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Comprehensive review on virtual reality for the treatment of
violence: implications for youth with schizophrenia
Laura Dellazizzo1,2,3, Stéphane Potvin1,2, Sami Bahig1,2 and Alexandre Dumais1,2,3

Youth violence is a complex and multifactorial issue that has severe health and social consequences. While treatment options exist
to treat/reduce violence in at-risk populations such as schizophrenia, there remains limitations in the efficacy of current
interventions. Virtual reality (VR) appears to be a unique possibility to expose offenders and to train coping skills in virtual situations
that are capable of eliciting aggression‐relevant behavior without threatening others. The focus of this paper is to provide a
comprehensive review of studies using VR to manage violence across several at-risk populations, with a particular emphasis on
youth with schizophrenia. Despite the encouraging success of VR applications for the treatment of different mental health
problems, no studies have explored the usability of VR to specifically treat violence in patients with schizophrenia. A limited number
of studies have focused on violence risk factors in other mental health problems (i.e., emotion regulation in individual suffering
from post-traumatic disorders) that may be targeted in treatments to reduce the risk of violence. The preliminary studies using VR
as a therapeutic element have shown reductions in anger, improvements in conflict-resolution skills as well as in empathy levels,
and decreases in aggression. Possible applications of these interventions in youth with schizophrenia will be discussed.
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INTRODUCTION
Violence is a complex and multifactorial issue that has severe
health and social consequences.1 The World Health Organization
estimates that around 1.6 million deaths worldwide are due to
violence, with 10–40 times as many physical injuries requiring
medical attention.1 Youth violence in particular encompasses a
myriad of behaviors ranging from homicide to lesser forms of
aggressive behavior, such as bullying. It is a leading cause of death
in young people and results in more than half a million medically
treated physical injuries each year.2 The impact of youth violence
goes well beyond physical consequences. Youth who experience
violence as victims, perpetrators, or witnesses are at an
augmented risk of physical health problems, engaging in other
health risk behaviors, long-term emotional, behavioral, and mental
health problems, as well as suicidal behaviors.3–5 Victims of
violence are in their turn also at risk of perpetrating violence
toward others.6

Violence often begins early in the life course of an individual,
and many adolescents engaging in youth violence show patterns
of disruptive behavior in early childhood.7 Adolescence and young
adulthood are a time of heightened risk-taking behavior. Notably,
there are diverse developmental trajectories that may lead to
aggressive behaviors during adolescence and young adulthood.8

These pathways often begin with more mild behaviors (i.e., defiant
behavior, delinquency) and progress to more severe behaviors
later in life. While no sole risk factor alone leads to the
development of violence, numerous factors associated with
the future perpetration of violence are apparent early in the
individual’s lifespan.9 These factors may be targeted in interven-
tions to reduce the proclivity toward violence and include
difficulties in emotion regulation (i.e., anger/hostility), self-

regulatory symptoms (impulsivity), problem-resolution and social
skills, as well as empathy.10–13

Markedly, emotional instability and behavioral impulsivity,
among other problems, are also observed across numerous at-
risk populations such as those with psychiatric disorders (i.e., post-
traumatic stress disorder (PTSD), personality disorders, and severe
mental illnesses), which are at an elevated risk of violence in
comparison with the general population.14,15 More particularly
related to severe mental disorders, such as schizophrenia, research
asserts that these disorders are associated with an increased risk
of violent and non-violent crime.16 It has also been shown that
those with severe mental illnesses are at a greater risk of having
multiple incarcerations compared with those without these
disorders.17–19 While clear diagnoses of schizophrenia are infre-
quently given prior to early adulthood and are less common in
juvenile justice settings,20 some youth may display psychotic-like
symptoms that are possible expressions of an early form of a
psychotic disorder.21 These symptoms may additionally lead to
violent behavior.22 Different etiological subtypes of violence in
psychosis have suggested that violent behaviors (i) are directly
associated with positive psychotic symptoms, (ii) result from a
comorbidity with personality disorders, and (iii) are triggered by
impaired impulse control.23 Patients who exhibit antisocial
behavior at a young age and continue to do so throughout their
lifetime usually engage in violence prior to illness inception. Most
acts of violence are committed by this antisocial subgroup. On the
other hand, patients who show no sign of antisocial activity prior
to illness and then commence an offending trajectory afterwards
often exhibit a chronic course of schizophrenia, and display severe
patterns of violence. In this latter subgroup, improving the
symptomology of schizophrenia (i.e., reducing hallucinations and
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delusions) may reduce violence also, which is not necessarily the
case for the former subgroup.24

