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Design of a Virtual Cocaine Consumption Scenario for Craving Study
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By providing any wanted situation without the risks associated to it, Virtual Reality (VR) bears a strong potential for Cue Exposure Therapy (CET) related to psychoactive substance use disorders (SUD), as it allows both exposing participants to a great variety of controlled stimuli and making them involved through a strong sense of presence.

However, while Virtual Reality Exposure Therapy (VRET) has already been used successfully in the treatment of several disorders (e.g. tobacco dependence, agoraphobia, social phobias, post-traumatic stress disorder, obsessive-compulsive disorder), its effectiveness still needs to be demonstrated for the treatment of cocaine-related SUD. Most notably, its ability to induce craving must be evaluated.

In this paper, we describe the design and development of a virtual environment made for the treatment of substance use disorder with cocaine users through CET. This environment is also presented in a video (https://vimeo.com/568320310).

I. INTRODUCTION

In the context of psychoactive substance use disorders, CET has therapeutic potential [START_REF] Martin | Progress in cue exposure therapy for the treatment of addictive disorders: A review update[END_REF]. However, due to the risks associated with in vivo exposure and the illegality of substances, current methods of triggering craving -the irrepressible desire to consume the substance -are based mainly on predefined -and sometimes inadapted -visual stimuli, such as photos or videos of the desired substances. These stimuli have the disadvantage of limiting the subject's exposure to a set of stimuli less ecologically valid and thus less powerful at soliciting craving than the actual stimuli [START_REF] Hone-Blanchet | The Use of Virtual Reality in Craving Assessment and Cue-Exposure Therapy in Substance Use Disorders[END_REF], which may compromise the effectiveness of the CET approach [START_REF] Conklin | Applying extinction research and theory to cue-exposure addiction treatments[END_REF].

The use of VR can improve CET potential by overcoming these limitations. The paradigm of Virtual Reality Exposure Therapy (VRET) makes it possible to exploit dynamic and interactive immersive Virtual Environment (VE) that are specific and ecological to the subject's consumption [START_REF] Kuntze | Immersive virtual environments in cue exposure[END_REF]. VR promotes the emergence of a strong subjective sense of presence in the VE [START_REF] Regenbrecht | Measuring the sense of presence and its relations to fear of heights in virtual environments[END_REF] thus eliciting cravings that have been demonstrated to be superior to that of exposure to classical visual stimuli [START_REF] Hone-Blanchet | The Use of Virtual Reality in Craving Assessment and Cue-Exposure Therapy in Substance Use Disorders[END_REF], [START_REF] Kuntze | Immersive virtual environments in cue exposure[END_REF], [START_REF] Saladin | A preliminary report on the use of virtual reality technology to elicit craving and cue reactivity in cocaine dependent individuals[END_REF]. VRET has already demonstrated that it can enhance the therapeutic effect of traditional CET in several disorder treatments: tobacco dependence [START_REF] Culbertson | Virtual reality cue exposure therapy for the treatment of tobacco dependence[END_REF], agoraphobia, social phobias, post-traumatic stress disorder, obsessive-compulsive disorder [START_REF] Lognoul | La thérapie par exposition en réalité virtuelle pour les états de stress post-traumatiques, les troubles obsessionnels compulsifs et les troubles anxieux: indications, plus-value et limites[END_REF] and could furthermore encourage people with substance use disorder to engage in therapy [START_REF] Garcia-Palacios | Redefining therapeutic success with virtual reality exposure therapy[END_REF]. However, to be effective, the VE must be representative of real substance use environments as experienced by the participant: the representativeness significantly mediates craving eliciting by VR [START_REF] Traylor | Using virtual reality to investigate complex and contextual cue reactivity in nicotine dependent problem drinkers[END_REF].

In this paper, we present the design and development of a VR environment for the treatment of substance use disorder with cocaine users. This environment was created in the context of an ongoing study aiming at demonstrating the therapeutic potential of VRET for cocaine use disorder.

This paper is organized as follows: in section II we present the related works to our project. In section III we present the result of a preliminary work aiming at developing and evaluating 3 prototype environments and their empirical evaluation. In section IV we present the design of the final environment we developed. In section V, we present the results of a first study we led using this environment before concluding in section VI.

