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RÉSUMÉ

L'objectif de cette thèse était de faire un état de l'art de l'utilisation de la réalité virtuelle immersive (iVR) en psychologie de la santé et d'appliquer son utilisation à l'évaluation systématique des campagnes de prévention du tabagisme. Après avoir établi l'intérêt de l'iVR comme outil de recherche, nous avons mené trois études expérimentales visant à évaluer les affiches préventives anti-tabac présentées en environnement virtuel (VE) récreant une exposition incidente à la prévention. Nous avons étudié son efficacité sur les attitudes, les envies de fumer, et sur la mémorisation des affiches. Nous avons constaté que lors d'une exposition incidente à des affiches de prévention du tabagisme, les individus étaient susceptibles d'avoir des attitudes plus positives envers le tabac lorsque la durée d'exposition augmentait (Étude 1).

Cependant, un regard plus soutenu vers les affiches entrainait des attitudes plus négatives, et l'exposition à des affiches cadrées négativement semblait conduire à des attitudes plus négatives que les autres types de cadrage (positif, neutre, Étude 2). Enfin, lorsqu'elles sont présentées avec de la publicité dans le même VE, les attitudes envers le tabac ne changent pas (Étude 3).

En ce qui concerne la mémorisation, les affiches préventives sont peu reconnues, sauf les affiches négatives (Étude 2). La mémorisation des affiches préventives est meilleure dans un environnement majoritairement publicitaire. Cette thèse met en évidence une absence d'effets des affiches préventives anti-tabac sur les attitudes et la mémorisation lors de la recréation d'une exposition incidente dans un contexte écologique en iVR. Des perspectives et recommandations sont données pour améliorer les campagnes de prévention du tabagisme et leur évaluation future.

Mots-clés: tabac; promotion de la santé; prévention universelle; évaluation; réalité virtuelle immersive; psychologie de la santé.

ABSTRACT

The objective of this dissertation was to make a state-of-art of the use of immersive virtual reality (iVR) in health prevention psychology and apply its use to systematically evaluate tobacco prevention campaigns. After establishing the value of iVR as a tool for research, we conducted three experimental studies aiming at evaluating the anti-tobacco posters presented in a realistic virtual environment (VE) recreating natural, incidental exposure to prevention content. The effects of prevention posters on attitudes and cravings toward tobacco, as well as memorization of the posters were assessed. We found that when incidentally exposed to tobacco prevention posters, participants were more likely to have positive attitudes toward tobacco when the exposure duration increased (Study 1), compared to no posters. However, a more sustained gaze toward posters led to more negative attitudes toward tobacco (Study 2), and incidental exposure to negative preventive posters seemed to lead to more negative attitudes toward tobacco than other types of framing (positive, neutral). Finally, when prevention posters were presented with advertising within the same VE, attitudes toward tobacco were no longer impacted by them (Study 3). Regarding memorization, prevention posters were in general poorly recognized (Study 1), except for negative posters (Study 2) and when presented in an advertising-dominant environment (Study 3). Altogether, this dissertation points to a limited effect of anti-tobacco preventive posters on attitudes towards tobacco and memorization when recreating an ecological context in iVR mimicking real life incidental exposure to such campaigns. Perspectives and recommendations are given to improve current tobacco prevention campaigns and their future evaluation. Keywords: tobacco; health promotion; universal prevention; evaluation; immersive virtual reality; health psychology.

ABOUT THIS DISSERTATION (Theoretical introduction)

1. Tobacco prevention and evaluation of preventive campaigns 1.1.Tobacco: definitions and prevalence Tobacco consumption kills about 8 million individuals a year, both from direct and secondhand smoking, making it one of the first causes of death worldwide and in France [START_REF] Josseran | Le tabagisme en France: quelle est la situation?[END_REF], WHO, 2022a). Tobacco is responsible for the death of half its users (WHO, 2022a) and is responsible for various health issues such as cardiovascular and respiratory diseases, as well as cancer [START_REF] Bonaldi | Estimation du nombre de décès attribuables au tabagisme, en France de 2000 à 2015[END_REF]. Even though smoking prevalence has decreased over the last decade, tobacco use is still a concern for over 20% of the population worldwide (WHO, 2022a(WHO, , 2022b)).

Smoking represents a major health issue and is the object of preventive actions from public health institutions, for both primary (e.g., health promotion on social media) and secondary (e.g., Stoptober or Mois sans tabac) prevention. Since 2007, the WHO implemented MPOWER, which are six strategies and measures aimed at reducing tobacco consumption worldwide: (i) Monitor implemented tobacco policies, (ii) Protect individuals from passive smoke, (iii) Offer cessation assistance, (iv) Warn about the health consequences of tobacco, (v) Enforce bans on marketing, and (vi) Raise taxes and prices on tobacco products (WHO, 2022).

In a review, [START_REF] Carroll | Global tobacco prevention and control in relation to a cardiovascular health promotion and disease prevention framework : A narrative review[END_REF] evaluated the efficacy of each strategy, highlighting that increasing tobacco prices is leading to the largest reduction in tobacco product use. However, this strategy does not help the population understand the health risks associated with direct consumption or passive smoke and does not give individual support to former smokers in their journey to quit smoking.

For this matter, health policies use mass media to communicate about tobacco consumption, such as videos, social media posts, and posters displayed on billboards on the street. Mass media enable communication to almost anyone through various devices, places, and in different modalities (e.g., messages on the radio or TV for illiterate individuals, billboards for individuals who do not consume digital media). However, the efficacy of the use of mass media to communicate about tobacco is found to be mixed.

The state of art of evaluation of preventive campaigns

Preventive campaign evaluation is considered difficult for two main reasons: first, evaluations are usually unstandardized, therefore leading to diverging results difficult to integrate and interpret. Second, both field and lab studies are difficult to implement and leave room for confounding variables (i.e., low ecological and/or internal validity). Various reviews and metaanalyses (e.g., [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Noar | Perceived Message Effectiveness Measures in Tobacco Education Campaigns : A Systematic Review[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF] highlighted that prevention campaigns are difficult to evaluate due to the wide variety of dissemination channels, a lack of standardization about their evaluation and of the outcomes measured to draw conclusions. In fact, there is no standardization about best practices to evaluate campaigns or about their implementation (e.g., which channel to choose, duration of exposure), which are sometimes conducted by independent stakeholders [START_REF] Carroll | Global tobacco prevention and control in relation to a cardiovascular health promotion and disease prevention framework : A narrative review[END_REF], limiting optimization of the potential of prevention campaigns. In the same fashion, [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF] highlighted the need to look for field experiments, but also screen reports, articles, and the grey literature when conducting a meta-analysis or review on the subject, allowing a greater inclusion of results to have a better overview of the state of evaluation of prevention campaigns (i.e., on both their results and implementation). Methodological flaws can also be found, such as the design (e.g., lack of prepost exposure to the campaign) or the quality (i.e., validity) of measured outcomes used to determine preventive campaigns' efficacy [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF]. Various outcomes are measured and are sometimes irrelevant to draw conclusions on whether a prevention action is effective (e.g., number of clicks on a prevention banner, [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF]. Also, the duration of exposure, intensity and the inclusion of a follow-up are not always mentioned nor measured [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF]. Therefore, some scholars concluded that even if some prevention campaigns are declared effective on their targeted outcomes, it is not always possible to draw conclusions on how and why such effects occurred [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF]. This might be explained by the fact that most campaigns do not use a theoretically-based framework for their development [START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF].

Altogether, scholars established a list of recommendations to consider when evaluating prevention campaigns. First, there is a need to create prevention campaigns that are theoretically based [START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF], so that outcomes that need to be measured to actually evaluate their effectiveness are thought of beforehand, and the method of evaluation would actually be adapted to the campaign goals [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF]. However, theoretically-based campaigns do not always affect their outcomes as intended [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF]. This can be explained by the fact that not everyone is sensitive to the same cues when it comes to prevention [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF] and not every channel used can reach the same population [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF]. Hence, prevention campaigns need to be designed differently depending on the health topic targeted [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF] and the targeted population (e.g., [START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF].

Scholars recommended using multiple channels to broadcast prevention campaigns to reach more individuals [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF] and make sure that the campaign is presented for a long time [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF], so individuals can be exposed repeatedly over time, leading to greater impact on health outcomes [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF]. On a more pragmatic side, it is complex to evaluate the effectiveness of prevention campaigns in the field because it is hard for researchers to deploy reliable measurements. For example, we cannot really know the frequency of exposure to prevention content [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF], the duration, or even if it has been consciously processed. Field experiments do not allow strict experimental designs, because individuals cannot be truly divided into an interventional or comparison group. In fact, it has been estimated that only about 40% of individuals included in studies evaluating prevention campaigns were actually exposed to their content [START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF]. However, laboratory-based experimental studies aimed at evaluating prevention campaigns present shortcomings as well. They often present only the campaign content in an impoverished environment that does not recreate real-life conditions [START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF].

Researchers might have more control over their targeted variables and potential confounders, but they miss a key variable: incidental exposure. In fact, when preventive content is embedded in real-life settings, individuals are more likely to be incidentally exposed to it as many other distractions are present in their environment (e.g., ads, signs, ongoing tasks, internal states and thoughts). Therefore, it is likely that individuals process prevention campaigns more passively or superficially [START_REF] Wakefield | Use of mass media campaigns to change health behaviour[END_REF], as opposed to a forced-exposure paradigm often used in laboratory research that directly mobilizes and captures individuals' attentional resources.

In this project, we propose the use of immersive virtual reality (iVR) as a solution to evaluate tobacco prevention campaigns. iVR can recreate ecological and controlled settings, mimicking the conditions in which individuals are exposed to prevention in the field. Therefore, this would address the above-mentioned shortcomings and enable the evaluation of exposure to prevention campaigns within a realistic setting recreating incidental exposure. iVR also allows us to clearly define experimental conditions (compared to field studies, [START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF] and track the quantity of exposure and the time spent watching the prevention content.