Designing interventions to decrease the risk of violence in any
psychiatric population is not an easy task and should address
multiple risk factors. Some pharmacological interventions have
been shown to have an effect in violence and hostility reduction.25

More prominently, in addition to being effective for treatment-
resistant schizophrenia, clozapine has been regarded as the
treatment of choice for persistent violence in comparison with
other second-generation antipsychotics (i.e., olanzapine, risper-
idone).26,27 Other pharmacological treatments such as benzodia-
zepines and anticonvulsants have shown mitigated results.28,29

Furthermore, non-pharmacological interventions to manage
violence are not widely available, and the results are not clearly
conclusive.30 Some evidence exists for psychological interventions
(i.e., cognitive-behavioral therapy (CBT)) for anger, aggression, and
recidivism.31,32 Though, their effect sizes are at best moderate
and it remains unclear whether their benefits would last in time
and remain in higher-quality studies.33 Several restrictions to
current interventions aiming to reduce aggression have been
stated, such as limited exposure to provocations to practice anger
management in real-life situations, limited social skills training,
and difficulties in engaging at-risk populations in treatment.34

Furthermore, interventions for violence have been shortcoming as
researchers/clinicians cannot ethically put individuals in a
dangerous situation, even after providing them the skills to
manage the corresponding situation, nor can they follow
offenders in their daily lives while awaiting for the occurrence of
risky situations to provide intervention skills.35

Virtual reality (VR) offers a possible remedy to such problems, as
it has been shown that individuals tend to respond realistically to
virtual simulations of real-life events.36 At the same time, the
depicted situations are under the control of the clinician. Virtual
environments have become a strong tool in mental health.37,38 In
regards to violence, VR provides an instrument to study violent
behaviors without exposing individuals to any true threat and thus
overcomes the ethical issues that arise in non-VR projects.39,40 This
has been previously shown in several studies in which VR was
used to assess sexually deviant behaviors of child molesters, and
to study bystander responses to a violent incident to better
understand helping and aggressive behaviors.36,41 Particularly, VR
seems to be a unique possibility to expose offenders and to train
coping skills in virtual environments that are able to elicit
aggression‐relevant behavior without jeopardizing others.42

Incorporating VR into treatment provides practitioners with more
options leading to greater success with specific groups of
offenders.43 Though, limited studies have explored the use of VR
to manage and treat violence, and none to our knowledge has
been conducted specifically in schizophrenia. For this reason, the
primary scope of this article is to first review available literature
regarding interventions using VR to manage factors associated
with violence (i.e., emotion regulation, empathy) in any potential
at-risk population. Since these studies are not conducted in a
population diagnosed with schizophrenia, we will then discuss
how the developed interventions targeting common difficulties
may be adapted for the management of violence in youth with
schizophrenia. The secondary scope is to further review VR
therapies that are on risk factors of violence more specific to
schizophrenia (i.e., hallucinations, persecutory delusions). We will
also discuss their possible implications for reducing violence.

RESULTS
As for our primary scope, 12 studies were extracted: four
measuring anger in individuals with PTSD, two measuring
impulsivity in juvenile offenders, two assessing conflict-
resolution skills in adolescents and prisoners, two assessing
empathy in violent offenders and middle school students and,

lastly, two measuring aggression in veterans and forensic patients
(see Tables 1–5). The latter study on forensic patients was a
published protocol and did not present any results. As no studies
were found using VR in schizophrenia or psychotic disorders to
manage/treat violence, our secondary scope included VR inter-
ventions to treat psychotic symptoms related to violence. In all,
four studies were extracted: one treating persecutory delusions
and three treating auditory hallucinations (see Table 6). The
PRISMA flowchart for the inclusion of studies in the review may be
found in Fig. 1. See also Fig. 2 for a summary of the types of VR
interventions assessing a violence-related component.

Emotion regulation: anger
By eliciting strong reactions, VR environments may facilitate the
treatment of anger.44 VR stress-provoking scenarios may enable
individuals to develop self-regulatory skills and enhance exposure
treatments to manage the expression of uninhibited anger.45 Four
studies assessing anger as a target symptom of stress-related
disorders were carried (see Table 1). These studies are interesting
since PTSD patients may respond aggressively to perceived
threats, which may be similar to patients with schizophrenia
developing persecutory delusions and acting violently on their
beliefs.
To begin, Baños et al.46 conducted a controlled study