II. RELATED WORKS

A. The Use of Virtual Reality in Cue Exposure Therapy CET are widely indicated in the management of many anxiety disorders and demonstrate effect sizes comparable to in vivo modalities. CET are also indicated in the treatment of psychoactive substance use disorders. However, in this context, their therapeutic potential is limited. In fact, current methods are based mainly on visual stimuli, such as photos or videos of substances, which are non-interactive and not representative of live consumption situations. In addition, several meta-analyses highlight the lack of consistency of the available corpus and question the expectations related to CET [START_REF] Conklin | Applying extinction research and theory to cue-exposure addiction treatments[END_REF], [START_REF] Mellentin | Cue exposure therapy for the treatment of alcohol use disorders: A meta-analytic review[END_REF], [START_REF] Malbos | L'utilisation de la réalité virtuelle dans le traitement des troubles mentaux[END_REF].

Conklin & Tiffany point out that, despite a strong interest for CET, this paradigm fails to show lasting effects on abstinence in psychoactive substance users [START_REF] Conklin | Applying extinction research and theory to cue-exposure addiction treatments[END_REF]. Likewise, Mellentin & al., in a meta-study on alcoholic disorders, underline the lack of evidence on the long-term efficacy of CET compared to conventional treatment in cognitive behavioral therapy [START_REF] Mellentin | Cue exposure therapy for the treatment of alcohol use disorders: A meta-analytic review[END_REF].

In this context, the paradigm of VRET represents a particularly interesting lever for improving conventional CET. In fact, VR technologies allow the creation of dynamic and interactive immersive VE specific to the patient's consumption situations. For example, the effectiveness of exposure to virtual reality stimuli in triggering craving has been demonstrated to be superior to that of exposure to conventional stimuli [START_REF] Malbos | L'utilisation de la réalité virtuelle dans le traitement des troubles mentaux[END_REF]. The authors note an increased effectiveness of VRET, compared to exposure therapies to photos or videos, while underlining the need for additional studies to validate this effect. In particular they conclude that a study of the impact of factors influencing presence is necessary. Furthemore, in their systematic review of research on the use of VR in assessment and treatment of addictive disorders, Segawa et al. [START_REF] Segawa | Virtual Reality (VR) in Assessment and Treatment of Addictive Disorders: A Systematic Review[END_REF] note that VR provides significant benefits and achieve high levels of ecological validity. However, they also stress that craving provocation in VR is effective across addiction disorders, treatments based exclusively on VRET to drug related cues as shown heterogenous results. These insights confirm suggestion from a previous review from Hone-Blanchet et al. [START_REF] Hone-Blanchet | The Use of Virtual Reality in Craving Assessment and Cue-Exposure Therapy in Substance Use Disorders[END_REF] suggesting the need for further studies on the matter.

A study focused on the use of Virtual Reality Exposure (VRE) and aimed at assessing the effectiveness of this paradigm in triggering craving in patients in a study involving 11 cocaine users [START_REF] Saladin | A preliminary report on the use of virtual reality technology to elicit craving and cue reactivity in cocaine dependent individuals[END_REF]. Users who were immersed in VR environments specific to cocaine use reported a significant increase in craving, a significant decrease in positive affect, as well as an increase of heartbeat, when compared to reference levels. However, their study did not use multi-item craving assessment, and thus lacks a proper assessment of craving elicitation levels [START_REF] Glautier | Methodological issues in cue reactivity research[END_REF].

It therefore emerges from the analysis of the literature that the paradigm of VRET is of great interest to all the actors involved in the care of individuals with substance use disorders but that their effectiveness has yet to be validated empirically.

Furthermore, the accompanying clinical practices including these tools are still to be defined [START_REF] Hone-Blanchet | The Use of Virtual Reality in Craving Assessment and Cue-Exposure Therapy in Substance Use Disorders[END_REF].

