47 3 7 1 4.66 <.001 2 1 —
Any admission diagnosis
Depression 693 37 318 46 4.16 <.001 92 59 23 844 <.001
Bipolar disorder 238 13 99 14 67 ns 21 13 39 6.05 <.001
Schizophrenia 435 23 116 17 3.30 <.001 24 15 23 2.14 <.05
Alcohol or drug abuse 673 36 332 48 5.55 <.001 65 41 48 1.53 ns
Personality disorder 155 8 68 10 1.61 ns 11 7 37 7.16 <.001
Psychosis or delusional
disorder 240 13 95 14 .67 ns 13 8 7 42 ns
Other disorder 481 26 186 27 51 ns 25 —
Legal status, involuntary — — 145 21 — — 30 19 41 501 <.001
Prior hospitalizations — — 547 84 — — 125 87 76 2.93 <.01

# Significance tests for difference of proportions between admissions not selected and admissions selected and between the follow-up sample and the

sample in the original MacArthur Study

b Because weights were used for these calculations, Ns are not provided.

lence during the first 20 weeks after

discharge from the hospital.

Statistical analysis

Our research questions directed us to
conduct analyses that assessed the
differential violence rates between
the two categories of patients. Differ-
ences between the observed violence
rates of patients in the high- or low-
risk categories were assessed by using
Fishers exact test. The analysis was
performed with use of SAS statistical
software (PROCFREQ procedure).
In addition to the p value associated
with Fisher’s exact test, we report the
chi square value to indicate the mag-
nitude of the effect. The area under
the receiver operating characteristic
(ROC) curve and the percentage cor-
rectly classified are also reported.

Results

Enrollment and retention

During the study period, 2,569 per-
sons were admitted to the three study

facilities, of whom 1,638 met the
study’s eligibility criteria. We ap-
proached a quota sample (stratified
within eligibility criteria) of 1,105 to
participate. The refusal rate was 32
percent (N=356), with 749 persons
consenting to participate. After 31 in-
dividuals were excluded for compe-
tency reasons, the software was ad-
ministered to a final sample of 718.
Missing data from the software elimi-
nated 18 of these 718 patients. Of the
700 individuals for whom the soft-
ware had been validly administered at
the hospital baseline, 177 were select-
ed for follow-up as having either high
or low risk. The final sample for
analysis with at least one community
follow-up was 157 (89 percent of the
target sample).

Study participants

Of the 700 patients for whom the
software was validly administered at
baseline, 252 (36 percent) were clas-
sified as having a low risk of violence,
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386 (55 percent) were classified as
having an average risk, and 62 (9 per-
cent) were classified as having a high
risk. Our final follow-up sample of
157 patients with at least one follow-
up interview consisted of 102 ran-
domly selected low-risk patients and
55 high-risk patients. Demographic
and diagnostic characteristics of the
total admission cohort, the baseline
research sample, the follow-up sam-
ple, and the comparable data from
the original MacArthur Study are
presented in Table 1.

The participants in the follow-up
sample differed from those in the
original MacArthur Study on several
dimensions. When we compared the
original MacArthur high- and low-
risk groups only—that is, excluding
the average-risk patients and weight-
ing the sample so that the proportions
of high- and low-risk patients would
be comparable to the proportions in
this study—the follow-up sample was
significantly more likely to be older
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Table 2

Predicted community violence in a sample of 157 acutely hospitalized patients, by

observed community violence

Violence software category

High risk High risk
Low risk (initial estimate)?® (revised estimate)P
Violence during
20-week follow-up N % N % N %
No 93 91 36 65 28 51
Yes 9 9 19 35 27 49
Total 102 55 55

& Compared with low risk, x>=16.13, df=1, p<.001 (Fisher’s exact test)
b Compared with low risk, x2=32.79, df=1, p<.001 (Fisher’s exact test)

(because of the change in eligibility
criteria), less likely to be white, more
likely to have a diagnosis of depres-
sion and less likely to have bipolar or
schizophrenia diagnoses, and less
likely to have an involuntary legal sta-
tus on admission.

Validation

Initial estimate. The initial compari-
son of the rates of violence observed
during the follow-up with the rates of
violence expected from the classifica-
tion produced by the software is pre-
sented in Table 2. Of the 102 patients
who were classified by the software as
low risk, 93 (91 percent) had no re-
ported violent acts, and nine (9 per-
cent) had at least one reported violent
act. Of the patients classified by the
software as high risk, 36 (65 percent)
had no reported violent acts, and 19
(35 percent) had at least one reported
violent act. The rate of violence for
the high-risk group was significantly
different than the rate of violence for
the low-risk group. The proportion of
patients who were successfully classi-
fied was 71 percent, and the area un-
der the ROC curve was .63. The in-
clusion or exclusion of patients who
expanded the eligibility criteria of the
original MacArthur Study (for exam-
ple, changing the age criterion from
18 to 40 years to 18 to 60 years) had
no impact on the results.

Revised estimate. During qualita-
tive review of the follow-up violence
data, we realized that a number of the
patients who had been classified as
high risk by the software but who
were not reported as violent during
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the follow-up (according to the strict
operational definition given above) in
fact presented strong evidence of vio-
lence. Indications that violence had
actually taken place during the fol-
low-up included violent acts that took
place in an institution (for example, a
jail or a hospital), evidence of vio-
lence several days after the 20-week
follow-up window (as indicated by ar-
rest records), and battery in which in-
jury was highly likely but had been
rated as “unknown.” For example,
one patient got into a fistfight on the
hospital grounds within minutes of
being discharged. The fight was ob-
served by several staff members, and
the police were called to respond to
it. Although this patient stated during
the follow-up interview that he did
not know whether the victim had
been injured, the incident was recod-
ed as violence, because staff mem-
bers knew of a high likelihood of at
least a bruise, given the serious na-
ture of the fight.