comparing nine-weekly sessions of standard CBT to a CBT
program with “EMMA’s World” in 39 patients with PTSD,
Pathological Grief and Adjustment Disorders. EMMA’s World
VR-system showed customized trauma-related environments that
used symbols and tailored aspects to encourage emotional
responses in patients. The system was, moreover, manipulated
by the therapist. Such responses may in turn help patients to
emotionally process negative events in a harmless setting. The
results proceeding both interventions showed a significant
decrease in the frequency and intensity of anger. Subsequently,
Difede et al.47 conducted a pilot randomized trial on a 12-week VR
exposure therapy in 25 patients with chronic PTSD following the
World Trade Center (WTC) attacks. A computer simulation of the
WTC attacks was used to enhance imaginal exposure therapy. In
this context, many patients may prefer to avoid reminders of their
traumatic event, and are reluctant/incapable of visualizing
effectively the distressing event. VR creates safe and controllable
situations that may be more tolerable to individuals than in vivo
exposure.48 The patients were randomized to obtain either a
cognitive enhancer or a placebo before exposure. Both groups
showed significant reductions in their PTSD symptoms including
anger compared with the baseline, suggesting that VR exposure
therapy may hold a promise for the treatment of chronic PTSD.
Lastly, Beidel’s team used a Trauma Management Therapy (TMT)
by adding VR to the exposure therapy component. First, their
controlled pilot study evaluated the efficacy of a 3-week intensive
outpatient program for combat-related PTSD in 112 veterans and
active-duty personnel.49 Second, they conducted a randomized
controlled study comparing the efficacy of two 17-week interven-
tions in veterans and active-duty personnel as well: (i) TMT
combined with VR exposure therapy and (ii) VR exposure therapy
combined with psychoeducation.50 The first phase of both
treatment groups was VR exposure therapy. Both their studies
indicated statistically significant decreases of core PTSD symp-
toms, as well as significant decreases in anger. Particularly, the
reduction in anger occurred after the VR exposure component of
the intervention. Treatment gains were sustained at the 6-month
follow-up. Overall, the preliminary results of these interventions
for PTSD symptoms using a VR exposure component have shown
promising results in anger management.

L. Dellazizzo et al.

2

npj Schizophrenia (2019)    11 Published in partnership with the Schizophrenia International Research Society

1
2
3
4
5
6
7
8
9
0
()
:,;



Ta
bl
e
1.

D
et
ai
ls
o
f
st
u
d
ie
s
as
se
ss
in
g
an

g
er

A
u
th
o
r,
ye
ar
,

g
eo

g
ra
p
h
ic

se
tt
in
g

Sa
m
p
le

(N
)

A
g
e

In
te
rv
en

ti
o
n

C
o
n
d
it
io
n
s

D
u
ra
ti
o
n

D
es
cr
ip
ti
o
n

V
R
co

m
p
o
n
en

t
M
ai
n
fi
n
d
in
g

B
añ

o
s,

20
11

;S
p
ai
n

PT
SD

,
p
at
h
o
lo
g
ic
al
,

g
ri
ef

ad
ju
st
m
en

t
d
is
o
rd
er
s
(3
9)

18
–
50

,M
=

30
.9
,S

D
=
9.
0

C
BT

;C
BT

+
EM

M
A
's
W
o
rl
d

N
in
e
w
ee

kl
y

se
ss
io
n
s

C
BT

:e
d
u
ca
ti
o
n
co

m
p
o
n
en

t,
im

ag
er
y

ex
p
o
su
re
/r
es
tr
u
ct
u
ri
n
g
th
e
lo
ss
,

re
la
p
se

p
re
ve
n
ti
o
n
.

Pa
ti
en

ts
vi
su
al
iz
ed

a
vi
rt
u
al

en
vi
ro
n
m
en

t
th
at

o
ff
er
ed

th
em

a
se
tt
in
g
in

w
h
ic
h
th
ey

co
u
ld

fe
el

fr
ee

to
ex
p
re
ss

th
ei
r
em

o
ti
o
n
s.

Th
ei
r
em

o
ti
o
n
s
w
o
u
ld

h
av
e
an

ef
fe
ct

o
n
th
e
vi
rt
u
al

w
o
rl
d
.T

h
e

th
er
ap

is
t
h
ad

an
im

p
o
rt
an

t
an

d
ac
ti
ve

ro
le

in
th
e
cu

st
o
m
iz
at
io
n
o
f

th
e
en

vi
ro
n
m
en

t
d
u
ri
n
g
th
e

se
ss
io
n
.

Si
g
n
ifi
ca
n
t
↓
in

th
e
fr
eq

u
en

cy
an

d
in
te
n
si
ty

o
f
an

g
er

D
ife

d
e,

20
14

;
U
n
it
ed

St
at
es

PT
SD

fo
llo

w
in
g
th
e

W
TC

at
ta
ck

(2
5)

25
–
70

,M
=

45
.8
,S

D
=
10

.5
V
R
E+

D
C
S;

V
RE

-p
la
ce
b
o

12
w
ee

kl
y

se
ss
io
n
s

V
R
E:

ex
p
o
su
re
.