B. Craving, Presence and Ecological Validity

Craving exposure requires at first craving eliciting. In a review of the craving major behavioural and cognitive models [START_REF] Skinner | Craving's place in addiction theory: Contributions of the major models[END_REF], classical conditioning is introduced as the main mechanism by which an exposure to particular stimuli will automatically elicit craving. More particularly, classical conditioning model argues that a repeated cocaine use (unconditioned stimulus) in exposure to neutral stimuli (e.g. a syringe) will induce an association between the neutral stimuli and the unconditioned response of craving. A simple exposure to the syringe (conditioned stimulus) will then result in eliciting cocaine craving (conditioned response). Hence, eliciting craving in an exposure context will require to expose oneself not only to the very specific stimuli conditioned to craving, but also to their dynamic way to interact between each other [START_REF] Drummond | Conditioned learning in alcohol dependence: implications for cue exposure treatment[END_REF]. VR, through a more immersive and interactive experience elicits presence which, in turn, can encourage intense craving [START_REF] Simon | Alcohol craving in heavy and occasional alcohol drinkers after cue exposure in a virtual environment: The role of the sense of presence[END_REF]. It thus has the potential to overcome the intrinsic limitations of traditional static pictures exposure (PE) [START_REF] Hone-Blanchet | The Use of Virtual Reality in Craving Assessment and Cue-Exposure Therapy in Substance Use Disorders[END_REF].

Presence, defined as the feeling of being there in a digital environment, rather than in the actual physical place of a user, is a key factor in any VR experience [START_REF] Slater | Measuring presence: A response to the witmer and singer presence questionnaire[END_REF]. It is strongly suggested that immersion -or the technological quality of a media -has only a medium sized effect on the feeling of presence [START_REF] Cummings | How immersive is enough? a meta-analysis of the effect of immersive technology on user presence[END_REF]. Presence seems to be solicited not only through the quality of the visual stimuli of the environment, but also through the systems' interactive capability : the feeling of presence emerging from displays quality and interactive capability alike, creating the sense that the environment is actually happening (the plausibility illusion) [START_REF] Cummings | How immersive is enough? a meta-analysis of the effect of immersive technology on user presence[END_REF], [START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF].

Positive correlation has been observed between the sense of presence and the emotional experience [START_REF] Simon | Alcohol craving in heavy and occasional alcohol drinkers after cue exposure in a virtual environment: The role of the sense of presence[END_REF]. In their study comparing post-immersion in occasional and heavy alcohol drinkers, they show a correlation between presence and craving outcomes. More specifically, craving was linked to the ecological validity of the environment -i.e. "the tendency to perceive the environment as lifelike and real" -as assessed by the ITC sense of presence inventory [START_REF] Lessiter | A cross-media presence questionnaire: The itc-sense of presence inventory[END_REF]. It is thus reasonable to assume that, in the context of VRE, a higher sense of presence will be correlated with higher levels of craving and that ecological validity of the environment will be a key factor in the effectiveness of the designed environments.

III. FIRST STEP IN DEFINING ECOLOGICAL ENVIRONMENTS

Our approach to VRET to craving consists in designing environments with a focus on ecological validity: in order to better induce craving, our VEs should match a real life consumption situation that the users might have already encountered [START_REF] Traylor | Using virtual reality to investigate complex and contextual cue reactivity in nicotine dependent problem drinkers[END_REF]. As a first step towards this end, we led semistructured interviews with 4 cocaine users in order to identify what they thought would be the most representative consumption situations. The interviews and preliminary tests were carried by psychologists with voluntary participants seeking help at the name removed for anonimity prevention center associated to this work. Throughout the interviews, users were encouraged to relate what would be the according consumption scenario. Three scenarios emerged from these interviews:

A. Urban Scenario

• Environment : a neighborhood of a common city containing bars and towers of buildings with a parking lot in the middle. • Scenario : the trade of a cocaine bag is done in the middle of the parking lot. After that, the user can use the drug in a back alley.

B. Festive Scenario

• Environment: a bar with a festive atmosphere inside with people drinking alcohol. 

C. Apartment Scenario

• Environment: A calm apartment environment.

• Scenario: Three virtual characters come to the apartment: a close friend and a couple. Each has their own product and places it on a table in front of a sofa to prepare it. The environment includes bottles of water, some alcohol and tobacco, a TV playing music videos. From these elements, we created 3 distinct test environments corresponding to the identified scenarios and led some pretests with 3 participants with cocaine SUD.

All participants tested the three environments and were then invited to participate in a semi-structured post-test interview aiming at collecting their impressions and informal evaluation. The urban scenario was considered the least plausible by the participants. It seemed too empty and artificial and the insights on how to transform this environment were divergent. The festive scenario was well received but lacked realism. Similarly, the participants suggested divergent modifications (buying the product indoors and/or outdoors, people coming and going with different behaviors, different consumption situations in the main room or in the toilets, etc.). Bringing these complex scenario alternatives to the environment seemed too complicated for our preliminary test of eliciting craving in cocaine users through VR. The apartment scenario was the most consensual and the most appreciated. During the semidirective interviews, the participants were asked what could make them crave for cocaine consumption in the presented environments. In their responses, the participants made some common remarks that led us to extract the following insights for designing our new environment:

1) Insight 1: Consumption mode: The environment should allow to chose between different consumption mode, according to the habit of each participant -smoking, snorting and injecting.