Immersive Virtual Reality in research

Virtual reality: definition and functioning

Virtual reality is a technology able to immerse the user into a computer-generated virtual environment (VE), with which the user can interact in real time. VR can range from nonimmersive (e.g., a VE on a computer, interacting with a mouse, such as Second Life) to immersive, referred to as iVR, where individuals wear a head-mounted display (HMD) tracking head movements and allowing individuals to look around naturally. Depending on the device, individuals can use their entire body (via handheld controllers, bodysuit) and almost all senses (sight, touch, earing, smell), enabling them to interact with the VE and with virtual agents usually via an avatar (i.e., representation of the user in the VE; [START_REF] Schultheis | The application of virtual reality technology in rehabilitation[END_REF].

VR relies on two main features to immerse the users into VEs: immersion and presence [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF][START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF][START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF][START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF], which enable individuals to act as close to real life as possible. Immersion refers to a device's ability to isolate the individual from its surrounding physical environment. It consists of all the device features helping natural behaviors to occur through a simplified use of the command within the VE (i.e., natural head movement using the HMD, grabbing objects using tracking gloves). The more immersive the device, the less input from real-life, and the more likely to feel directly involved, or immersed, in the VE.

Presence refers to the feeling of being there (in the VE); therefore, the more they feel present, the more individuals feel immersed and adopt natural behaviors within their interaction with the VE [START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF][START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF][START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF]. Presence is the individual ability to feel transported in a fictional experience, irrespective of the device used, to the same extent as transportation for movies and books, or flow when conducting and achieving a task [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF], and allows individuals to think they are living a firstperson experience.

Both immersion and presence are correlated but distinct concepts that underlie iVR users' experience. The level of immersion can help individuals project themselves into the VE, and enhance presence [START_REF] Yao | The effects of immersion in a virtual reality game: Presence and physical activity[END_REF]. Immersion can be then understood as a moderator of presence [START_REF] Schwind | Using Presence Questionnaires in Virtual Reality[END_REF]. Presence and immersion contribute to users' behaviors in VE, meaning that they underlie the feeling of realness and overall coherence of interacting with and within the VE, hence allowing users to act naturally in the iVR. Therefore, the more immersive and the more individuals felt present, the more vivid and realistic the virtual experience [START_REF] Ahn | Feeling the weight of calories: using haptic feedback as virtual exemplars to promote risk perception among young females on unhealthy snack choices[END_REF].

iVR as a tool for research in psychology

We have now established how iVR enables individuals to act naturally within an artificial setting. Experimental psychology has a long history of creating specific environments or situations (e.g., obedience to authority paradigm, [START_REF] Milgram | Behavioral Study of obedience[END_REF]; strange situation paradigm, [START_REF] Ainsworth | Individual differences in strange-situation behaviour of one-year-olds[END_REF] or recreating others (e.g., job interview in the trier social stress test, [START_REF] Allen | The Trier Social Stress test: principles and practice[END_REF] in laboratories for research. iVR can recreate these very specific, realistic, and ecological situations within a VE while ensuring a great deal of experimental control over them. So far, iVR has been mainly used in the experimental clinical psychology field (e.g., to elicit craving, Garcia-Rodriguez et al., 2013) and for intervention purposes (e.g., addiction or phobia treatment, [START_REF] Rizzo | Virtual Reality for Psychological and Neurocognitive Interventions[END_REF]. However, little research has been conducted with iVR in the health promotion and prevention field.

Use of iVR in health and prevention psychology

Health and preventive psychology address any health-related problem through the prism of three types of prevention. First, primary prevention is aimed at preventing diseases or injuries before they occur by, for example, encouraging individuals to adopt healthy habits on a regular basis (e.g., eating well, exercising) and more occasional ones (e.g., getting vaccinated for the flu). Secondary prevention is used to detect and reduce the impact of illnesses or injuries in their early stages, either to prevent it from happening again (e.g., starting a physical activity to avoid another stroke) or to limit its spread or impact (e.g., getting medically checked for cancer).

It usually refers to the early stage of diagnosis of a health issue. At last, tertiary prevention is aimed at limiting the consequences of a disease or injury on individuals' lives (e.g., rehabilitation programs). All types of prevention can be combined and applied to any health topic (i.e., smoking, obesity, heart disease, cancer).

The aim of health and preventive psychology research is to understand how and what psychological levers can be pulled to help individuals check for diseases, adopt healthy behaviors and therefore, avoid health-related issues (i.e., fundamental research). Also, it is aimed at creating and testing new interventions addressing the different types of prevention (i.e., applied or interventional research). iVR can be used both to deliver information (i.e., using sight, but in some case touch and smell as well), and also to recreate situations in which individuals can be directly exposed to health issues and their consequences (e.g., how consuming sugary beverages facilitates weight gain over time, [START_REF] Ahn | Virtual Exemplars in Health Promotion Campaigns: Heightening Perceived Risk and Involvement to Reduce Soft Drink Consumption in Young Adults[END_REF], understand the importance of checking for a disease and how to do it (e.g., learning to check for testicular disorders by themselves, [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF], and learn or practice health-related skills (e.g., learning to refuse an alcoholic drink or to buy condoms in adolescents, [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF]. It can directly make individuals experience health problems vividly, rather than just exposing them to a non-personalized, untargeted video (e.g., understanding how flu is transmitted and how vaccination prevents it via a first-person experience, [START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF].

As such, iVR has slowly been integrated as a tool for health and prevention psychology over the last decade. However, no systematic review has been conducted on its use and utility.

Chapter 1 presents a systematic scoping review designed to give insights and perspectives on the use of iVR in the field, and answer the following questions: (1) what are the uses of iVR technology in the health prevention psychology field? (i.e., an overview of goals and research questions addressed using iVR); ( 2) what do we know so far about the effects of using iVR in these fields (i.e., a summary of the results)?;

(3) what are the challenges and limitations, if any, encountered so far?

iVR as a tool to evaluate the impact of tobacco prevention campaigns

In this dissertation, we chose to focus on the evaluation of billboard preventive posters, as they constitute one of the most used channels in prevention [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF] and they can reach different populations as they are displayed in real life locations across urban centers. Billboard posters are also more likely to be processed passively by individuals [START_REF] Wakefield | Use of mass media campaigns to change health behaviour[END_REF], as they are displayed in the urban context and individuals may not be that attentive to their environment (i.e., incidental exposure).

We conducted three studies (Chapters 2 and 3) aimed at evaluating the efficacy of being incidentally exposed to tobacco prevention billboard posters in iVR. In each one of them, individuals are immersed in a VE in which they have a walk guided by the experimenter, making them cross multiple billboards. In Study 1 (Chapter 2), we compared the effects of being exposed to anti-tobacco posters (versus none). Study 2 (Chapter 2) was designed to compare the impact of different message framing, namely, determining which framing is more impactful among negative (i.e., focus on negative consequences of smoking), neutral (i.e., informational poster), and positive framing (i.e., promoting positive consequences of quitting smoking). At last, a third study (Chapter 3) compared how individuals are impacted when exposed to a ratio of tobacco prevention posters and general advertising presented in the environment (i.e., a majority of prevention posters versus a majority of advertising posters in the VE). Information regarding the design of the VE used in the studies is presented in Appendix A1.

Across all studies the main outcomes included attitudes toward tobacco and memorization of prevention messages, and craving toward tobacco. We chose these outcomes as they have been rarely evaluated in previous evaluation studies on prevention campaigns (e.g., [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF] but are relevant outcomes when trying to change behaviors (i.e., attitudes are predictive of behaviors and behavioral intentions, [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]. Memorization is important to assess as during incidental exposure, individuals are not directly asked to process posters, but these can still leave an imprint in their memory for future retrieval. Also, these variables are easy to assess and can be impacted in relatively fewer rounds of exposure in comparison with outcomes closer to behaviors (e.g., intention to quit smoking, self-efficacy about behavior change), and can be impacted by incidental exposure to targeted content (e.g., [START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF]. Additionally, both memorization and attitudes are recommended to be assessed, as they constitute priming steps to change health-related behavior [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF]. Finally, we choose to assess cravings for tobacco as well, as preventive posters are usually displaying tobacco-related cues (i.e., cigarette, smoke) and no study to our knowledge has evaluated whether exposure to such posters elicited cravings.

4.1.Why is recreating incidental exposure crucial to evaluate preventive campaigns?

Most studies (e.g., [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF] evaluating prevention campaigns used a forced exposure paradigm, in which individuals are actively processing a stimulus [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF].

However, when walking in the street, individuals are more likely to see posters in their peripheral view, or the poster might not be actively processed as the environment is saturated with information (e.g., ads, lights, signs, traffic, noise, other people). In this case, individuals are more likely to use automated or heuristic-based (i.e., biased) processes, meaning that a stimulus can be somehow processed, but no directed attention is paid to it [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF]. Hence, it is important to recreate the specific, realistic conditions in which individuals are exposed to prevention posters in real life because they may impact both attitudes and memorization differently than what is expected in a laboratory setting.

Incidental exposure has been particularly studied in the field of brand sponsorship.

During a sporting event, individuals are essentially focused on the match, creating incidental exposure comparable to what would happen when encountering prevention billboards in the street (i.e., in an environment saturated with information). In incidental exposure to a brand, studies found that individuals had more positive attitudes toward the brand [START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF] and higher recall of the brand when it was exposed longer in individuals' field of view [START_REF] Biscaia | Sponsorship effectiveness in professional sport : An examination of recall and recognition among football fans[END_REF][START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF]. Another study by [START_REF] Chung | Motivated Processing of Peripheral Advertising Information in Video Games[END_REF] found similar results about memorization when implementing advertising in a video game, to which players were incidentally exposed while playing. Both studies [START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF][START_REF] Chung | Motivated Processing of Peripheral Advertising Information in Video Games[END_REF] highlighted the need to assess attention directed to the stimuli (i.e., billboard) via, for example, eye-tracking, in order to study incidental exposure, the attention (i.e., gaze) allocated to the target content, and the effects of this on attitudes and memorization.