Pa
rt
ic
ip
an

ts
re
co

u
n
te
d
th
ei
r

tr
au

m
a
in

th
e
fi
rs
t-
p
er
so
n
p
re
se
n
t

te
n
se
,w

it
h
as

m
an

y
se
n
so
ry

d
et
ai
ls
as

p
o
ss
ib
le
.A

co
m
p
u
te
r

si
m
u
la
ti
o
n
o
f
th
e
Se

p
te
m
b
er

11
th

(W
TC

)
at
ta
ck
s
w
as

u
se
d
to

en
h
an

ce
an

im
ag

in
al

ex
p
o
su
re

th
er
ap

y
p
ro
to
co

l.

Si
g
n
ifi
ca
n
t
↓

in
an

g
er

B
ei
d
el
,2

01
7;

U
n
it
ed

St
at
es

Ve
te
ra
n
s
an

d
ac
ti
ve

-
d
u
ty

m
ili
ta
ry

p
er
so
n
n
el

w
it
h

PT
SD

(1
12

)

M
=
37

.1
,S

D
=

9.
1

TM
T

29
se
ss
io
n
in

3
w
ee

ks
TM

T
In
te
n
si
ve

O
u
tp
at
ie
n
t
Pr
o
g
ra
m
:

ex
p
o
su
re

th
er
ap

y,
p
ro
g
ra
m
m
ed

p
ra
ct
ic
e,

so
ci
al

an
d
em

o
ti
o
n
al

re
h
ab

ili
ta
ti
o
n
,s
o
ci
al

re
in
te
g
ra
ti
o
n
,

an
g
er

m
an

ag
em

en
t,
b
ri
ef

b
eh

av
io
ra
l

ac
ti
va
ti
o
n
.

In
d
iv
id
u
al

ex
p
o
su
re

th
er
ap

y
w
as

co
n
d
u
ct
ed

ea
ch

m
o
rn
in
g
an

d
co

n
si
st
ed

o
f
im

ag
in
al

ex
p
o
su
re

au
g
m
en

te
d
b
y
vi
rt
u
al

re
al
it
y

(V
ir
tu
al

Ir
aq

/A
fg
h
an

is
ta
n
Sy
st
em

).

Si
g
n
ifi
ca
n
t
↓

in
an

g
er

B
ei
d
el
,2

01
7;

U
n
it
ed

St
at
es

Ve
te
ra
n
s
an

d
ac
ti
ve

-
d
u
ty

m
ili
ta
ry

p
er
so
n
n
el

w
it
h

PT
SD

(9
2)

TM
T:

M
=
37

.7
,

SD
=
8.
5;

V
R
ET
:

M
=
33

.3
,S

D
=

11
.3

V
R
ET

+
g
ro
u
p

TM
T;

V
R
ET

+
g
ro
u
p

p
sy
ch

o
ed

u
ca
ti
o
n

29
se
ss
io
n
in

17
w
ee

ks
TM

T:
in
d
iv
id
u
al

tr
ea
tm

en
t
fi
rs
t
an

d
co

n
si
st
s
o
f
o
n
e
p
sy
ch

o
ed

u
ca
ti
o
n
/

im
ag

in
al

ex
p
o
su
re

th
er
ap

y
sc
en

e
co

n
st
ru
ct
io
n
se
ss
io
n
,f
o
llo

w
ed

b
y

14
se
ss
io
n
s
o
f
V
R
ET
,p

ro
g
ra
m
m
ed

p
ra
ct
ic
e,

g
ro
u
p
tr
ea
tm

en
t,
so
ci
al

re
in
te
g
ra
ti
o
n
,a

n
g
er

m
an

ag
em

en
t/

p
ro
b
le
m

so
lv
in
g
,b

ri
ef

b
eh

av
io
ra
l

ac
ti
va
ti
o
n
.V

R
ET

o
n
ly
:o

n
e
ed

u
ca
ti
o
n

se
ss
io
n
,1

4
V
RE

T
se
ss
io
n
s,
an

d
14

g
ro
u
p
tr
ea
tm

en
t
se
ss
io
n
s.

V
ir
tu
al

Ir
aq

/A
fg
h
an

is
ta
n
Sy
st
em

co
n
si
st
ed

o
f
a
se
t
o
f
vi
rt
u
al

en
vi
ro
n
m
en

ts
fo
r
th
e
tr
ea
tm

en
t
o
f

co
m
b
at
-r
el
at
ed

PT
SD

.