2) Insight 2: Interaction and props: The environment should allow to see all the props necessary for the preparation of the consumption and to be able to interact with it in order to prepare the future consumption. This should bring the participant even closer to a real situation and might at the same time make him/her wait before consuming, which should in turn reinforce craving.

3) Insight 3: Familiarity and atmosphere: The environment should feel familiar and comfortable, and promote a cosy atmosphere through, for example, lights and music.

4) Insight 4: People: The environment should allow social interaction, which is known to represent a strong factor in cocaine abuse [START_REF] Mckay | An examination of the cocaine relapse process[END_REF]. The participants reported that seeing other people consuming might not only trigger craving but also invite them to use or prepare cocaine and thus make them feel comfortable in the environment.

From this preliminary experience, we chose to focus on the development of an improved apartment scenario -since it appeared to be the one a majority of participants could relate to -that would implement all the 4 insights listed above. This environment is described in section IV.

IV. VIRTUAL ENVIRONMENT DESIGN

To implement the 4 insights listed in section III, we propose an environment with: (1) a scenario that can induce the craving with 3 different consumption modes, (2) the presence of interactive props that can be manipulated to deal, prepare and consume products, (3) a fully navigable generic apartment with ambient elements, and (4) animated virtual agents to simulate the social pressure.

For therapeutic purposes, the final environment should not only efficiently induce craving but also be easy to use by the therapist in the context of a CET setting. To this end, we added to the previous characteristics the following design principles:

• The craving must be induced by the situation only and not through cues unrelated to the environment, e.g. therapist insights or external stimuli; • For ecological and comparative purposes, several craving activation phases, corresponding to ecological situations of drug use, must be present; • For the sake of sense of presence and therapeutic constraints, the participant must be able to complete the experiment without a need for an external intervention.

A. Consumption Mode

We developed 4 separate versions of the apartment scenario. For experimental purpose, the first scenario present a consumption neutral environment. In this condition, any reference to consumption material or social situation is absent in order to avoid inducing any craving. Instead, the apartment is decorated with a set of picture frames hanged on the walls, presenting emotionally neutral pictures taken from the OASIS database [START_REF] Kurdi | Introducing the open affective standardized image set (OASIS)[END_REF].

The 3 other scenarios implement 3 consumption options to chose from, according to the consumption habits of the participant: smoking, snorting and injecting product. For each Fig. 1. The three environments designed for our preliminary approach: urban, festive and apartment. condition, the corresponding substance and harm reduction materials are present in the environment (see Figure 2). In these environments, the participant is provided with virtual hands that are controlled with the VR controllers.

B. Interaction and Props

The objects displayed for the drug use and harm reduction can be manipulated with semi-realistic interactions, i.e. grasped and manipulated freely, in order to provide both a greater sense of presence and a higher chance of inducing the craving, as the manipulation plays an important part in the activation of craving (regarding cigarette smoking) [START_REF] Shadel | Effect of different cue stimulus delivery channels on craving reactivity: comparing in vivo and video cues in regular cigarette smokers[END_REF].

C. Familiarity and Atmosphere

To help the participants identify the virtual environment as their own for the experiment, the rest of the apartment is voluntarily designed in a generic way, with little decoration (see Figure 3).

In order to help the participant be at ease, a music chosen at the start of the experiment is played during the entire duration of the experiment. To complement it, a video clip is also played on the TV next to where the drug use takes place.

D. People

To replicate the social interaction, the environment integrates 3 virtual agents. As presented in Figure 4, the virtual agents are designed to look like people the participants could consume with on a standard condition. Those virtual agents use cocaine with the same condition as the participant, and invite them to start the manipulation phase, in which the participant can simulate the preparation and use of cocaine (see Figure 3).

In order to make those virtual agents more realistic and provide a better immersion, they have prerecorded dialogues revolving around common discussion topics (e.g., cinema, vacations, ...) played during the manipulation of the virtual substance. They also have specific dialogues to accompany the participant during the transition to this phase. Indeed, the virtual agents announce themselves when entering the apartment, before inviting the participant to join them.