Altogether, studies in the brand sponsorship field seem to indicate that incidental exposure to advertising stimuli has an impact on attitudes (yet in a positive direction) and the memorization of advertising (i.e., brands are retained).

Concerning health prevention content, very few studies focused on incidental exposure.

In two separate studies, Earp andcolleagues (2011, 2013) were interested in implicit motivation to approach smoke-related cues when exposed to "no smoking" signs. Participants were exposed to images of everyday life scenes (containing "no smoking" signs for about half of the pictures) and were asked to evaluate whether the picture was taken by an amateur or a professional. Results indicate that when incidentally exposed to such signs (as no instructions were given regarding the signs), individuals tend to process their content in an automated manner, resulting in individuals activating the "smoking" concept in mind irrespective of the "no smoking" message [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF]. Anti-tobacco messages can be counterproductive if not processed as intended (i.e., fully and consciously), possibly resulting in enhanced activation of the tobacco concept in memory, which can increase its likeability (i.e., attitudes) through repeated exposure in the longer run. Altogether, this indicates that evaluating tobacco prevention campaigns when exposed incidentally and in an ecological environment is crucial to determine whether they lead to their expected outcomes (i.e., decreased attitudes toward tobacco and retention of anti-tobacco messages) and not counterproductive effects (i.e., more positive attitudes toward tobacco).

How can message framing in prevention campaigns impact attitudes and memorization?

Anti-tobacco posters can be framed differently, either positively (i.e., showing the benefits of quitting smoking), neutrally (i.e., informing about the risks of tobacco consumption), or negatively (i.e., highlighting the negative impact and risks of sustaining smoking behavior).

Health message framing has been extensively studied (although more rarely in the case of incidental exposure), with mixed results. Some studies indicate negative or loss framing to be more effective on attitudes or behavior [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Updegraff | Health Message Framing: Moderators, Mediators, and Mysteries: Health Message Framing[END_REF], while others found positive framing [START_REF] Fucito | Nicotine Dependence as a Moderator of Message Framing Effects on Smoking Cessation Outcomes[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF] or mixed results depending of the targeted population [START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF] to perform better, and finally, a metaanalysis found message framing to have no impact when the outcome is attitudes [START_REF] Gallagher | Health message framing effects on attitudes, intentions, and behavior: a meta-analytic review[END_REF].

Mixed results were also found for memorization of message content. Some studies highlighted the negatively framed messages are better memorized (e.g., [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Updegraff | Health Message Framing: Moderators, Mediators, and Mysteries: Health Message Framing[END_REF], whereas others found positive framing is better recalled than negative one (e.g., [START_REF] Masumoto | The impact of age on goal-framing for health messages: The mediating effect of interest in health and emotion regulation[END_REF], and others found no effect of framing on recall [START_REF] Mollen | Short and Sweet : The Persuasive Effects of Message Framing and Temporal Context in Antismoking Warning Labels[END_REF]. Altogether, the literature on health message framing indicates that it is not so much about framing itself, but about individuals' processing of the message depending on its relevance for themselves. For example, for smokers willing to quit smoking, negatively framed messages were more impactful than positively framed ones [START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF]. In the same fashion, Meyers-Levy and Maheswaran (2004) concluded that better recognition of health messages is associated with negative framing because individuals are more likely to use higher-level cognitive processing mechanisms to understand the message [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF]. Therefore, individuals' motivation to process the message (e.g., willingness to quit) and the effort put into processing the message may result in various outcomes depending on framing. Nevertheless, to our knowledge, none of these studies investigated the use of framing under incidental exposure (i.e., all included forced-exposure paradigms). Therefore, Study 2 (Chapter 2) was designed to see how message framing impacts attitudes and memorization toward tobacco under incidental exposure.

Research questions and hypotheses

Due to the lack of consensus about the effectiveness of preventive campaigns and of experimental evidence using incidental exposure paradigms recreating ecological situations in which individuals are exposed to preventive posters), the studies presented in Chapter 2 propose to use iVR to test whether incidental exposure to preventive posters in an ecological setting impacts attitudes toward tobacco and memorization of the posters. We chose to pose hypotheses that are coherent with prevention campaign objectives: (1) incidental exposure to preventive posters is able to negatively impact attitudes toward tobacco, and can be recollected even when the exposure is short; (2) Poster framing impacts attitudes toward tobacco and memorization of the posters, more precisely, valenced framed posters (i.e., positive and negative) are more likely to be retained and lead to more positive or negative attitudes toward tobacco, respectively, compared to neutrally framed posters.

Preventive campaigns versus advertising: who wins your attention?

Finally, this project included the evaluation of what happens when individuals are exposed to both prevention content concerning tobacco and general advertising (not tobacco-related as promoting tobacco is forbidden in France under the Evin Law) at the same time. Recent studies using eye-tracking systems [START_REF] Bansal-Travers | Attention and Recall of Point-of-sale Tobacco Marketing : A Mobile Eye-Tracking Pilot Study[END_REF][START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF] focused on what individuals (both smokers and non-smokers) looked at when exposed to tobacco promotion and health warnings. In [START_REF] Bansal-Travers | Attention and Recall of Point-of-sale Tobacco Marketing : A Mobile Eye-Tracking Pilot Study[END_REF], participants wore a portable eye-tracking system when going to a real-life store to buy either a candy bar or a candy bar and a pack of cigarettes depending on the experimental condition participants were assigned to. Behind the cashier, the wall displayed advertising for tobacco products, as well as tobacco products.

Results indicated that participants spent about 27.6% of their total watch time on that wall, hence having tobacco advertising or products in their field of view, for both smokers and nonsmokers. Results also showed that individuals from both experimental conditions were able to recall a part of the tobacco wall or its promotional offers, and almost all participants (96%) indicated noticing a cigarette brand. In [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]'s study, participants were this time in a forced-exposure paradigm, namely, they were exposed to promotional posters for IQOS cigarettes (i.e., a specific type of electronic cigarettes) containing at the same time health warning about their use. Results showed that promotional content received both more fixation counts and duration than warnings. Additionally, as promotional content was more watched, it tended to be better recalled. As the promotional part took a larger portion on the posters, it could be more easily remembered than warnings, even when watched for less time or a lesser number of times. Attention allocated to warnings (i.e., gaze) was not associated with attitudes; however, watching promotional content increased attitudes toward IQOS cigarettes (but did not increase intention to use one).

Altogether, these studies indicate that promotional content might be more attention catching and more likely to be watched for a sustained period and recalled. Health warnings instead tend to be less watched, potentially because they can be perceived as threatening, or participants have been desensitized to the warning message due to previous repeated exposure to it [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]. As warnings took up less space on the posters than the promotional content in [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]'s study, they might also be more likely to be ignored. Nevertheless, individuals have limited resources to allocate to their environment, so they might have a biased perception of what they watch, for how long, and to what extent they process them [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF].

In Chapter 3, we aimed at evaluating what happens to attitudes toward tobacco and poster memorization when exposed to an environment displaying both tobacco prevention content and general advertising. No study to our knowledge investigated the impact of billboard prevention posters when displayed in an environment containing general advertising as well, even though it represents the environment we live in on a daily basis.

CHAPTER 1 -A SCOPING REVIEW AND PERSPECTIVE ON THE USE OF IMMERSIVE VIRTUAL REALITY IN HEALTH PREVENTION PSYCHOLOGY
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RÉSUMÉ

La technologie de la réalité virtuelle immersive (iVR) a été récemment adoptée dans la recherche en psychologie de la prévention de la santé, mais aucune revue n'a encore synthétisé les résultats, les limites et les défis de ce domaine en pleine expansion. Notre objectif était de recenser la littérature existante afin de comprendre l'état actuel de la recherche sur la réalité virtuelle immersive dans la promotion de la santé. Nous avons effectué une revue systématique de la littérature en suivant les directives PRISMA-ScR. Nous avons recherché des articles empiriques allant de 2010 à aujourd'hui, dans trois bases de données (PubMed, EBSCO et PsychInfo). Sur 3972 résultats, 46 études étaient éligibles, regroupées en quatre objectifs principaux : (1) comme outil pour délivrer une intervention, soit (1a) tester de manière pilote la faisabilité de l'utilisation du matériel ou de la procédure en iVR ou (1b) utiliser l'iVR pour délivrer une intervention afin de tester son efficacité ; ou (2) comme outil pour répondre à des questions de recherche fondamentales ; ou (3) utiliser l'iVR comme outil de mesure. Bien que l'iVR présente plusieurs avantages dans le domaine (par exemple, la validité écologique), les défis et les lacunes sont discutés. L'iVR est un outil prometteur pour la recherche fondamentale et appliquée (c'est-à-dire, la prestation de l'intervention) en psychologie de la prévention de la santé. Le domaine n'en est qu'à ses débuts, d'où la nécessité de développer et de reproduire les preuves actuelles pour soutenir ses effets bénéfiques.

Mots clés : réalité virtuelle immersive, revue systématique de la littérature, psychologie de la santé, psychologie de la prévention, promotion de la santé.

ABSTRACT

Immersive virtual reality (iVR) technology has been recently adopted in health prevention psychology research, but no review has synthesized the results, limitations, and challenges of this growing field yet. Our objective was to map the existing literature to understand the current state of research on iVR in health promotion. We conducted a scoping review following PRISMA-ScR guidelines. We searched for empirical articles from 2010 to present, across three databases (PubMed, EBSCO, and PsychInfo). Of 3972 results, 46 studies were eligible, clustered into four main goals: (1) as a tool to deliver an intervention, either (1a) pilot testing the feasibility of using iVR material or procedure, or (1b) use iVR to deliver an intervention to test its efficacy; or (2) as a tool to address fundamental research questions; or (3) use iVR as an assessment tool. Although iVR presents several advantages in the field (e.g., ecological validity), challenges and shortcomings are discussed. iVR is a promising tool for both fundamental and applied research (i.e., intervention delivery) in health prevention psychology. The field is still at its very beginning, hence needing further expansion and replication of the current evidence to support its beneficial effects.

