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Abstract
In the forensic field, most studies employing virtual reality (VR) interventions
have focused on offenders. The validity and safety of VR applications for victims
of crime are still unclear. Following PRISMA guidelines, a systematic review on
VR interventions for crime victims was performed to assess the efficacy, accept-
ability by patients, and cost-effectiveness of these interventions compared to
in-person care. We identified 34 potentially eligible studies from 188 records
obtained from database searches (Medline/Pubmed, CINAHL, PsycINFO, Web
of Science, and Scopus); four additional articles were identified via alternative
sources. In total, nine articles were included for the qualitative synthesis. Patient
satisfaction with VR interventions was found to be equivalent to face-to-face
interventions. Both VR exposure and control groups found relief from posttrau-
matic symptoms, with differences either statistically insignificant or in favor of
VR. Despite the increased costs linked to the technology required, VR appears
to be a promising alternative to in vivo exposure, but further research is needed.
Limitations of the review include the varied experimental protocols, which did
not allow us to conduct a quantitative analysis and comparison of findings across
different studies, and the generally poor quality of the studies included. Further
research, preferably in larger groups, is needed to shed more light on the effec-
tiveness of VR interventions for traumatized victims of crime.
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The term virtual reality (VR) refers to a technology
aimed at simulating real-life situations in a tridimensional
computer-generated environment with which users can
interact as if they were in the real world. Ideally, VR users
should not be able to distinguish the sensory experiences,
feelings, and interactions associated with the virtual world
from those elicited by the real world (Parsons et al., 2017).
The feeling of being in the virtual environment, even if one
is physically in another reality, is called presence (Schuemie
et al., 2001). Similarly, the subjective experience that a vir-
tual character exists in the environment is called social
presence (Parsons et al., 2017). Finally, the VR user’s expe-
rience of being wholly absorbed by the simulated envi-
ronment, momentarily “forgetting” their embodied pres-
ence in the physical world, is referred to as immersion
(Kellmeyer et al., 2019). Because of presence and immer-
sion, the VR environment ideally triggers the same behav-
ior as its real equivalent (Alsina-Jurnet et al., 2011). VR
technologies have also been applied in health care, partic-
ularly mental health care. VR makes it possible to expose
patients to stimuli and places that would otherwise be dif-
ficult to access and offer amore confidential setting than in
vivo exposure (Botella et al., 2015). Among the advantages
ofVRover in vivo exposure therapy,VRallows for the repli-
cation of different physical or situational environments to
treat various mental disorders (Botella et al., 2015). Impor-
tantly, the VR environment can be adapted to a patient’s
needs to help them modify behaviors, thoughts, and emo-
tions (Botella et al., 2015). Relatedly, therapists can control
the virtual situation to a high degree; for example, they can
prevent the occurrence of unpredictable events or repeat
a specific exposure task as many times as necessary. How-
ever, the realistic features of VR treatment also entail risks.
For instance, when treating posttraumatic stress disorder
(PTSD), previous research has suggested that VR exposure
confers a risk of retraumatization instead of the successful
processing of a traumatic experience (Eichenberg, 2010).
Still, VR therapy is scarce: Therapists tend to have limited
access to suitable VR systems, and there is also a lack of
training that currently prevents wider use in clinical set-
tings (Botella et al., 2015).
In themental health field, VR interventions have shown

positive effects in patients affected by specific phobias
(Botella et al., 2017), PTSD (Botella et al., 2015), psychoses
(Craig et al., 2018; Veling et al., 2014), and eating disor-
ders (Ferrer-Garcia & Gutierrez-Maldonado, 2012), as well
as offenders in forensic mental health facilities (Kip et al.,
2018). VR has also been applied for individuals who have
been the victim of or witness to a crime, such as military
sexual trauma (Loucks et al., 2019), who often report PTSD
and anxiety-related disorders. Regarding the treatment of
PTSD, twomain types of VR environments have been iden-
tified: a VR environment with very specific and realistic

situations (Difede et al., 2007) and a flexible VR environ-
ment that uses symbolism to represent traumatic events
(Baños et al., 2011). A clear advantage of specific and real-
istic VR environments is their hyperrealism, as the trau-
matic situation is represented with very specific details;
however, employing these treatments in daily clinical prac-
tice is costly, as different virtual environments are required
to treat diverse problems (e.g., terrorist attacks, sexual
assault; Baños et al., 2011; Botella et al., 2015). The flexi-
ble type of VR environment is an adaptable systemwherein
traumatic events are symbolically represented using differ-
ent tools, such as symbols, pictures, music, sounds, and
video. The main advantage of this type of VR environ-
ment is its flexibility in representing any traumatic event,
whereas its main weakness is that for some PTSD popula-
tions, a more specific and realistic VR environment might
be more suitable (Botella et al., 2015).
In the forensic field, most studies employing VR inter-