To avoid any bias concerning a possible induction of craving coming from the dialogues with the virtual agents, the dialogues do not mention directly the substance. However, they manipulate the same material as the participant, and may help them if some of the material falls, in order to increase the sense of presence in the environment.

E. Script

The experience is controlled by a script, created with the Petri-graph based scenario model #SEVEN [START_REF] Claude | Short Paper: #SEVEN, a Sensor Effector Based Scenarios Model for Driving Collaborative Virtual Environment[END_REF], defining 3 phases with a fixed timing, as illustrated in Figure 5. The participant starts in the environment with a mobile phone in his hand, displaying a message to be sent.

The first phase starts when the message is sent. During 1 minute, the participant is free to move around the apartment, waiting for the virtual agents to join him. This phase allows for the sensation of craving to grow slowly, as the participant is made aware of what follows but has to wait for it.

At the end of the first phase, the virtual agents enter in the virtual apartment and start setting up the material for the third phase. At the end of this phase, which is timed to last 2 minutes maximum, the participant is invited to join them, starting the third and final phase.

The final phase of the experience involves the manipulation of the product during 7 minutes. During this phase, the participant is invited to build and use the product repeatedly, with the objective of inducing the craving during the manipulation and releasing it during the use.

V. APARTMENT SCENARIO EVALUATION

After designing and developing the environment, we led an experimental evaluation with voluntary participants, all suffering from cocaine use disorder and seeking therapeutic help at the Ithaque facility.

A. Hypothesis

This pilot study is part of a long-term research project aiming to define and experimentally validate a VRET protocol to treat cocaine use disorders. Our objective with the present study was to validate in an early stage of our long term experiment that the designed virtual environement would indeed sollicit craving. Our main hypothesis in the present is the following : when compared to a baseline situation or a neutral VR environment exposure, exposure to the tested environment significantly increases craving, as assessed by the CCQ-Brief questionnaire.

B. Participants 1) Inclusion:

The inclusion criteria to participate in the study were the following:

• having normal -or corrected to normal -vision and hearing • to be 18 years old or older and not to be under legal protection, guardianship or curatorship • reporting having used cocaine at least once in the 30 days preceding the experiment • to be able to understand the objectives and risks of the research and to give informed, dated and signed consent • to be in the process of an active monitoring at the Ithaque facility. We wish to stress that all the people attending the association do so freely and choose to actively engage in a process of control or exit from their dependence.

• not to present a risk of suicide, a (hypo-) maniac episode or a psychotic disorder according to the criteria of the Mini International Neuropsychiatric Interview (MINI; DSM-IV; [START_REF] Lecrubier | The mini international neuropsychiatric interview (mini). a short diagnostic structured interview: reliability and validity according to the cidi[END_REF]) These criteria were checked during an inclusion interview that took place before any immersion in the developed environments (see sec. V-C) chosen to ensure that the target audience would receive proper care, respect and monitoring from well-known professionals with whom a relationship of trust is already established.

Any participant could withdraw from the study at any time by simple oral declaration or by email to one of the study organizers. He could also ask the already collected data to be returned or deleted. However, none of the included participants withdrew from the study.

This study was approved by the ethical comity from the University of Strasbourg and given the following approval ID 2021-A00242-39. All the test were performed by a trained psychologist working at the Ithaque facility and specialized in CET and addictive behaviors, hereinafter referred to as the experimenter.

2) Participants demography: 20 people, seeking therapeutic assistance at our organization, were recruited to participate in the experiment. Participants first passed the MINI (DSM-IV) questionnaire [START_REF] Lecrubier | The mini international neuropsychiatric interview (mini). a short diagnostic structured interview: reliability and validity according to the cidi[END_REF] to check for potential exclusive risks (high suicidal risk, maniac or hypo-maniac, and psychotic episode). Following this pre-inclusion phase, 10 participants (1 female and 9 male) -aged from 26 to 48 (m=32.4, sd=6,62) -were finally invited to continue the experiment. Most of the participants (7) manifested both a cocaine dependence and abuse, as assessed by the MINI (DSM-IV) [START_REF] Sheehan | The miniinternational neuropsychiatric interview (mini): the development and validation of a structured diagnostic psychiatric interview for dsm-iv and icd-10[END_REF].