Keywords: immersive virtual reality, scoping review, health psychology, prevention psychology, health promotion.

Health promotion campaigns have evolved over the last decade [START_REF] Parks | Don't hurt my Avatar: the use and potential of digital self-representation in risk communication[END_REF] to relate more on primary/universal prevention, focusing on addressing behavior change rather than on a specific disease and/or populations. With technological innovation, research in the field of health prevention psychology has started to integrate technology-based interventions, such as virtual reality (VR). We refer to VR as a type of human-computer interface immersing users into a computer-generated virtual environment (VE) a user can interact with in a naturalistic fashion, usually via an avatar (i.e., representation of the user in the VE; [START_REF] Schultheis | The application of virtual reality technology in rehabilitation[END_REF]. The main aim of VR is to recreate a realistic, ecological context and experience while keeping some degree of experimental control over it (e.g., Ahn, et al., 2015;[START_REF] Bailey | The impact of vivid messages on reducing energy consumption related to hot water use[END_REF][START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF]. The goal of this scoping review was to establish the current state of the art of the use of immersive VR (iVR) in the field of health prevention psychology. Systematic reviews showed promising results of iVR interventions in other domains (e.g., clinical psychology, [START_REF] Rizzo | Virtual Reality for Psychological and Neurocognitive Interventions[END_REF]social psychology, McCall & Blascovitch, 2009;Yaremych & Persky, 2019). However, to our knowledge, there has been no systematic review of the use of iVR technologies for health prevention behavior change interventions.

Virtual Reality: definition and operating principles

Depending on the degree to which a user is isolated from the surrounding environment (i.e., immersiveness, [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF], VR ranges from non-immersive (i.e., using a computer screen) to fully immersive (i.e., interacting with the VE with the whole body). The former allows users to see and interact with a VE through a computer, video game console and/or display, and input devices such as keyboards, mice, and joysticks, while being aware of and in control of their physical surroundings. The latter provides a highly realistic and embodied experience by using tools connected to the human body (e.g., Head Mounted Display [HMD], gesture-sensing gloves, haptic-feedback devices) to interact with the VE while blocking inputs from the surrounding physical environment. The level of immersion in the VE provided by different forms of VR technology may vary. Nonetheless, both types of VR offer an ideal way to study complex situations in the laboratory while using highly sensitive and validated measurements (e.g., avatars' orientation tracking, and interpersonal distance in immersive VR; [START_REF] Smith | Immersive virtual environment technology to supplement environmental perception, preference and behavior research: a review with applications[END_REF]Yaremych & Persky, 2019).

The use of VR in health prevention psychology has shown key benefits, such as inducing personal relevance (i.e., especially through the use of avatars), demonstrating causal links between behavior and its consequences even when these are temporally distant (e.g., weight gain, [START_REF] Ahn | Incorporating immersive virtual environments in health promotion campaigns: A construal level theory approach[END_REF][START_REF] Ahn | Virtual Exemplars in Health Promotion Campaigns: Heightening Perceived Risk and Involvement to Reduce Soft Drink Consumption in Young Adults[END_REF]environmental behavior, Ahn et al., 2015), understanding and/or learning key concepts (e.g., caloric density, [START_REF] Ahn | Feeling the weight of calories: using haptic feedback as virtual exemplars to promote risk perception among young females on unhealthy snack choices[END_REF] and finally, translating newly acquired skills and knowledge in behaviors or attitudes in the real world (e.g., [START_REF] Ahn | Feeling the weight of calories: using haptic feedback as virtual exemplars to promote risk perception among young females on unhealthy snack choices[END_REF], which are the cornerstones of effective preventive interventions [START_REF] Parks | Don't hurt my Avatar: the use and potential of digital self-representation in risk communication[END_REF][START_REF] Bailey | The impact of vivid messages on reducing energy consumption related to hot water use[END_REF].

While non-immersive VR has been extensively used across a wide range of fields and purposes, ranging from entertainment and education to cognitive and physical rehabilitation, the adoption of iVR has been somewhat slower, due to its high economic costs and technical implementation. In the last decade, iVR has made its way into research laboratories by expanding advantages linked to non-immersive VR interventions, namely, the possibility of recreating an extremely realistic and ecological context for health prevention research or interventions, where users can enter a virtual world through the use of an HMD or CAVE (i.e., Cave Automatic Virtual Environment, namely cabins aimed at creating a projection of the virtual environment on the walls around the user). These types of iVR set-ups induce a higher level of immersion into the virtual world by blocking any sensorial input from the "real" world.

Individuals can interact and feel in a realistic way, notably because the environment directly interacts with the individuals through real-time motion tracking [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF][START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF][START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF]. iVR also uses head-motion tracking [START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF], which gives a 360° natural vision and movement that non-immersive VR cannot provide. As in iVR there is no interface between the user and the virtual world (e.g., no computer screens), the VE is then perceived "not as a media experience, but as an actual experience" (Bailenson, 2018, p. 32). All these characteristics constitute the advantages of immersive technology, which means that the degree of immersion in a VE is directly linked to the device used.

Presence as a core concept in virtual reality

Generally, the use of VR as a tool in research is based on its ability to transport individuals in a simulated environment so that they can interact with it as they would in real-life settings [START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF]. The interaction with VR technology generates the feeling of presence, which is the tendency of users to respond to virtual situations, events, and characters, as they would in real-life settings, both at the neural and behavioral levels [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF][START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF][START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF]. Broadly speaking, presence refers to the feeling of "being there" in the VE [START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF]. The feeling of presence has been shown to underlie the VR experience, giving participants a more vivid, memorable, and persuasive experience [START_REF] Ahn | Feeling the weight of calories: using haptic feedback as virtual exemplars to promote risk perception among young females on unhealthy snack choices[END_REF]. Presence is an important variable to assess when working with VR since it indicates to what extent the user feels immersed into the VE, resulting in spontaneous and natural behaviors, hence also maximizing ecological validity. Presence seems to be an evolutionary phenomenon linked to prediction processes [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF].

Individuals use interoceptive and exteroceptive information to predict future actions and interactions with their environment. Similarly, users act intuitively in VR based on predictions made about the (virtual) environment -i.e., an action can be made in the same way actions are planned and acted out in real-life environments. For example, if one wants to grab a virtual apple, one will stretch their arm toward it. Using prediction processes, the user embodies their place as an avatar in the VR environment, can interact with and act in the environment, can engage with virtual agents, and so on, as they would in real life [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF].

Feeling present can occur across the whole range of iVR technology and even in other types of mediums, such as narrative or movies (see [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF], notably because presence seems to be related to individual variables (e.g., attributing meaning to the scenario happening in VR; [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF] rather than to features related to the specific type of medium [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF][START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF], such as the level of immersion provided. The concept of immersion is often used interchangeably with presence; however, immersion is not a necessary condition to generate the feeling of presence [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF], as users can feel present also in non-immersive mediums (e.g., while watching a movie or reading a book). Yet, immersion and presence are positively correlated: the more immersive the technology, the more the user feels present, as immersion facilitates the user's spontaneous and realistic experience in the VE (e.g., [START_REF] Yao | The effects of immersion in a virtual reality game: Presence and physical activity[END_REF]. The more VR allows for natural behaviors, such as moving your own body to interact with the VE or grabbing an object and turning the head to look around, the more immersed and present the participant feels [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF], suggesting that the level of immersion offered by a specific medium may be better understood as a moderator of presence [START_REF] Schwind | Using Presence Questionnaires in Virtual Reality[END_REF].

Why use iVR in health prevention psychology?

Even though both non-immersive VR and iVR can induce the feeling of presence, the latter presents additional advantages as a tool for research and intervention in health promotion and prevention interventions [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF]. First, iVR can be combined with devices aiming at mimicking more natural movements (e.g., the use of hand-held controllers or haptic devices instead of a mouse and keyboard) up until the integration of the full body motor and haptic feedback when using a bodysuit. This freedom and wholeness of movement can help enhance learning through direct practice, visualization, and ultimately embodied cognition, i.e., cognition linked to the body [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF][START_REF] Riva | Transforming Experience: The Potential of Augmented Reality and Virtual Reality for Enhancing Personal and Clinical Change[END_REF]. iVR can then be a relevant tool to create interventions aiming at learning health-related behaviors that require skill practice (e.g., detecting testicular disorders, [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF].

Second, due to its ability to elicit embodiment, iVR is well suited to elicit and enhance perspective-taking and empathy [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF][START_REF] Hamilton-Giachritsis | Reducing risk and improving maternal perspective-taking and empathy using virtual embodiment[END_REF]. For example, embodying an obese avatar would enhance perspective-taking, leading to a greater intention to take care of individual health. Through the feeling of presence, individuals can visualize themselves in a specific situation, hence allowing a deeper sense of self-reflection [START_REF] Riva | Transforming Experience: The Potential of Augmented Reality and Virtual Reality for Enhancing Personal and Clinical Change[END_REF], potentially leading to more persistent changes in behavior.

To sum up, iVR can re-create ecological situations and environments in which users can embody an avatar and act in the virtual world as if it were real, through the feeling of presence [START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF]. During this immersive experience, users can learn new information and live experiences they could not otherwise. Altogether, these aspects suggest iVR as a relevant tool for health prevention psychology.

The current review

The goal of this study is to give a state-of-art scoping review of the use of iVR in the field of health promotion and prevention interventions. In this scoping review, we addressed three research questions: (1) what are the uses of iVR technology in the health prevention psychology field? (i.e., overview of goals and research questions addressed through the use of iVR), [START_REF]eHealth research, theory and development: a multi-disciplinary approach[END_REF] what do we know so far about the effects of using iVR in these fields (i.e., summary of the results)? and (3) what are the challenges and limitations, if any, encountered so far? Based on the findings of the scoping review, we drafted a list of recommendations and perspectives for the use of iVR in health promotion and prevention.