ventions have focused on offenders, from predicting reof-
fending risk (Fromberger, Jordan, et al., 2018; Fromberger,
Meyer, et al., 2018; Klein Tuente et al., 2020; Nee et al.,
2019; Nee et al., 2014), to offending rehabilitation and inte-
gration (Fromberger, Jordan, et al., 2018; Kip et al., 2018;
Kip, Kelders, Bouman, et al., 2019; Kip, Kelders, Weerink,
et al., 2019; Renaud et al., 2010; van Rijn et al., 2015). Only
a few studies have focused on the victims of crime, and
these examinations have led to contrasting results (Botella
et al., 2010; Cárdenas-López et al., 2013, 2014, 2015; Difede
et al., 2007, 2014; Jouriles et al., 2014; Loranger&Bouchard,
2017; Peskin et al., 2019). The goal of the present paper
is to provide a systematic review on VR interventions for
crime victims and assess the validity, patient acceptabil-
ity, cost-effectiveness of this treatment modality compared
to in-person care, with the aim of helping providers to be
better equipped to understand advantages and potential
drawbacks of VR interventions.

METHOD

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guidelines (Liberati et al., 2009).

Literature search

We used a systematic search strategy to identify relevant
articles. We conducted a two-step literature search on
April 23, 2020. As a first step, the Medline/Pubmed,
CINAHL, PsycINFO, Web of Science, and Scopus
databases were searched, with the following search terms:
(victim* OR abused) AND (“crime*” OR “assault” OR
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“violen*” OR “interpersonal violen*” OR “rape” OR
“stalking” OR “harassment” OR cybercrime) AND (“vir-
tual reality” OR “augmented reality” OR “artificial reality”
OR VR). The second step involved two authors performing
an additional electronic search based on the manual
mining of the reference lists of the retrieved articles. We
then screened the abstracts of the articles identified during
these two steps for eligibility, and articles deemed eligible
for inclusion in the review were then further assessed
based on a full-text reading. Discrepancies were resolved
through consensus with a third author.

Inclusion and exclusion criteria

We examined the following outcomes: acceptability and
patient satisfaction, efficacy, and cost-effectiveness. The
inclusion criteria were (a) randomized controlled trials
(RCTs), nonrandomized control trials (NCTs), or pre–post
studies; (b) the investigation of the effects of VR inter-
ventions for victims of crime; and (c) adult samples (i.e.,
participants were 18 years of age or older). We excluded
articles written in languages other than English, Italian, or
Spanish; reviews, retrospective studies, and case reports;
and articles for which we were unable to obtain the full
text even after contacting the corresponding author.

Data extraction

Titles and abstracts were screened by two reviewers inde-
pendently, in duplicate, to determinewhether the retrieved
studies met the previously outlined inclusion criteria. Full
texts were obtained for studies that appeared to meet the
inclusion criteria and those for which a decision could not
bemade from the title and/or abstract alone, and a detailed
review of the criteria was performed. Full texts were inde-
pendently assessed for eligibility by two reviewers, and
discrepancies were resolved by an initial discussion or con-
sultationwith a third reviewer,when required, until a com-
plete consensus was reached.
A standardized form was used to extract data from

the included studies to assist in the evaluation of study
quality and synthesis of evidence. Extracted information
included study focus, participant characteristics, details
of the intervention and control conditions, study method-
ology, dropout rate, outcomes and assessment times, and
information needed for risk of bias (RoB) assessments.
Extractionwas completed by two reviewers independently,
in duplicate. A third reviewer was consulted when needed.