Although some of the participants used cocaine through different modes, they were asked to declare their preferred mode. They were then proposed to experiment the corresponding scenario: 3 chose the snorting scenario, 5 chose the smoking scenario, and 2 chose the injecting scenario. Fig. 3. Two views of the environment. On the top image, a view of the living-room with a table, a sofa and a TV. On the bottom one, a virtual agent proposing to the participant some consumption material.

C. Protocol

The experiment took place throughout 3 sessions for each participant, each separated by a few days. After each session, the participants participated in a therapeutic follow-up with a psychologist to help them manage the craving. They were allowed to leave the facility after successfully overcoming the desire for consumption caused by exposure to the environment.

The first session (duration: 1h10mins) started with the explanation of the experimental protocol and the verification for potential risks that justified the exclusion of some participants from the experiment. During the first session, the participants were also introduced to VR with a 10 minute immersion in a tutorial environment (see Figure 6 top). At the end of the immersion, the participants were asked to fill the SSQ questionnaire (4-point Likert scale to assess cybersickness) [START_REF] Kennedy | Simulator Sickness Questionnaire: An Enhanced Method for Quantifying Simulator Sickness[END_REF] and the self-made VRESQ (Virtual Reality Environment Satisfaction Questionnaire) questionnaire (see Figure 7). This VRESQ questionnaire was created for this experiment for the purpose of estimating the perceived quality of the environments presented to the participants.

The second session (duration: 1h20mins) did not include any immersion. Instead, the participants discussed with the experimenter, and were asked to fill the CCQ-Brief (Cocaine Craving Questionnaire -French Version) questionnaire [START_REF] Karila | The Reliability and Validity of the French Version of the Cocaine Craving Questionnaire-Brief[END_REF] to assess the cocaine craving level on a baseline condition wich consisted of a 10mins visual exposure to neutral pictures displayed from a computer. Finally, the third session (duration : 1h15mins) comprised two periods of immersion. First, the participants experienced immersion in a neutral version (see Figure 6 bottom) of the apartment environment. In this neutral condition, the consumption phase was replaced by a visual task, in which participants had to unveil picture frames -containing emotionally neutral images [START_REF] Kurdi | Introducing the open affective standardized image set (OASIS)[END_REF] -in the environment and look at them. The neutral condition lasted 10mins, after which the participants were asked to fill several questionnaires: SSQ, VRESQ, PQ (Presence Questionnaire, on a 7-point Likert scale) [START_REF] Witmer | The Factor Structure of the Presence Questionnaire[END_REF] and CCQ-Brief.

After a 10mins pause, participants followed with the immersion in the cocaine environment adapted to their usual consumption modality. This second immersion lasted 10 minutes, in accordance to the scenario described in section IV. Following the immersion, the participants filled the questionnaires again (SSQ, VRESQ, PQ, CCQ-Brief). 

D. Results

According to our sampling size estimation computed with G*Power, 23 participants were required to detect a significant statistical difference of craving scores beetwen our VR neutral and cocaine conditions with a statistical power greater than 0.8 and a significance threshold alpha of 0.05. Given the From -3 to 3 (-3=Completely disagree, 0=neutral, 3=Completely agree): 1) I found the apartment and furniture convincing; I felt that the environment corresponded to an existing apartment. 2) I felt that the interactions with the environment were easy and natural. 3) I felt that the characters were credible. 4) I felt that the consumption situation was representative of a real situation, and corresponded to an experience I lived or could live. 5) I found that the the device was adapted and correctly adjusted (image and sound) to propose a good immersive experience. 6) I was easily transported by the experience, I easily projected myself as if it was a real experience. 7) (Open question) In your opinion, how could we improve the VR experience we proposed? relatively low number of participants (n=10), we decided to not perform and report here inferential statistics but only descriptive statistics and correlation values.

The results obtained from the experiment showed a good activation of the craving in the virtual cocaine environments, compared to both the baseline and the virtual neutral condition, as can be seen in Figure 8 (left). In particular, we observed in participants a strong increase of cocaine craving when exposed to the virtual cocaine condition (Cohen's d = 1.16; m=31; sd=18.15), compared to when exposed to the virtual neutral condition (m=15.8; sd=7.97). In addition, we also observed a moderate increase of cocaine craving when exposed to the virtual cocaine condition (Cohen's d = 0.63), compared to when exposed to the baseline condition (m=21.8; sd=11.25). Interestingly, cocaine craving was observed as moderately lower when exposed to the virtual neutral condition (Cohen's d = -0.62), compared to when exposed to the baseline condition.