Thus we reclassified all study par-
ticipants across both the low- and
high-risk groups as violent or nonvio-
lent during the follow-up by using a
slightly more inclusive operational
definition of violence that took into
account the above indicators that vio-
lence had actually taken place. The
results are presented in Table 2.
Eight patients who were assessed by
the software as having a high risk of
violence at baseline but were classi-
fied as nonviolent during the follow-
up under the initial strict definition of
violence were reclassified as violent
under the slightly more inclusive op-

erational definition of violence (four
because of violence that occurred in a
hospital or a jail, three who “hit or
beat up” a victim with unknown but
highly likely injury, and one whose vi-
olence occurred several weeks after
the end of the 20-week follow-up pe-
riod). Of the patients who were as-
sessed as having a low risk of violence
by the software, 9 percent were ob-
served to be violent during the fol-
low-up (no change). Of the patients
who were assessed by the software as
having a high risk of violence, 49 per-
cent were observed to be violent dur-
ing the follow-up. The proportion of
patients who were successfully classi-
fied was 76 percent, and the area un-
der the ROC curve was .70 (sensitivi-
ty=.75, specificity=.77).

Discussion and conclusions
We developed software that incorpo-
rated the multiple ICT model for ac-
tuarial violence risk assessment devel-
oped in the MacArthur Violence Risk
Assessment Study. We prospectively
validated this model with independ-
ent samples of acutely hospitalized
patients at three facilities at two sites.
When we used the strict operational
definition of violence from the origi-
nal MacArthur Study, the results indi-
cated that 9 percent of the patients
who were classified by the software at
hospital baseline as having a low risk
of violence were violent in the com-
munity within 20 weeks after dis-
charge, compared with 35 percent of
the patients who were classified as
having a high risk of violence. When
all patients were blindly reclassified
with use of a slightly more inclusive—
and, we believe, more valid—opera-
tional definition of violence, the rate
of violence observed in the low-risk
group remained 9 percent, and the
rate of violence observed in the high-
risk group increased to 49 percent.
On the basis of the findings of the
original MacArthur Study from which
the model was constructed, the rate
of violence expected in the low-risk
group was 1 percent and in the high-
risk group was 64 percent. The ob-
served rates of violence that we ob-
tained in this validation sample of 9
percent and 49 percent for the low-
risk and (recoded) high-risk groups,

respectively, may reflect the shrink-
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age that can be expected whenever an
actuarial instrument moves from con-
struction to validation samples (11).

Two limitations of the research
should be acknowledged. First, we
followed only patients who were
classified by the software as having a
high or low risk of violence. Re-
source constraints and the need to
maintain an adequate sample size in
the groups that were followed pre-
cluded our validating the software
with the midrange, or average risk,
patients as we would have preferred.
Second, post hoc recoding of the de-
pendent variable is obviously a less-
than-ideal methodologic procedure.
Although we believe the recoded re-
sults better capture the actual occur-
rence of violence in the community,
the possibility of bias is always pres-
ent in such circumstances. We hope
that future research will address
both these limitations.

It should be noted that the purpose
of this validation study was to deter-
mine whether patients prospectively
identified by the multiple ICT model
as having a high risk of violence could
be statistically distinguished from pa-
tients identified as having a low risk of
violence in terms of their actual vio-
lent behavior in the community. Us-
ing either the originally coded or the
recoded results, we found these to be
distinct groups. The purpose of the
validation study was not to establish
new estimates of risk for groups iden-
tified by the multiple ICT model. The
amount of shrinkage that occurred
when we moved from the construc-
tion sample to this validation sample
may be more or less than would occur
when the model is applied to other
validation samples. Given the much
larger size of the sample used to con-
struct the software (951 patients)
than was used to validate it (157 pa-
tients), and given that only high- and
low-risk groups were followed in the
validation research, the most useful
estimates of risk generated by the

multiple ICT model are still those de-
rived from the original MacArthur
Study—that is, five categories for
which the likelihood of violence over
the next several months was 1 per-
cent, 8 percent, 26 percent, 56 per-
cent, or 76 percent—rather than
those from this validation study.

We cannot stress strongly enough
that the multiple ICT model was con-
structed and has been validated only
with samples of psychiatric inpatients
in acute facilities in the United States
who would soon be discharged into
the community. Whether the validity
of the model can be generalized to
other samples, such as people without
mental disorders and people outside
the United States, or to other settings,
such as outpatient facilities and crim-
inal justice facilities, remains to be
determined empirically. Until such
evidence is available, use of the mod-
el should be restricted to acutely hos-
pitalized populations. It is also un-
clear whether repeated administra-
tion of the software to the same pa-
tients leads to attempts to “game” the
system by providing answers intend-
ed to understate the degree of risk
and, if so, what impact that would
have on the validity of risk estimates.
Answers to that question will await
studies using the software in actual
clinical settings.

Software incorporating the multi-
ple ICT model, which we have called
Classification of Violence Risk
(COVR), is available and may be
helpful to clinicians in the United
States who are faced with making de-
cisions about discharge planning for
acutely hospitalized civil patients. ¢
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