Methods

Design. The scoping review protocol was drafted according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis Protocols for Scoping review (PRISMA-ScR, Tricco et al., 2018), as well as guidelines by [START_REF] Tricco | PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation[END_REF].

Eligibility criteria. We included any peer-reviewed and published empirical article, written in English, that described a study conducted on human subjects deploying any kind of iVR device (e.g., HMD, CAVE), including 360-degree videos when used in an iVR device, focusing on any research question in the field of health promotion or preventive psychology, from January 2010 to April 2022. We chose to limit the search to the last 12 years in order to generate a recent state-of-the-art overview of findings. We excluded studies conducted on non-humans or focused on secondary prevention interventions, such as psychotherapeutic treatments (e.g., virtual reality exposure therapy) and medical interventions (e.g., rehabilitation), or education (e.g., skills improvement for health practitioners). We also excluded studies using the terms « Virtual reality » that described computer-based interventions involving a virtual world (e.g., Second Life), or computer-related haptic devices (e.g., Kinect, joystick) when they were associated with a non-immersive VR procedure.

Search process. We searched three databases from January 1 rst 2010 until April 5 th , 2022 (PubMed, EBSCO, and PsychInfo). For each database, we combined two sets of keywords: the first set focused on health promotion and prevention psychology, including: "health prevention", "health promotion", "health risk communication", "health communication", "preventive psychology", and "behavior change" and "attitude change"; the second set concerning VR, including "virtual reality", "immersive virtual reality", and "immersive virtual environment".

Study selection procedure. All search results were stored in Zotero, an open-source reference manager, and duplicates were first removed. Titles and abstracts were screened first, removing articles that clearly did not match eligibility criteria. Second, full texts of the remaining articles were downloaded to define final eligibility for inclusion. For each step, two reviewers conducted the screening independently and compared and discussed these discrepancies until a full consensus was reached.

Data extraction process. Data extraction was done by one reviewer, who extracted the following items from the included articles: (1) Title and authors, (2) goal(s) and (3) design of the study, (4) study sample characteristics, (5) iVR device used, (6) main results, and (7) limitations reported by the authors. A second reviewer verified that all data were correctly extracted.

Synthesis of results.

Following the data extraction, we conducted a narrative analysis and synthesis of the results. Results and implications of the data extracted from the included studies were discussed by two reviewers in relation to the three research questions of the scoping review.

Results

Study selection and characteristics of included studies

The initial search identified 3972 unique articles, which were reduced to 46 eligible articles (see the PRISMA flowchart in Figure A2). Included studies were mostly published between 2020 and 2022 (63.1%) and conducted in either the US (39.1%) or Europe (34.8%). Study samples included slightly more women (55.2% of the total sample across all studies). The mean age of participants across the studies was 29 years old (SD = 17.3). Studies mostly included participants from either the general population (23.9%) or students (21.7%), while a few focused on specific populations: adolescents (19.6%), elderly (8.7%), smokers (current and former smokers, 6.5%), people with obesity (both children or adults, 6.5%), parents (4.3%), healthcare workers (4.3%), and unvaccinated or vaccine avoidant adults (4.3%). The total sample size per study was on average 85.7 participants (SD = 89.9), with 54.4% of the studies including less than 50 participants, 26% from 50 to 150 participants, and 19.6% over 150 participants. The smallest sample included 6 participants, while the largest 378. included an active interaction with the VE by using a handheld controller(s) or the bodysuit to interact with the VE. About 48.6% of iVR exposure lasted a maximum of 10 minutes, including 21.6% of studies with under 5 min of iVR exposure. We estimated an average time of 12.8 minutes (SD = 11.1) of time spent using iVR, according to the information given in the papers.

Synthesis of study results

Extracted data across studies are summarized in the Appendix A2.

Main research goals. We identified three main goals for using iVR: (1) as a tool to deliver an intervention, with 35 articles focusing on either (1a) pilot testing or testing the feasibility of using iVR material or procedure or (1b) using iVR to deliver an actual intervention (e.g., skills learning, comparing iVR vs other intervention modalities) to test its relative efficacy; (2) as a tool to address fundamental research questions, with 6 studies aimed at recreating ecological settings to address physiological and psychological changes when exposed to certain situations (e.g., cravings elicitation); or (3) use iVR as an assessment tool, with 5 studies investigating food choices with a food buffet created in iVR.

Detailed results.

Pilot studies to ensure usability and enjoyability of iVR use Many studies were pilot or feasibility studies, conducted on various health-related topics such as increasing well-being or reducing stress through short exposure to natural scenes [START_REF] Adhyaru | Virtual reality as a tool to promote wellbeing in the workplace[END_REF][START_REF] Alyan | The Influence of Virtual Forest Walk on Physiological and Psychological Responses[END_REF][START_REF] Beverly | A tranquil virtual reality experience to reduce subjective stress among COVID-19 frontline healthcare workers[END_REF][START_REF] Brimelow | Preliminary Research : Virtual Reality in Residential Aged Care to Reduce Apathy and Improve Mood[END_REF][START_REF] Brimelow | Feasibility of Group-Based Multiple Virtual Reality Sessions to Reduce Behavioral and Psychological Symptoms in Persons Living in Residential Aged Care[END_REF], testing physical activity using iVR in elderly [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF][START_REF] Sakhare | Simultaneous Exercise and Cognitive Training in Virtual Reality Phase 2 Pilot Study : Impact on Brain Health and Cognition in Older Adults[END_REF] and children and adolescents (Faric et al., 2021;Polechonski et al., 2020), or doing prevention on various health subject (e.g., skin cancer, smoking) using interactive games (i.e., shooting cancer cell in [START_REF] Horsham | A Virtual Reality Game to Change Sun Protection Behavior and Prevent Cancer : User-Centered Design Approach[END_REF] or skill practice (i.e., learning to touch testes to detect testicular disorder, [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF], or simply deliver information with a first-person perspective (i.e., exposing adolescents to risk behavior during a party, Hadley et al., 2013). Some studies focused on delivering information through iVR (i.e., smoking quitting in Borelli et al., 2019), using iVR to distract participants from medication taste [START_REF] Niki | A Pilot Study to Develop a New Method of Assisting Children in Taking Their Medication by Using Immersive Virtual Reality[END_REF], or using iVR to deliver well-being enhancement tasks in a standardized and autonomous way [START_REF] Kim | Development and Validation of a Virtual Reality-Based Training Program for Promoting Subjective Well-Being[END_REF], where participants learned to implement wishes and thoughts to achieve while discussing with an avatar).

Results indicate that short exposure to nature in iVR [START_REF] Adhyaru | Virtual reality as a tool to promote wellbeing in the workplace[END_REF][START_REF] Alyan | The Influence of Virtual Forest Walk on Physiological and Psychological Responses[END_REF][START_REF] Beverly | A tranquil virtual reality experience to reduce subjective stress among COVID-19 frontline healthcare workers[END_REF][START_REF] Brimelow | Preliminary Research : Virtual Reality in Residential Aged Care to Reduce Apathy and Improve Mood[END_REF][START_REF] Brimelow | Feasibility of Group-Based Multiple Virtual Reality Sessions to Reduce Behavioral and Psychological Symptoms in Persons Living in Residential Aged Care[END_REF] helped participants feel less stressed on both self-reported psychological and physiological outcomes (i.e., lower heart rate in [START_REF] Adhyaru | Virtual reality as a tool to promote wellbeing in the workplace[END_REF]. The short duration of these exposures (3 to 10 minutes) and the users' full autonomy -due to the passive use of iVR (i.e., putting the HMD on), facilitated ease of use.

Concerning physical activity interventions, participants found the use of iVR was fun (e.g., Faric et al., 2021), easy to use even in elderlies (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF], and able to enhance heart rate without feeling exhausted (i.e., iVR distracted obese participants from unpleasant bodily sensations while exercising, Polechonski et al., 2020). Physical activity combined with cognitive exercise in iVR also enhanced overall executive functions abilities (Sakhare et al., 2018).

Many studies were focused on prevention and the major advantage of iVR use is its ability to involve participants directly in the preventive message, for example through gaming (i.e., [START_REF] Horsham | A Virtual Reality Game to Change Sun Protection Behavior and Prevent Cancer : User-Centered Design Approach[END_REF] or skill practice (i.e., refusing peer pressure to vape, Weser et al., 2021a). This resulted in improved knowledge on health topics (e.g., increased knowledge on smoking in [START_REF] Guo | Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students : Prospective Observational Study[END_REF] and intentions to check for diseases (e.g., [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF]. This use of iVR for prevention was found to be enjoyable and impactful by participants. It also helped to deliver information in a more traditional preventive way (i.e., showing a video of smokers talking about quitting smoking helped participants quit for some time in Borelli et al., 2019). Overall, pilot and feasibility studies, even if conducted on small samples, found iVR to be enjoyed and accepted by participants, useful and feasible, and impacting targeted outcomes (e.g., enhanced well-being, increased knowledge). These results occurred whether participants only had one-time exposure (e.g., [START_REF] Guo | Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students : Prospective Observational Study[END_REF][START_REF] Kim | Development and Validation of a Virtual Reality-Based Training Program for Promoting Subjective Well-Being[END_REF] or during sessions over a few weeks (e.g., [START_REF] Brimelow | Feasibility of Group-Based Multiple Virtual Reality Sessions to Reduce Behavioral and Psychological Symptoms in Persons Living in Residential Aged Care[END_REF], and were found to sustain at follow-up when measured (e.g., participants reduced their tobacco intake over the month following their participation, Borelli et al., 2019).