Si
g
n
ifi
ca
n
t
↓

in
an

g
er

CB
T
co

g
n
it
iv
e-
b
eh

av
io
ra
l
th
er
ap

y,
D
CS

D
-c
yc
lo
se
ri
n
e,

M
m
ea
n
,
PT
SD

p
o
st
-t
ra
u
m
at
ic

st
re
ss

d
is
o
rd
er
,
SD

st
an

d
ar
d
d
ev

ia
ti
o
n
,
TM

T
tr
au

m
a
m
an

ag
em

en
t
th
er
ap

y,
VR

E
vi
rt
u
al

re
al
it
y
ex
p
o
su
re
,
VR

ET
vi
rt
u
al

re
al
it
y

ex
p
o
su
re

th
er
ap

y,
W
TC

W
o
rl
d
Tr
ad

e
C
en

te
r

L. Dellazizzo et al.

3

Published in partnership with the Schizophrenia International Research Society npj Schizophrenia (2019)    11 



Fig. 2 Summary of interventions assessing a violence-related component
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Studies pertaining to psychotic 
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Fig. 1 Flowchart depicting the search strategy employed to find the studies included in the review
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Impulsiveness
Impulsivity, which is seen in a number of psychiatric disorders
including schizophrenia, has been shown to lead to problematic
behaviors, such as violence.51 The use of VR in cognitive training,
mainly for the assessment of attention difficulties and rehabilita-
tion, has been shown to be an alternative tool.52 Cho’s team
developed a cognitive training program with immersive VR based
on a virtual classroom and electroencephalogram (EEG) biofeed-
back for symptoms of attention-deficit hyperactivity disorder
(ADHD)53,54 (Table 2). The virtual classroom has been used
previously to enable individuals to solve tasks, while different
stimuli were presented.52

Their first clinical trial comprised 50 participants aged between
14 and 18 who had committed crimes in the past and who were in
a youth detention center.53 While the adolescents did not have a
formal diagnosis of ADHD, they did show signs of learning
difficulties (i.e., inattentive, impulsive, hyperactive, and distracted).
They were assigned to either the (i) control group, (ii) desktop
cognitive training group, (iii) desktop neurofeedback group, (iv) VR
cognitive training group, or (v) VR neurofeedback group. The non-
VR and VR groups underwent eight sessions over two weeks, while
the control group had no training session. Cognitive training
groups were meant to enhance focused and selective attention, as
well as sustained attention. The individuals in the neurofeedback
training groups were connected to an EEG acquisition device.
Once the EEG signal was greater than a targeted threshold level,
the virtual environment would change as a positive reinforcement
(a part of a puzzle in the virtual environment would be filled in
until its completion). All participants performed a continuous
performance task (CPT) before and after the complete training
sessions. Commission errors were assumed to represent impulsive
behavior. Similarly, their second study randomized 28 male
juvenile offenders.54 The three groups consisted of a (i) control
group (no training session), (ii) neurofeedback with VR group, or
(iii) neurofeedback only group (with a computer monitor). The VR
and non-VR groups both underwent the same neurofeedback
training tasks with the exception that the VR group could look
around in the VR classroom. After training, both the VR and non-
VR groups showed fewer commission errors. Although not
significant, the VR group improved the most. This highlights that
immersive VR may be added to neurofeedback to treat
impulsivity.

Conflict resolution and social skills
Studies have also identified socio-cognitive predictors as risk
factors for violence in schizophrenia such as poor conflict
resolution, poor facial emotion recognition, or reduced ability to
discriminate intensities of facial emotions.55,56 VR is a good way to
allow at-risk individuals practice vital social skills (i.e., emotional
control, expressing one's preferences, negotiating, compromising,
and using non-provocative language).35 Hubal et al.35 conducted
two studies using embodied conversational agents (ECA) and
hypothetical social situations (“virtual vignettes”) to help develop
social competency skills in different at-risk populations (Table 3).
Their first study included 125 African–American male adoles-

cents with half having a diagnosis of a conduct disorder. Whereas
the experimental group received the Positive Adolescent Choices
Training (PACT) including virtual vignettes, the other half did not
receive the PACT intervention. The PACT prevention program
aimed to improve anger management and social-cognitive skills.
Vignettes were created to simulate provocative interpersonal
social situations in a school setting. The authors noted that the
participating adolescents were sufficiently engaged in the
vignettes that they conducted risk-taking behavior even after
exposure to the preventive materials. Those who received the
PACT program were significantly more likely to use positive
interaction skills during the post-intervention vignettes than those Ta
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who were not exposed. Their results indicate some efficacy for the
PACT intervention, as well as for the use of VR vignettes. Findings
also suggest that the PACT program may improve negotiation and
conflict-resolution skills in adolescents who are at an elevated risk
of becoming perpetrators and/or victims of violent behavior.
Their second study comprised a CBT program with a succession