We also noted good scores at the PQ questionnaire. Indeed, and as can be seen in Figure 8 (middle), the participants felt a strong sense of presence in both the neutral and cocaine conditions. Surprisingly, however, we found no correlation between the reported sense of presence and CCQ-Brief levels neither in the neutral condition (r(8) = -0.12, p = 0.62) nor in the Cocaine condition (r(8) = -0.01, p = 0.51). These results suggest that if our forthcoming study shows a significant increase in craving using VRE, further research should be dedicated in assessing the aspects of VR experience that are related to this observation.

Finally, the participants reported during post-test debriefs that the experience "was great" and that they could "feel like being in the room". However, some of them pointed out that the virtual agents animation was sometimes lacking realism, and that the apartment felt bleak. Despite this drawback, the ecological validity assessed by the VRESQ questionnaire was high (see Figure 8, right). We found no correlation between the reported VRESQ and CCQ-Brief levels neither in the neutral condition (r(8) = -0.27, p = 0.44) nor in the Cocaine condition (r(8) = -0.27, p = 0.44).

These first results are really encouraging. They suggest that a VRE designed to comply with an ecological substance consumption situation can provoke craving arousal with a strong effect (cf. Figure 8, Cohend's d = 1.16). The moderate difference of craving intensity between our baseline and VR neutral conditions (Cohen's d= -0.62) was surprising, considering that the same set of neutral stimuli was used in both conditions. One hypothesis to explain this phenomena could be that the use of VR, through virtual embodiment, alters the perception of one's physical body and could diminish the perception of craving-related physical sensations, thus provoking a deacrease in self-reported craving. Higher selfreports of craving intensity in our baseline condition (picturesbased exposure) could also be explained by the fact that its exposure modality, as a static procedure, may bother and frustrate the participant (as verbally self-reported), thereby exacerbating their craving levels. We will further explore this phenomenon in our follow up experients.

VI. CONCLUSION

In this paper, we presented the design of a virtual environment created to induce cocaine craving for regular users. A first phase of experiment was conducted on three environments, designed from the past experience described by people with cocaine use disorder: a urban environment, a festive environment and an apartment. The first tests with those environments showed that the activation of the craving was helped through the consumption mode, the presence of interactions and props, the familiarity of the setup and the presence of social interaction in the context of substance use.

We then designed a second environment, adapted from the apartment condition of the first experimentation phase. For this environment, we focused on the creation of a consumption situation which could remind the participants of their own experience, in order to activate more efficiently the craving. To that end, three substance consumption modes were defined (smoking, snorting, injecting), to adapt to the preference of the participants. This environment, used in an ongoing study on the therapeutic potential of VRET for cocaine use disorders, showed good results in eliciting cocaine craving. Indeed, the exposure to the in the VR environment with cocaine cues demonstrated a higher self-reported craving compared to when exposed to the same environment with neutral cues and without any consumption cues. Participants also reported a positive experience with the environment, along with a strong sense of presence during the experiment. In a forthcoming study implementing the same protocol, we will seek to further understand the influence of the ecological validity and the interactions of the different components of presence in building craving [START_REF] Simon | Alcohol craving in heavy and occasional alcohol drinkers after cue exposure in a virtual environment: The role of the sense of presence[END_REF]. To that end, future works would include more participants as a way to get a better statistical power over the performed analyses.
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 2 Fig. 2. Cocaine-related cues for the injection environment (reference objects and virtual representations). From left to right: smoking environment, injection environment, snorting environment.
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 45 Fig. 4. The three virtual agents included in the environment
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 6 Fig. 6. On top, the tutorial environment. On the bottom figure, the neutral condition At the end of each session, the participants were offered a 10 C food voucher.

Fig. 7 .

 7 Fig. 7. VRESQ questionnaire (translated in english) used to assess the ecological validity of the environment. Items 3 and 4 were only used in the cocaine condition.

Fig. 8 .

 8 Fig. 8. Left: Cocaine craving results from the CCQ-Brief questionnaire, Cohen's d(neutral,cocaine)=+1,16. Middle: Presence results from the PQ questionnaire. Right: Ecological validity results assessed by the VRESQ questionnaire.

  • Scenario: a group of people are gathered around one of the tables trying to protect themselves from the gaze of others to exchange bags of cocaine. At another table, a person is consuming on the table itself, causing discontent around it.
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