Quality evaluation

The quality of the included studies was assessed using the
RoB assessment tool developed by the Cochrane Collabo-
ration for randomized studies (Higgins & Green, 2011) and
the Risk of Bias in Nonrandomized Studies of Interven-
tions (ROBINS-I) tool for nonrandomized studies (Sterne
et al. 2016). The RoB assessment identifies possible sources
of bias in randomized control trials, such as selection
bias (i.e., random sequence generation, allocation con-
cealment), performance bias (i.e., blinding of participants
and personnel), detection bias (i.e., blinding of outcome
assessment), attrition bias (i.e., incomplete outcome data),
reporting bias (i.e., selective reporting), and other bias (i.e.,
bias due to problems not covered by the other points). The
ROBINS-I is used to investigate seven domains through
which bias might be introduced into a nonrandomized
trial, categorized as occurring preintervention (bias due to
confounding and bias in the selection of participants into
the study), at intervention (bias in classification of inter-
ventions), and postintervention (bias due to deviations
from intended interventions, bias due to missing data, bias
in the measurement of outcomes and bias in the selection
of the reported result).

RESULTS

We identified 34 potentially eligible studies from 188
records obtained from the selected databases and four
obtained from alternative sources. After reviewing the full
content of the papers, 25 articles were excluded for several
reasons: sevenwere case descriptions, conference proceed-
ings, or reviews; 12 did not examine a population of interest
(i.e., adult victims of crime); one did not provide the neces-
sary data, which were unable to obtain after contacting the
study author; and five contained duplicate data. The pro-
cess of identifying eligible studies is outlined in Figure 1.
For the list of the excluded studies see the Supplementary
Materials.

Studies, participants, and treatment
characteristics

The characteristics of the included studies are summarized
in the Supplementary Materials. Four studies (Botella
et al., 2010; Cárdenas-López et al., 2013; Loranger &
Bouchard, 2017; Peskin et al., 2019)were RCTs, 1was aNCT
with a quasi-experimental design (Difede et al., 2007), and
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F IGURE 1 PRISMA flow diagram

four were pre–post studies (Cárdenas-López et al., 2014,
2015; Freeman et al., 2014; Jouriles et al., 2014).
Eight studies (Cárdenas-López et al., 2013, 2014, 2015;

Difede et al., 2007; Freeman et al., 2014; Jouriles et al., 2014;
Loranger & Bouchard, 2017; Peskin et al., 2019) used a spe-
cific and realistic virtual environment, whereas one study
(Botella et al., 2010) used a flexible and adaptable VR envi-
ronment that employed symbolism to represent the trau-
matic event (i.e., EMMA’s world). Three studies were con-
ducted in the United States (Difede et al., 2007; Jouriles
et al., 2014; Peskin et al., 2019), one in Canada (Loranger
& Bouchard, 2017), one in Spain (Botella et al., 2010), one
in the United Kingdom (Freeman et al., 2014), and three in
Mexico (Cárdenas-López et al., 2013, 2014, 2015).
Regarding the assumption of pharmacological therapy,

only four studies reported on this variable. Half of one
study sample was taking medication (Botella et al., 2010);
three out of 13 patients in another study were taking selec-
tive serotonin reuptake inhibitors (SSRIs; Difede et al.,
2007); one study included no patients who were taking
medication (Cárdenas-López et al., 2014); and 56% of par-
ticipants in the study by Peskin et al. (2019), as reported
by Difede et al. (Difede et al., 2014), were on psychotropic
medications.

Quality evaluation

Figure 2 summarizes the different aspects concerning the
methodological quality of the RCTs. Among the included
RCTs, the overall quality was poor. Only one study (Peskin
et al., 2019) reported the method used for generating the
random sequence, as outlined in the published protocol,
and noted whether the method used to hide the sorting
of patients allowed for the prediction of patient distribu-
tion into groups in the study by Difede et al. (2014), which
described themethodology. Two of the studies did not use a
blind evaluator (Botella et al., 2010; Loranger & Bouchard,
2017), one study made use of a blind evaluator (Peskin
et al., 2019), and one did not provide information about
whether the evaluator was blinded (Cárdenas-López et al.,
2013). In one study, the differential attrition was judged
as problematic (i.e., 25% of patients dropped out in the
placebo group vs. none in the intervention group). The
study protocol was available only for one study (Peskin
et al., 2019).
Table 1 shows ROBINS-I RoB of nonrandomized stud-

ies. One study (Difede et al., 2007) was evaluated to have
an overall critical risk of bias, three studies (Cárdenas-
López et al., 2014; 2015; Jouriles et al., 2014) had a serious
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F IGURE 2 Risk of bias summary. Note. “+” indicates a low
risk of bias. “–” indicates a high risk of bias. “?” indicates an unclear
risk of bias

overall risk of bias, and one study (Freeman et al., 2014)
had a moderate overall risk of bias.