On a more pragmatic side, most participants found the iVR quite easy to use (e.g., [START_REF] Adhyaru | Virtual reality as a tool to promote wellbeing in the workplace[END_REF], or were asked to complete a short tutorial (e.g., [START_REF] Isgin-Atici | Usability Study of a Novel Tool : The Virtual Cafeteria in Nutrition Education[END_REF]. Even elderlies were able to manipulate handheld controllers (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF], but one study reported that HMD is sometimes heavy for their neck to lift (i.e., one participant dropped out because of this reason, [START_REF] Brimelow | Feasibility of Group-Based Multiple Virtual Reality Sessions to Reduce Behavioral and Psychological Symptoms in Persons Living in Residential Aged Care[END_REF]. It is worth noting that some of these studies (e.g., Faric et al., 2021;[START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF] involved the targeted population in codesigning the intervention in previous pilot studies, hence explicitly ensuring not only usability (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF] but also enhancing users' satisfaction with the intervention. Codesigning an intervention with the targeted population and conducting a first pilot study on a small sample (e.g., 12 participants in [START_REF] Sakhare | Simultaneous Exercise and Cognitive Training in Virtual Reality Phase 2 Pilot Study : Impact on Brain Health and Cognition in Older Adults[END_REF] can improve the level of satisfaction and usability of the intervention prototype, albeit ultimate user satisfaction can only be assessed once the intervention is deployed full-scale.

Relative efficacy of iVR for interventions

Interventions using iVR focused on several targets: enhancing physical activity using the HMD and a connected bike (Bird et al., 2021;[START_REF] Zeng | Acute effect of virtual reality exercise bike games on college students' physiological and psychological outcomes[END_REF][START_REF] Zeng | Acute Effects of Virtual Reality Exercise Biking on College Students' Physical Responses[END_REF] or by lifting weights [START_REF] Fang | Comparison of the usability and flow experience of an exercise promotion virtual reality programme for different age groups[END_REF], simulating a walk in nature to enhance well-being (while remaining seated, [START_REF] Browning | Can simulated nature support mental health? Comparing short, single-doses of 360-degree nature videos in virtual reality with the outdoors[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF]or walking on a treadmill, Caloguiri et al., 2018), skill learning and practice on various health topics (e.g., substance use and safe sex, Hadley et al., 2019, resisting peer pressure to drink, [START_REF] Guldager | Efficacy of the Virtual Reality Intervention VR FestLab on Alcohol Refusal Self-Efficacy : A Cluster-Randomized Controlled Trial[END_REF]. Some studies were interested in delivering preventive content [START_REF] Ma | The use of immersive stories to influence college students' attitudes and intentions related to drinking and driving[END_REF][START_REF] Namkoong | Virtual reality for public health : A study on a VR intervention to enhance occupational injury prevention[END_REF]Weser, 2021b), and some studies used iVR's ability to create standardized conditions to test theoretical frameworks (e.g., nudge and time pressure on healthy food choice, [START_REF] Blom | Under pressure : Nudging increases healthy food choice in a virtual reality supermarket, irrespective of system 1 reasoning[END_REF] while others used iVR ability to embody a specific character in order to impact health outcomes (e.g., personalized avatar gaining weight while drinking sugar-sweetened beverages, Ahn, 2015; embodying an obese avatar to impact grocery behaviors, [START_REF] Verhulst | Influence of Being Embodied in an Obese Virtual Body on Shopping Behavior and Products Perception in VR[END_REF].

The key element of most studies included in this group is that they often compared the use of iVR with other modalities to deliver an intervention. For example, delivering preventive information in iVR vs a 2D screen (e.g., [START_REF] Ma | The use of immersive stories to influence college students' attitudes and intentions related to drinking and driving[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] or without the use of specific technology (e.g., live role-playing with an instructor, [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF]reading a pamphlet, Nowak et al., 2020). Some studies also compared the different depths of immersion, such as Zeng et al's studies (2017Zeng et al's studies ( , 2021)), where a traditional stationary bike, an exergame bike (i.e.,

where biking involved playing a game on a 2D screen), and iVR bike (i.e., gaming while cycling with an HMD on) were compared. The same was done with walking in nature for Caloguiri et al. (2018).

Results indicate that for physical activity, iVR is able to create an attentional shift from exercising, meaning that individuals are usually distracted and entertained by the iVR setting, leading them to actually enjoy physical exercise, even though in most studies it did not involve greater physical involvement (e.g., no significant differences in the number of strokes across the different bikes) when compared to non-immersive physical activities (Bird et al., 2021;[START_REF] Fang | Comparison of the usability and flow experience of an exercise promotion virtual reality programme for different age groups[END_REF][START_REF] Zeng | Acute effect of virtual reality exercise bike games on college students' physiological and psychological outcomes[END_REF][START_REF] Zeng | Acute Effects of Virtual Reality Exercise Biking on College Students' Physical Responses[END_REF]. Even if both younger and older participants thought that iVR is easy to use and learn, they would not particularly pick iVR dumbbells over real dumbbells to exercise in the future [START_REF] Fang | Comparison of the usability and flow experience of an exercise promotion virtual reality programme for different age groups[END_REF].

Similarly, mixed results have been found concerning studies on well-being. As for pilot studies, walks in iVR helped individuals to lower psychological stress, but no real difference was found when comparing the use of iVR or 2D screens [START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] or real walks were more effective in mood enhancement than iVR walks in nature [START_REF] Browning | Can simulated nature support mental health? Comparing short, single-doses of 360-degree nature videos in virtual reality with the outdoors[END_REF]. At last, Caloguiri et al. (2018) found that when walking on a treadmill with an HMD showing a walk in nature, participants were prone to cybersickness (i.e., symptoms such as headaches, dizziness, nausea due to motion sickness), leading to a poor enhancement of psychological state.

Concerning health promotion interventions, mixed results were found. On one hand, iVR seems to be a great tool to induce changes in knowledge and intentions to adopt a behavior (e.g., vaccination intention, [START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF]; smoking e-cigarettes, Weser et al., 2021b) and for skill practice [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF]. On the other hand, some studies found no impact of iVR prevention interventions on targeted outcomes (e.g., no change in physical self-perception when using iVR to prevent eating disorders, [START_REF] Lemieux | Application of virtual reality in an ED primary prevention context : An exploratory study[END_REF] no increased knowledge on alcohol, [START_REF] Guldager | Efficacy of the Virtual Reality Intervention VR FestLab on Alcohol Refusal Self-Efficacy : A Cluster-Randomized Controlled Trial[END_REF], or this impact was equal to traditional ways of delivering information (e.g., no difference on perceived threat when preventive messages on tractor use safety were delivered in iVR or on 2D screen, [START_REF] Namkoong | Virtual reality for public health : A study on a VR intervention to enhance occupational injury prevention[END_REF], or even less effective (e.g., lower intention to drive while being drunk in the 2D screen condition, [START_REF] Ma | The use of immersive stories to influence college students' attitudes and intentions related to drinking and driving[END_REF].

Surprisingly, [START_REF] Ahn | Incorporating immersive virtual environments in health promotion campaigns: A construal level theory approach[END_REF] found that iVR effects were limited when measured immediately after the procedure but increased over time at one-week follow-up. This effect may be explained by a reactance effect: iVR's level of immersion could have been too much to handle the health message (i.e., too threatening concerning health risks and weight gain associated with sugar-sweetened beverage consumption) immediately after exposure, but reactance would have faded over time, leading to increased intention to limit sugar-sweetened beverages consumption at one-week follow-up. This delayed effect needs further investigation, especially because it was not observed in similar studies that compared iVR with other intervention modalities (e.g., [START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF].

A few recent studies [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] have investigated the use of iVR outside of the laboratory. In both studies, participants only needed to wear the iVR device they had at home and received an intervention either to reduce psychological distress (i.e., video of a walk in a Japanese garden, [START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] or to decrease vaccine hesitancy (i.e., video-game of a visit to a virtual general practitioner talking about the need to get vaccinated, [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF]. Portable iVR devices have become more affordable, resulting in individuals being able to use them potentially anywhere and autonomously engaged with iVR-based interventions. Furthermore, both studies resulted in an improvement on the targeted outcomes (reduction of psychological distress in [START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF], increase in vaccine intention in [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF].

Overall, iVR is impactful, to create precise and standardized experimental situations (e.g., embodying an obese or weight-gaining avatar, [START_REF] Ahn | Incorporating immersive virtual environments in health promotion campaigns: A construal level theory approach[END_REF][START_REF] Verhulst | Influence of Being Embodied in an Obese Virtual Body on Shopping Behavior and Products Perception in VR[END_REF], and is especially practical for skill practice and sometimes for physical activity. iVR-based interventions have shown a higher degree of attendance to intervention sessions (i.e., adherence) than the same intervention done without the use of iVR [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF].

However, when iVR is only used to deliver information without leveraging its specific characteristics, such as immersivity and active use of the device (i.e., interacting with the VE via a game, [START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF], it has often been found to have similar efficacy as more traditional ways to deliver information (e.g., 2D screens).

iVR to address fundamental research questions: a tool to recreate ecological settings in the lab iVR can recreate real-life situations in laboratories and has been used across different domains, such as gambling [START_REF] Detez | A Psychophysiological and Behavioural Study of Slot Machine Near-Misses Using Immersive Virtual Reality[END_REF], craving for tobacco (Ferrer-Garcia et al., 2010;Garcia-Rodriguez et al., 2013) and food [START_REF] Ferrer-Garcia | Validation of VR-based software for binge eating treatment : Preliminary data[END_REF][START_REF] Ledoux | Using virtual reality to study food cravings[END_REF], as well as for mimicking specific situations inducing certain psychological states, such as mortality salience (e.g., [START_REF] Chittaro | Mortality salience in virtual reality experiences and its effects on users' attitudes towards risk[END_REF]. In all studies, exposure to specific cues (e.g., food items, cemetery, individuals smoking) or situations (e.g., being in a pub, gambling on a slot machine) elicited both physiological (i.e., increased heart rate, arousal) and psychological (e.g., self-reported craving) changes, whether individuals were actively (i.e., interacting with the VE) or passively (i.e., watching visual content) using the iVR device, suggesting that the highly immersive characteristics of iVR are effective at eliciting an emotional response.