of ECA virtual vignettes in a sample of 226 adult male offenders.
The CBT program aimed to aid offenders recognize situations in
which they were likely to become aggressive, avoid such
situations when suitable, and better cope with problems and
behaviors related to aggression. The vignettes consisted of short,
focused interactions to examine their discourse, behaviors, and
decisions made in a real-world context. However, in comparison
with their first study, there were no differences between baseline
and post-treatment outcomes. They stipulated that this may have
been due to the prisoners’ unfamiliarity with the technology, as
well as their unwillingness to express their responses being that
they are more closely monitored in prison settings. Furthermore,
this difference may have been due to the pre-defined fixed
vignettes that were not personalized to the offenders’
specific needs.

Empathy
The perpetration of violent acts against others has been linked to
a lack of empathy and to a deficit in the ability of offenders to put
themselves in the standpoint of victims. Studies have also found
that offenders have difficulties in accurately recognizing emotions
(i.e., fear and anger) as stated above, which have been
hypothesized to hinder offenders’ empathetic responses.57

Providing individuals with empathy training may therefore help
reduce aggressive behavior as well as hostile responses, while
increasing the inclination to conduct socially appropriate beha-
vior.58,59 Two studies have used VR scenarios to target empathy,
both as a preventative measure and as skills-training (Table 4). In
all, these studies further show that VR may have the potential to
reduce the occurrence of violence by enabling both youth and
adults to take on the role/perspective of victims of violent acts.
Ingram et al.60 designed VR scenarios that were meant to place

adolescents in real-life situations, such as a party or in the hallway
observing a fight. These scenarios were included in their program
to prevent bullying. They therefore conducted a randomized pilot
trial in 118 students to evaluate the effects of their VR enhanced
bullying prevention program compared with business-as-usual.
The study sample included any student and not solely students
who had bullied others. Their results showed a significant increase
in empathy levels after the VR intervention. Moreover, the latter
intervention was associated with a reduction in the perpetration
of bullying, which was mediated by empathy.
Seinfeld et al.61 used immersive VR to allow male offenders to

experience virtual violent situations from the first-hand perspec-
tive of victims of domestic violence. Their study compared
offenders to controls with no history of violence and found that
VR perspective-taking enhanced emotion recognition in violent
individuals. Hence, the findings showed that once offenders were
put in the place of a female victim through VR, their fear-
recognition difficulties in female faces as well as their bias toward
categorizing fear as happy improved. This study highlights that
offenders may augment their emotion recognition skills by
allowing them to change their perception through immersive
VR, which may have an impact on violence reduction.

Aggression
Fairly few VR interventions have targeted aggression as a primary
outcome. Two studies have developed interventions that have a
direct impact on reducing aggressive behaviors in at-risk
populations (Table 5). Such VR therapies should allow patientsTa
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to learn several key strategies to control their aggression that may
be applied later in real-life situations.
Zinzow et al.62 used a driving simulator to place military

populations with aggressive driving problems in personalized VR-
driving scenarios. They led a pilot study on eight veterans using
their eight-session intervention combining VR exposure to CBT.
The latter integrated anxiety and anger management as well.
During each VR exposure, the veterans had the possibility to
practice CBT skills that they had learnt. Findings showed notable
changes on measures of driving aggression and anger. The
authors thus found significant declines of PTSD symptoms,
hyperarousal in driving situations, anxiety/anger-related thoughts
and behaviors, and risky/aggressive driving, which lasted up to the
follow-up.
Tuente et al.63 designed Virtual Reality Aggression Prevention

Training (VRAPT), which is a treatment for reactive aggression in
forensic populations. For the moment their research protocol has
been published. The main goal of their ongoing randomized
controlled trial is to evaluate the efficacy of their 16-biweekly
individual training sessions using VR environments to reduce
aggressive behaviors while comparing it to a waiting list in 128
forensic psychiatric inpatients. The VR environments place
individuals in quarrelsome social situations with virtual individuals
that are entirely controlled by an instructor (i.e., speech, emotional
expressions, and body movements). Patients may thus learn to
control their aggressivity and practice their skills at their own pace
in a safe environment. VRAPT is another intervention that may be
personalized to each person’s own objectives and difficulties. For
the moment, they have stipulated that VRAPT will decrease
aggressive behavior up to the 12-week follow-up as reported by
patients and staff personnel. Other outcomes of interest also
related to violence (i.e., anger and impulsivity) will be measured in
their project. While the results of their study are not available yet,
the intervention appears propitious for the treatment of violence
more specifically. This intervention will certainly be of use for
other populations and may be used as much as for preventative
measures as for the management of violence.