Acceptability and patient satisfaction

Few studies reported on patient satisfaction and accept-
ability. One study that examined patient satisfaction

demonstrated no difference between VR interventions and
treatment as usual (Cárdenas-López et al., 2013). Another
study, which did not use a control group, reported that all
patients who received VR interventionswere satisfiedwith
the received treatment (Cárdenas-López et al., 2014).

Efficacy

Among the studies that examined treatment efficacy, VR
interventions showed a higher efficacy compared to imag-
inary exposure therapy (IET; Cárdenas-López et al., 2013)
and waitlist conditions (Difede et al., 2007); however,
Botella et al. (2010) found no differences between cognitive
behavioral therapy (CBT) and VR exposure. Freeman et al.
(2014) found that responses to VR predicted the severity of
paranoia and PTSD symptoms as assessed using standard
measures 6 months later. Finally, two studies by Cardenas
and colleagues (Cárdenas-López et al., 2014, 2015) reported
that VR treatment was effective in treating PTSD patients,
with all patients showing a clinically significant improve-
ment in PTSD symptoms (i.e., a score improvement greater
than 30% on a measure of PTSD symptoms) after 12 weeks
of treatment.

Cost-effectiveness

Few studies mentioned the potential cost implications
of VR interventions. In three separate studies, Cárdenas-
López et al. (2013, 2014, 2015) briefly discussed the idea that
virtual reality interventions could be more cost-effective
than other modalities, but they did not include this vari-
able or outcome in their analyses. Thus, we could not find
empirical support for this statement.

TABLE 1 Risk of bias judgments in nonrandomized studies of interventions (ROBINS-I) assessment

Study Confounding
Selection of
participants

Classification
of
interventions

Deviation
from intended
interventions

Missing
data

Measurement
of outcomes

Selection of
reported
results Overalla

Difede et al., 2007 Critical Low Critical Critical Moderate Moderate Low Critical
Cárdenas-López
et al., 2014

Serious Low Moderate Low Low Moderate Low Serious

Cárdenas-López
et al., 2015

Serious Low Low Low Low Moderate Low Serious

Freeman et al.,
2014

Moderate Low Low Low Low Low Low Moderate

Jouriles et al., 2014 Serious Low Serious Low Low Moderate Low Serious

Note: “Low” indicates that the risk of bias is comparable to that in a well-performed randomized trial. “Moderate” indicates that the risk of bias is sound for a
nonrandomized study but not comparable to a rigorous randomized trial. “Serious” indicates the presence of important problems. “Critical” indicates that the risk
of bias is too problematic to provide any useful evidence on the effects of the intervention.
aOverall risk of bias rating is equal to the most severe level of bias found in any domain.
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DISCUSSION

This systematic review of nine studies on VR interventions
for victims of crimes showed a general trend toward ben-
efits conferred from immersive VR in reducing PTSD
symptoms when compared to control conditions
(Cárdenas-López et al., 2013; Difede et al., 2007) and
in pre–post intervention studies (Cárdenas-López et al.,
2014, 2015). In addition, immersive VR appears to be
predictive of paranoia-related and PTSD symptom severity
in crime victims 6 months following treatment (Freeman
et al., 2014) and can be useful to create a safe and realistic
environment for gradual exposure to a sexual assault
scenario (Loranger & Bouchard, 2017) as well as for role
plays designed to help college women resist sexual attacks
(Jouriles et al., 2014). Our findings are consistent with
reviews of VR use in patients affected by PTSD (Botella
et al., 2015; Goncalves et al., 2012; Motraghi et al., 2014)
even though there is no available literature specifically
focused on VR interventions for victims of crime. Still,
the extent to which VR could be more effective than
traditional treatments remains unclear, as does whether
thismodality is preferable for certain subgroups of victims.
Regarding victims of crime, the possibility of retraumati-

zation is amarked concern.More research is needed to bet-
ter understand the size of this risk and how it can be dimin-
ished or avoided. Still, in the absence of such research, it
is plausible that symbolic versus realistic VR interventions
could be safer in this respect, as they differ in important
ways from the actual traumatic event and have demon-
strated similar results. Another option might be to use a
realistic version of the event but with some modifications
that make it less similar to the traumatic event and can
be tailored to the individual victim’s preferences (e.g., the
appearance of avatars). This may also signal the impor-
tance of involving actual victims in the development of
VR interventions designed to help this population with
regard to the process and potential functionalities. In gen-
eral, from an ethical perspective, researchers have argued
that with respect to VR in medicine, vulnerable patient
voices should be included in the design phase (Kellmeyer
et al., 2019).
In the included studies, satisfaction, when measured,