However, only one study compared craving eliciting in iVR versus other types of devices [START_REF] Ledoux | Using virtual reality to study food cravings[END_REF], indicating iVR is not better suited to trigger a craving response than 2D pictures. It might be possible that this null effect was due to the passive use of iVR in this specific study, as interacting with a cue in iVR has been found to enhance cravings (Garcia-Rodriguez et al., 2013).

iVR as an assessment tool

Five studies used iVR as an assessment tool in the field of nutrition by recreating a virtual buffet displaying food [START_REF] Isgin-Atici | Usability Study of a Novel Tool : The Virtual Cafeteria in Nutrition Education[END_REF][START_REF] Marcum | Modeling Dynamic Food Choice Processes to Understand Dietary Intervention Effects[END_REF][START_REF] Mcbride | Effects of providing personalized feedback of child's obesity risk on mothers' food choices using a virtual reality buffet[END_REF][START_REF] Marcum | Modeling Dynamic Food Choice Processes to Understand Dietary Intervention Effects[END_REF][START_REF] Persky | Investigating the Efficacy of Genetic, Environmental, and Multifactorial Risk Information When Communicating Obesity Risk to Parents of Young Children[END_REF], where participants' task was to collect a plate of food. Participants found the iVR food buffet easy to use, independently of whether they already used an iVR device in the past (Isgin-Atici, 2020). In this context, iVR allows researchers to study precisely how many items and types of food were selected, in which quantity, enabling to calculate the total calories contained in each plate more easily. It also helps to display to participants a standardized food buffet with diverse food items without constraints from a real food buffet (e.g., expiration date, flexibility in food types, reduced costs).

Study limitations.

The use of iVR, whether for applied or fundamental research, has shown some limitations, mainly related to the study methodology and iVR technology itself (e.g., cybersickness). First, a majority of included studies suffered from either small sample sizes (e.g., ten participants in [START_REF] Niki | A Pilot Study to Develop a New Method of Assisting Children in Taking Their Medication by Using Immersive Virtual Reality[END_REF]six in Eisapour et al., 2020) or non-representative samples (e.g., students in [START_REF] Chittaro | Mortality salience in virtual reality experiences and its effects on users' attitudes towards risk[END_REF]; healthy and active young individuals in [START_REF] Bird | Ready Exerciser One: Effects of music and virtual reality on cycle ergometer exercise[END_REF], limiting the validity and generalization of results. However, this can also be explained by the fact that some of the included papers were feasibility or pilot studies. Most of them call for replication of their results with larger and different (e.g., clinical) or more representative samples (e.g., [START_REF] Namkoong | Virtual reality for public health : A study on a VR intervention to enhance occupational injury prevention[END_REF][START_REF] Niki | A Pilot Study to Develop a New Method of Assisting Children in Taking Their Medication by Using Immersive Virtual Reality[END_REF]Weser et al., 2021aWeser et al., , 2021b)). Secondly, the quality of the experimental designs is sometimes limited (e.g., semi-experimental design with pre-post comparisons) because of a lack of a proper control condition or not conducting a rigorous randomized controlled trial (e.g., [START_REF] Beverly | A tranquil virtual reality experience to reduce subjective stress among COVID-19 frontline healthcare workers[END_REF][START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF]. Short-term follow-up or the lack of a follow-up altogether was also mentioned as a limiting factor in numerous studies (e.g., [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF][START_REF] Ma | The use of immersive stories to influence college students' attitudes and intentions related to drinking and driving[END_REF].

It is worth noting that these methodological limitations are somewhat expected due to the recent use of iVR in this field. A few studies managed to deploy a more robust experimental design (e.g., Caloguiri et al., 2017), counterbalancing experimental conditions, smoothly associating the familiarization period with iVR and the iVR exposition or task, and finally, including measurements following exposure to the VE. iVR experiments can be quite long due to the familiarization phase (e.g., making sure the participant knows how to use the HMD and hand-held controllers), as well as calibrating the HMD to each participant and making sure they do not experience cybersickness while using the device. Experimental protocols using iVR can be quite heavy for a participant who needs to go through these different phases, which can also explain why researchers use simpler experimental designs (e.g., choosing a within-subject design instead of a between-subject design to spend less time in the familiarization phase). Yet, even though these methodological choices reduce the duration and logistics of the studies, participants still need to go through quite long protocols either to include a habituation phase or a tutorial for a short exposure in iVR (e.g., practice session of the iVR buffet, followed by the intervention and then the buffet itself, [START_REF] Mcbride | Effects of providing personalized feedback of child's obesity risk on mothers' food choices using a virtual reality buffet[END_REF], or because the intervention requires a long exposure in iVR (e.g., 35 to 45 min in [START_REF] Guo | Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students : Prospective Observational Study[END_REF].

These constraints might disappear when iVR will be more accessible to the general public (i.e., individuals can now have iVR at home, [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] and individuals would already have a general idea of how to use iVR, decreasing the need for a tutorial and familiarization phase. Finally, these methodological limitations are not always a critical issue depending on the aim of the study and the phase of development of iVR-based interventions, i.e., feasibility studies are the majority and do not necessarily need a control group.

The necessity to adapt the use of iVR to experimental needs

Some studies mentioned that even though the use of iVR was relevant to their research question, the VEs or virtual scenarios were not adapted enough to their targeted outcomes (e.g., not enough diversity in food cues presented in iVR, [START_REF] Ledoux | Using virtual reality to study food cravings[END_REF]. Others argued that the VE needed to be more precise (e.g., near-misses and losses were visually too similar on virtual slot machines, [START_REF] Detez | A Psychophysiological and Behavioural Study of Slot Machine Near-Misses Using Immersive Virtual Reality[END_REF] or adapted to different populations (e.g., a preventive intervention on adolescent risk behavior, such as unprotected sex, was designed for heterosexual relations only, [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF] or culture (e.g., modeling a virtual buffet to respond to different cultural food norms, [START_REF] Marcum | Modeling Dynamic Food Choice Processes to Understand Dietary Intervention Effects[END_REF]. iVR technology is useful to provide users with a standardized, realistic, and relevant environment, but the VEs deployed need to be developed and pilot-tested upstream to make sure they are aligned with the goal and context of the study, similar to the feasibility studies that co-designed their VEs and scenarios with their targeted population using a participatory design approach (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF][START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF].

Lack of assessment of iVR's main characteristics: presence, immersion, and cybersickness

iVR effects, especially persuasive effects, come from its ability to enhance presence, which is the feeling of being there during an iVR experience. Hence, participants act closely to real-life in the VE because they are fully immersed in their interaction with it. The level of presence experienced by users can impact targeted variables in the intervention: participants who feel more present in the iVR show stronger positive effects on persuasion-related outcomes (e.g., attitudes toward vaccination and intention to get vaccinated, [START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF]; the more present the more reported cravings for tobacco in Ferrer-Garcia et al., 2010). However, presence is rarely measured as a moderator or covariate across studies despite its potential impact on outcomes. The same applies to immersion, which was not measured across studies, despite often comparing different intervention modalities of varying degree of immersion (e.g., iVR vs 2D screen). iVR is not the only technology able to generate presence as narrative, videos or nonimmersive VR can too. Not measuring immersion or presence across different modalities limits the understanding of iVR's role in driving effects on the targeted outcomes.

Finally, cybersickness was rarely measured across studies despite its potential negative effect on user experience and, in turn, targeted outcomes. Some studies, notably the ones focussing on physical activity, measured cybersickness and found that it can completely erase the positive effects of using iVR (e.g., walking on a treadmill while wearing an iVR device led to cybersickness, which diminished the positive effects of being exposed to nature compared to the other condition, Caloguiri et al., 2018). Participants who felt symptoms of cybersickness estimated that it impacted their experience (e.g., Faric et al., 2021) sometimes to the point they had to drop out from the experiment (e.g., [START_REF] Zeng | Acute Effects of Virtual Reality Exercise Biking on College Students' Physical Responses[END_REF].

Discussion

iVR technology use for health promotion and prevention research and interventions is relatively new and seems to be a promising tool. iVR allows researchers to create safe, ecologic, and standardized VEs in which it is possible to deliver and evaluate health promotion and preventive interventions (e.g., [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF], recreate situations or environments that can elicit strong emotional, physiological, behavioral, or psychological responses (e.g., mortality salience, [START_REF] Chittaro | Mortality salience in virtual reality experiences and its effects on users' attitudes towards risk[END_REF], and enable assessment of outcomes (e.g., cravings, food choices) with a multi-measure approach included in iVR technologies (e.g., psychological, physiological and behavioral measures). This scoping review identified 46 articles concerning the use of iVR technology in the field of health promotion and prevention psychology published within the past 12 years. We mapped (1) the goals and research questions addressed through the use of iVR in this field, (2) its effects in the identified areas, and (3) its main challenges or limitations.

We identified three main applications of iVR in this field: (1) as a tool to deliver an intervention, either (1a) pilot or feasibility testing iVR materials or procedure or (1b) using iVR to deliver an actual intervention (e.g., skills learning, comparing iVR vs other intervention modalities) to test its relative efficacy; (2) a tool to address fundamental research questions, and (3) as an assessment tool.