Virtual reality therapies for schizophrenia: potential impact on
violence
Whereas research strongly supports the association between the
occurrence of violence and psychosis, there are studies suggesting
that the relation between symptomatology, violence and schizo-
phrenia is not random, but directed by specific patterns of
psychotic symptoms mainly belonging to positive symptoms.16 In
terms of positive symptoms, command hallucinations, paranoid
delusions, persecutory hallucinations have all been shown to raise
the risk of violent behavior toward others. These symptoms have
been associated with a threefold increase in the odds of
violence.64 Literature also suggests that feelings of distress in
relation to these symptoms may predict violence.65,66 The content
of the symptoms is likewise relevant. For instance, delusions of
being spied on, persecution as well as beliefs that one has been
replaced by an imposter have been associated with violence. This
is predominantly the case when these delusional beliefs occur
with suspiciousness, hostility, and agitation.67–69 In addition,
persecutory auditory verbal hallucinations are known to be
distressing, as they often criticize the voice hearer, and occur
with a significant frequency during extended periods of time.70 It
has been suggested that command hallucination ordering
individuals to conduct acts of violence toward others may
increase their compliance and thus favor violent behavior.71 VR
therapies have thus been developed to help patients cope with
their distress and treat the presence of these psychotic
symptoms.72

Freeman et al.73 anticipated to establish the potential ther-
apeutic use of VR for delusions (Table 6). They developed an

intervention for patients with persecutory delusion and conducted
a proof-of-concept study, in which 30 patients were randomized
to VR cognitive therapy or VR exposure. The virtual environments
consisted of an underground train and an elevator. Each had
gradations of difficulty based on the number of avatars placed
around the patient. In comparison with exposure alone, the VR
cognitive therapy led to large reductions in delusional conviction
and real-life distress.
Avatar Therapy (AT) has been a new advancement for the

treatment of auditory hallucinations. AT allows patients to create a
visual representation (i.e., an avatar) of their persecutor. Patients
are then encouraged to engage in a dialogue with their avatar
animated entirely by the therapist. The therapeutic objective is to
help patients gain control over their symptoms through emotion
regulation. The results of the pilot trials of Leff et al.74 as well as du
Sert et al.75 comparing AT with treatment as usual showed greater
effects of AT on auditory verbal hallucinations. Craig et al.76 further
conducted a larger single-blind randomized controlled trial
comparing seven-weekly sessions of AT to supportive counseling
in 150 patients with distressing auditory verbal hallucinations. The
results showed large effects of the therapy on distress associated
with auditory verbal hallucinations (Cohen's d= 0.8) compared
with supportive counseling.
While none of these VR interventions have measured a violent

outcome, it may be hypothesized that treating these crucial risk
factors may have an impact on managing and preventing
violence. Future well-controlled studies in schizophrenia are
necessary in this area that will measure both violence and
psychotic symptoms.

DISCUSSION
This review aimed to investigate the current state of knowledge
regarding the treatment of violence using VR. A limited number of
VR paradigms exists to treat at-risk individuals. The preliminary
studies in populations other than schizophrenia have shown
reductions in anger and impulsivity, improvements in conflict-
resolution skills as well as in empathy levels and decreases in
aggression. Particularly related to VR interventions for schizo-
phrenia, reductions in delusions and auditory hallucinations were
found, though they were not related to violence since this
outcome was not measured.
More particularly, we were interested in determining the

possible application of VR interventions for violence management
in youth with schizophrenia. Since those with schizophrenia are
affected by a panoply of symptoms, we investigated other
psychiatric disorders that share common symptomatology, and
especially transdiagnostic symptoms such as difficulties regulating
strong negative affect, lack of necessary skills to resolve problems,
and lack of empathy toward others. VR therapies tackling these
important risk factors of violence may be included in future
therapies for violent youth with psychosis. Moreover, although
many of these VR interventions use fixed scenarios, EMMA’s
World46 and VRAPT63 highlight the future of personalized
therapies for violence management. Above the known risk factors
of violence that may be targeted in at-risk populations, schizo-
phrenia is also particularly affected by specific risk factors, such as
the presence of psychotic symptoms.16,17 For the moment,
symptom-specific VR therapies in schizophrenia for persecutory
delusions and auditory verbal hallucinations exist.73–76 It may be
hypothesized that treating these psychotic symptoms may reduce
violence. Further studies are warranted in this area to elucidate if
reducing psychotic symptoms will result in a reduction of violence.
Tailored novel VR approaches that go beyond the one size fits all

