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Virtual Reality (VR) in Forensic Psychology

Interests and issues in Research and Practice

VR in mental health

 propose a typology based on immersion, one of three central characteristics of VR with fidelity and patient depiction. The three levels of immersion: low, moderate and high, depend on the presence of devices in real world. Thereby, the use of joystick, mouse or even communication of instructions from the experimenter is categorized as low immersion in contrast to head-mounted display, considered as high immersion.

The use of this technology in mental health has increased for the last decades (Bogossian et al., 

VR in forensic research and practice

The use of VR in forensic research is sparse, despite its utility for diagnosis, risk assessment and therapy [START_REF] Fromberger | Virtual reality applications for diagnosis, risk assessment and therapy of child abusers[END_REF].

Psychiatric diagnoses are still largely based on clinical interviews or on self-questionnaires [START_REF] Van Bennekom | Virtual Reality Objectifies the Diagnosis of Psychiatric Disorders: A Literature Review[END_REF]. Semi-structured interviews allow the in-depth investigation of diagnoses through a clinical relationship. However, they present the disadvantages of requiring a prior training [START_REF] Lewis-Beck | The SAGE Encyclopedia of Social Science Research Methods[END_REF], and being sensitive to memory bias or to clinician's perception concerning the nature and severity of diagnosis [START_REF] Van Bennekom | Virtual Reality Objectifies the Diagnosis of Psychiatric Disorders: A Literature Review[END_REF]. Self-questionnaires present advantages: they are quick and convenient to administer, even in an expertise framework, and require less interpretation, few training, limited costs [START_REF] Lewis-Beck | The SAGE Encyclopedia of Social Science Research Methods[END_REF]. However, they should only be used when research objectives are simple and limited [START_REF] Lewis-Beck | The SAGE Encyclopedia of Social Science Research Methods[END_REF]. Moreover, clinical interviews and self-questionnaires are also limited by potential interviewees manipulation, social desirability and low ecological validity [START_REF] Van Bennekom | Virtual Reality Objectifies the Diagnosis of Psychiatric Disorders: A Literature Review[END_REF]. In order to overcome these limitations, new methodologies are needed.

VR brings both ethical and practical benefits to risk assessment. On the ethical side, a major pitfall of inaccurate risk assessment stems from the superficial environments (prison, forensic hospital) in which the offender is evaluated [START_REF] Fromberger | Virtual reality applications for diagnosis, risk assessment and therapy of child abusers[END_REF]. It would be unethical to confront a child sexual offender with a victim for the purpose of assessing its self-regulation abilities following a therapeutic program. But the use of VR allows us to assess abilities in close-to-real 3D environments without resorting to ethically questionable or even dangerous processes. On the practical side, VR also present the benefit of the variety of scenarii [START_REF] Meyer | Verhaltensbeobachtung von Kindesmissbrauchstätern in virtuellen Risikosituationen-eine Machbarkeitsstudie zu VR-gestützter Gefährlichkeitsprognostik[END_REF]). In combination with eye-tracking device, VR assesses realistic situations (Figure 1) without exposition to uncontrolled environment (Trottier et al., 2014). VR validates and specifies the assessment of paraphilic interests (Renaud et al., 2014), empathy (Figure 2; [START_REF] Hamilton-Giachritsis | Reducing risk and improving maternal perspective-taking and empathy using virtual embodiment[END_REF], or emotions decoding (Figure 3; Cigna et al., 2015;[START_REF] Seinfeld | Offenders become the victim in virtual reality: impact of changing perspective in domestic violence[END_REF].

The controlled virtual environment also allows to investigate the criminogenic needs (e.g.: (sexual) self-regulation, offense supportive cognitions, interpersonal functioning) highlighted as main therapeutic focus [START_REF] Ward | Risk management or goods promotion: The relationship between approach and avoidance goals in treatment for sex offenders[END_REF]. Furthermore, VR (Figure 4) better transposes skills developed in therapy to day-to-day life [START_REF] Joyal | Utilisation de la Réalité Virtuelle en neuropsychologie expérimentale et Clinique[END_REF]. Additionally, it has been showed that patients improve their test scoring (e.g.: WSCT) after cognitive remediation sessions but fail to transpose it (e.g.: cognitive flexibility) to real situations. In comparison to classical therapy, the VR-based therapy has shown better (g =.73-.88) or equal (g = -.007) results for treatment of anxiety, depression, phobia or even schizophrenia [START_REF] Carl | Virtual reality exposure therapy for anxiety and related disorders: A meta-analysis of randomized controlled trials[END_REF]Fodor et al., 2018;[START_REF] Rus-Calafell | A virtual reality-integrated program for improving social skills in patients with schizophrenia: A pilot study[END_REF][START_REF] Wechsler | Inferiority or Even Superiority of Virtual Reality Exposure Therapy in Phobias?-A Systematic Review and Quantitative Meta-Analysis on Randomized Controlled Trials Specifically Comparing the Efficacy of Virtual Reality Exposure to Gold Standard in vivo Exposure in Agoraphobia, Specific Phobia, and Social Phobia[END_REF]. However, meta-analysis or systematic review concerning the clinical efficiency of VR is still missing. (Trottier et al., 2014) Figure 2 -VR use for empathy enhancing (Hamilton-Giachistis et al., 2018) Figure 3 -Emotion recognition 3D stimuli (Cigna et al., 2015) Figure 4 -Virtual shopping environment (Parsons, 2012) Contact : luca.tiberi@umons.ac.be View publication stats
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 1 Figure1-Combined used of VR and eye-tracking(Trottier et al., 2014)