was either equivalent to face-to-face therapy (Cárdenas-
López et al., 2013) or at least reported by patients under-
going VR interventions (Cárdenas-López et al., 2014). This
suggests that, overall, victims of crime find mental health
care delivered via VR to be at least as acceptable as tradi-
tional, in-person treatment. However, to date, few univer-
sities or academic centers offer any specific training in the
field of cyberpsychology or “e-health” for mental health
providers, and, consequently, such interventions are scarce
in the mental health field.

VR interventions are relatively costly because of the
expensive equipment needed to administer them, such
as a powerful computer with a good graphics card and
head-mounted display (Cornet & Van Gelder, 2020). Still,
only three studiesmentioned cost-effectiveness (Cárdenas-
López et al., 2013, 2014, 2015), and the authors of these stud-
ies pointed to the cost benefits of VR procedures, likely due
to the potentially high costs and low feasibility related to
in vivo exposure. However, the authors failed to provide
data supporting this statement; thus, further research is
needed. Regarding anxiety treatments, Fodor et al. (2018)
emphasized that, even though it seems “intuitive” that
VR treatment would be cost-effective compared to typi-
cal treatments, research has not yet provided evidence for
this statement. The authors point to the fact that the cost-
effectiveness might depend on the disorder being treated.
For a patient with a fear of flying, they argue, VR treatment
may be much cheaper than a plane ticket, but for fear of
heights, this might not be the case, as relevant exposures
might be more accessible.
In addition, the cost of technology overall continues

to decrease due to innovations in the market, and this
will likely result in VR interventions becoming even more
cost-effective in the future. It is important to note that
unlike some other health care technologies, such as mag-
netic resonance imaging and computed tomography scans,
VR applications are used and developed predominantly
outside of medicine. Some observers have predicted that
health care applications will only comprise approximately
15% of the total VR and augmented reality market by 2025,
whereas the consumermarket will comprise 50% (Keswani
et al., 2020). This means that the advancement of VR may
be driven not only by research and development in health
care but also by developments in the consumer market.
This could also reduce the costs of VR in mental health
care.
Finally, an important advantage of VR is that it can bring

people together across distances. The patient and therapist
do not necessarily have to be in one room, one building,
one city, or even one country. This confers several benefits.
Given the current COVID-19 pandemic, it is necessary for
individuals to be able to receive treatment at home from a
distant therapist. But the technology also opens the possi-
bility of specialized VR centers that treat victims in a larger
region. This could be helpful to deal with the current—
possibly temporary—scarcity of trained therapists.
There are several limitations of the present system-

atic review that make the current findings preliminary
rather than conclusive. Because of the varied experimen-
tal protocols, it was not possible to conduct quantitative
analyses and comparisons of the findings across different
studies. In addition, several methodological issues limited
the strength of the current conclusions: Most of the RCTs
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omitted data concerning random sequence generation,
allocation concealment, blinding procedure, and descrip-
tion of incomplete outcome data, and only one included
article published the study protocol (Peskin et al., 2019).
Regarding the nonrandomized trials, the overall risk of
bias ranged from critical to moderate. Moreover, the sam-
ple sizes were relatively small, with a maximum of 30 par-
ticipants for RCTs (Loranger et al., 2017) and 106 for pre–
post studies (Freeman et al., 2014). There is also a strong
possibility that publication bias plays a role in the present
results, as publication may be more unlikely for a study
that was unable to reject its null hypothesis. In addition,
our study focused onVR interventions for victims of crime,
a civilian population that may have different characteris-
tics frommilitary samples (e.g., training and deployment),
and we did non focus on crimes perpetrated over time
(e.g., stalking). Therefore, the treatment population may
not be representative of all trauma-exposed adults. There
is a need for more research that includes well-specified
randomization procedures, assessor blinding, larger sam-
ple sizes, and intent-to-treat analyses.
The findings from this systematic review demonstrate

that VR could become a valuable addition to the thera-
peutic options for traumatized victims of crime. Still, fur-
ther research is required, preferably in larger groups. This
will not only shed more light on the effectiveness of the
treatment but also on its place among other interventions,
which can enable victims to make more informed deci-
sions about their treatment.
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