approach are therefore needed to reduce violent behaviors in at-
risk individuals, while reducing psychotic symptomatology and
other transdiagnostic symptoms (i.e., anger). Such a holistic
approach will be able to be more inclusive of the difficulties that
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must be treated in violent youth with schizophrenia. In all, current
literature suggests that an immersive VR therapy combining
elements of AT74–76 for hallucinatory symptom reduction with
exposition to at-risk situations that may trigger perceived threat,
as well as allow skill training46,47,49,50,62,63 used to manage
negative emotions, impulsivity, and violence should be the next
few steps. More specifically, such VR therapies will enable young
offenders to learn and practice relevant skills in real time with the
therapist to reduce violence. Moreover, it has been proposed that
using more immersive VR systems, such as high-quality head-
mounted display (HMD) instead of a lesser immersive system (i.e.,
computer monitor), will lead to higher levels of presence and
more emotional arousal, which are necessary components for
better treatment efficacy.77

Due to the preliminary stages of VR as a treatment for violence,
studies show numerous methodological shortcomings, including
small sample sizes, lack of follow-up periods, and lack of
consideration of cofounding factors.72 For instance, individuals
on psychotropics while being treated with VR could be an
important confounding factor. Indeed, patients with schizophrenia
or other psychiatric disorders such as PTSD are often on
psychotropics, which could have an effect on the intervention if
not controlled for in the study. For the studies that have specified
that participants were on psychotropic medication,47,49,50,74–76

they had to be on stable medication throughout the intervention,
it is thus unlikely that medication impacted the results.
Furthermore, these results should be taken carefully as studies
all evaluated a different type of intervention with a VR component,
and the VR component was not necessarily the principal part of
the intervention. In addition, apart from the protocol of Tuente
et al.63 aiming to assess several violence-related measures, studies
assessed one type of factors (i.e., only anger, only impulsivity).
Though, these measures are not independent from one another;
for instance, managing anger may result in a reduction of
impulsivity. Future studies should include more violence outcome
measures and especially risk-assessment scales (i.e., HCR-2078). The
processes involved in VR therapies remain relatively unexplored,
and studies have not generally verified how the findings translate
to real-life situations. Finally, it is not possible to determine if
interventions in other at-risk populations (e.g., PTSD) can indeed
be applied to patients with a diagnosis of schizophrenia, even
though common and transdiagnostic risk factors, such as emotion
regulation, are targeted. Future studies adapting the essence of
these VR interventions in schizophrenia should be carried out to
verify the efficacy of specific and non-specific interventions to
reduce violence.
There is a clear need to implement better prevention programs

and management targeting violence amid at-risk populations; one
such approach may be with the inclusion of VR. Given the positive
results from intervention research in other populations, this review
shows that VR may also be used for the management of violence
risk in youth with schizophrenia. Future studies in young people
with schizophrenia are warranted to evaluate the efficacy of VR
therapies for violence.

METHODS
Search strategy
A search was conducted on the electronic databases of PubMed,
PsycINFO, and Google Scholar from the year 1990 (when VR began
to be used in mental health) using search terms chosen to be
inclusive for virtual reality (e.g., “virtual”, “virtual reality”, “VR”),
violent behaviors or related constructs (e.g., “violence”, “aggres-
sion”, “anger”), and interventions (e.g., “intervention”, “therapy”).
Reference lists were scanned by hand to identify additional
studies. Searches were completed by January 2019. Abstracts and
full texts were screened by L.D. and S.B. No setting, date, or

geographical restrictions were applied; searches were limited to
English or French language sources.

Study eligibility
We did not restrict the search to any specific psychiatric
population or any particular age group to achieve a maximum
number of studies. Studies were included so long as they (1)
enrolled any participants who received an intervention that
comprised any type of VR component; (2) included a measure on a
violent-related outcome (e.g., anger, impulsivity, aggression,
conflict resolution, empathy). This allowed in the inclusion of the
most studies on the subject. As for our secondary scope, we
searched literature for specific VR therapies for schizophrenia that
targeted risk factors of violence such as psychotic symptoms (i.e.,
hallucinations, delusions). Studies were excluded if they (1) were
only on victimization or bystander behaviors; (2) used serious
games; (3) were case reports/case series. Full texts that were not
accessible were excluded as well.

Data extraction
The data were extracted with a standardized form. Key informa-
tion related to the sample and the intervention were recorded.
The details of the studies may be found throughout Tables 1–6.
Extracted data were independently cross-checked and any queries
were resolved by discussion with A.D. and S.P. Furthermore, L.D.
and S.P. independently undertook quality assessment using a set
of criteria based on the GRADE Checklist.79 Studies were assigned:
high, moderate, low, and very low quality (see Supplementary
Material). To achieve a high standard of reporting data, the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines was followed.80
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