The scoping review revealed that iVR use is overall beneficial in a wide range of healthrelated domains, such as nutrition, risk behaviors, well-being, and physical activity, and its use is particularly predominant in interventional studies. iVR can be used for several purposes: attitudes change, increase knowledge and awareness on health-related topics (testicular disorders, [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF]vaccination, Mottelson et al., 2021;[START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF], and intentions to change behaviors (smoking cessation, Borelli et al., 2019). iVR is able to teach new skills and enable users to practice them (e.g., refusing peer-pressure to drink alcohol in adolescents, [START_REF] Guldager | Efficacy of the Virtual Reality Intervention VR FestLab on Alcohol Refusal Self-Efficacy : A Cluster-Randomized Controlled Trial[END_REF], and can support new ways to understand and promote physical activity (e.g., with HMD and hand-held controllers in elderly, [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF].

iVR can also improve the understanding of psychological, physiological, and behavioral mechanisms with precise measures in an ecological environment that would be harder to implement otherwise (e.g., psycho-physiological reactions to slot machines, [START_REF] Detez | A Psychophysiological and Behavioural Study of Slot Machine Near-Misses Using Immersive Virtual Reality[END_REF].

iVR technologies also present advantages for fundamental research in general, by ensuring an ecological and standardized experience that is most of the time appreciated and enjoyed by participants, which may foster theory development and falsification and increase attendance to follow-up studies [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF].

On a more pragmatic side, advances in iVR technology have made it more affordable, leading to the possibility of conducting studies outside laboratories, at participants' homes if they own an iVR device [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF] and are globally wellaccepted and considered as easy to use. Furthermore, exposure to key content in iVR does not need to be very long, as 48,6% of the eligible studies included an iVR exposure of fewer than 10 minutes. Interacting with the VE is not always necessary, as more than a third of our eligible studies used passive watching of the VE and events occurring therein by using an HMD.

However, the depth of learning might be lower, as it seems that active use is more impactful that its passive equivalent (e.g., [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]. Still, this is worth noting for lower budget studies, as it is easier and cheaper to create VEs without required user's interactions with it.

Even if a VE requires moving from place to place, participants can remain seated during the procedure and still have an impactful and immersive experience (e.g., Weser et al., 2021).

Due to the relative novelty of iVR in this field, research so far has focused mostly on feasibility or pilot studies, aiming at testing the ability of iVR to be integrated into interventions (e.g., [START_REF] Guo | Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students : Prospective Observational Study[END_REF] or more fundamental research (Garcia-Rodriguez et al., 2013).

Consequently, most studies employed semi-experimental designs without control or a comparison group and often have a short or no follow-up, limiting the validity and generalization of results. Studies also included relatively small samples and were often nonrepresentative of the general populations (e.g., students). However, as the use of iVR in the field of health promotion and prevention is still in its infancy, it appears natural to see a stronger focus on pilot or feasibility studies in the published literature.

iVR experiments take time to develop, due to the design and development costs of creating relevant VEs and scenarios to match reality and tailored to the topics addressed in the research questions. In some studies, VEs were co-designed with the targeted population via qualitative research (e.g., [START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF] or early pilot testing, and adjusted according to experts' and/or participants' feedback (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF]. Using a participatory design approach centered around the users of the iVR technology also helps create VEs and scenarios that participants enjoy using and interacting with (e.g., [START_REF] Eisapour | Participatory design and evaluation of virtual reality games to promote engagement in physical activity for people living with dementia[END_REF][START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF]. In line with more established design frameworks in the broader e-health and digital behavior change field (van Gemert-Pijnen et al. 2018;[START_REF] Yardley | The person-based approach to intervention development: application to digital health-related behavior change interventions[END_REF], we strongly recommend applying this content and technology design approach to any new iVR-based study or intervention to ensure and enhance usability and user experience, but also acceptance of the VE contents and set-up to maximize the validity of the results. We would also suggest moving towards the creation and use of modular VEs, in which a "base" of virtual backgrounds and avatars would be available for certain research domains, to which a library or database of flexible objects and features can be implemented or removed in order to enable more effective adaptability and employability of the VEs across studies and research questions. Moreover, accessibility for researchers can be augmented to enable some form of customization of more basic VE parameters (e.g., the skin color of avatars for cross-cultural studies) without the need of learning to use complex 3D design and rendering software and design and programming skills pertaining to digital design professionals.

Understanding iVR functioning and usefulness

Another key point of iVR use is the consideration and assessment of the degree of presence and immersion elicited by the VE. On one hand, it is important to verify the level of immersion of different types of VR to evaluate their degree of realism and their ability to elicit presence [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF]. On the other hand, assessing the experience of presence is essential as it drives individuals' behaviors and experiences within the iVR setting [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF].

Assessing the feeling of presence is then important to (1) determine to what extent participants are psychologically immersed in the VEs and ( 2) identify and correct potential errors in the VE that can influence the degree of presence, and in turn the impact of the iVR-based intervention or content. Furthermore, checking these potential errors in predictions can prevent cybersickness and ensure the smooth running of an experiment (e.g., Caloguiri et al., 2017).

Finally, assessing presence and immersion is essential to better understand the mechanisms of iVR and of its effects. Two studies (Ferrer-Garcia et al., 2010;[START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF] found a moderation effect of presence on their targeted outcomes (e.g., the more present, the stronger the cravings, Ferrer-Garcia et al., 2010). In other words, we cannot really conclude whether it is the mere use of iVR that drives the resulting effects, or iVR's ability to trigger feelings of presence in the VE delivered through the iVR technology. It is important to take this into account since -whereas immersion is a property of the technology, presence is a process happening in the individual experiencing and interacting with it. Therefore, it seems important to consider to what extent iVR is better in eliciting presence (and potentially, more persuasive effects on attitude and behavior changes) than cheaper (e.g., non-immersive technology or mediums) or shorter procedures (e.g., watching a video) that can also enhance presence feelings to some extent [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF]. We would therefore recommend a systematic assessment of presence (and immersion) in studies. Also, we need to test the hypothesis that iVR's ability to enhance presence may be attributed to the innovative and novelty aspect of using it while participating in a study, making it more attractive to participants than in regular settings, which is yet to be tested. It is important to consider the extent to which iVR has already been used by participants before the experiment, as it may lead to a less impactful experience in the VE (as recommended in [START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF].

Limitations of the scoping review

First, as iVR use in health promotion and prevention psychology is very recent, the literature search was focused on the past 12 years (2010-2022), resulting in only 46 eligible articles and potentially missing relevant sources of evidence. Nonetheless, given the publication span of the included articles (63.1% between 2020 and 2022) and the fact that iVR technology has become more affordable and accessible for research only in the last few years, the likelihood of having missed key studies is low. We did not search the grey literature, which may have decreased the total number of eligible articles. Reviewing the grey literature may help with another issue: the file drawer effect and publication bias. The recency of research using iVR technologies might also suggest that we should wait for replications of these early results before drawing conclusions about the impact and usefulness of iVR for health promotion and prevention research.

Other than that, it is important to highlight that many of the identified studies were pilot or feasibility studies conducted on small samples, therefore limiting strong conclusions on the efficacy of iVR-based health promotion and/or preventative interventions. Another limitation is that some studies were short reports (e.g., Lemieux et al., 2013;[START_REF] Niki | A Pilot Study to Develop a New Method of Assisting Children in Taking Their Medication by Using Immersive Virtual Reality[END_REF] where some information was missing, notably about characteristics of the sample (size and characteristics),

or about the use of iVR (duration of iVR exposure, type of iVR technology used), limiting their contribution to the overall conclusions of this systematic scoping review. Perspectives

Replication is needed. Replicating existing results to increase the amount and quality of empirical evidence supporting the use and benefit of iVR in this field is needed. For example, in the scoping review, we have seen that individuals showed an increased knowledge on healthrelated topics (e.g., [START_REF] Guo | Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students : Prospective Observational Study[END_REF][START_REF] Saab | Enhancing men's awareness of testicular disorders using a virtual reality intervention: A pre-post pilot study[END_REF] or change their behavioral intentions (e.g., [START_REF] Mottelson | A self-administered virtual reality intervention increases COVID-19 vaccination intention[END_REF][START_REF] Nowak | Using immersive virtual reality to improve the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: Considerations, effects, and lessons learned[END_REF] when exposed to an iVR intervention.

However, not all studies provided evidence to fully support these claims (e.g., [START_REF] Brimelow | Feasibility of Group-Based Multiple Virtual Reality Sessions to Reduce Behavioral and Psychological Symptoms in Persons Living in Residential Aged Care[END_REF]Weser et al., 2021), in addition to the lack of any perspective on how long these effects last, or if they are applicable to less specific populations. iVR technology is an attractive device, for researchers as for users, but its relevance needs to be further investigated. Therefore, a focus on study replication can strengthen the advancement of research in this field and at the same time prevent a replication crisis, as observed in other fields of behavioral sciences and medicine [START_REF] Klein | What can recent replication failures tell us about the theoretical commitments of psychology[END_REF].

Understanding iVR functioning. iVR use is attractive, but some research is necessary to understand how it works and its usefulness in research. This scoping review showed that sometimes iVR use is not systematically more effective on targeted outcomes than its nonimmersive equivalents [START_REF] Ma | The use of immersive stories to influence college students' attitudes and intentions related to drinking and driving[END_REF][START_REF] Namkoong | Virtual reality for public health : A study on a VR intervention to enhance occupational injury prevention[END_REF][START_REF] Riva | A Virtual Reality-Based Self-Help Intervention for Dealing with the Psychological Distress Associated with the COVID-19 Lockdown: An Effectiveness Study with a Two-Week Follow-Up[END_REF]; we supposed that to be more effective, iVR should be used for its specific immersive characteristics, such as gamification or embodiment that directly involve the user. For example, in [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF], skills practice in iVR was more effective than role-playing in real-life to learn about risk behaviors and ways to avoid them (e.g., buying condoms for safer sex) due to iVR scenarios' ability to recreate a situation that is realistic, induce emotional changes in the user as the scenario goes, and finally, make the user have a real first-person experience. Similar results appeared in Nowak et al.

(2020), who used iVR to represent a vaccination intervention to stop flu spread (i.e., participants used handheld controllers to actively send immune cells to prevent flu transmission), whereas in other conditions, participants were just passively watching it (video on 2D screen, pamphlet).

Also, it is hard to conclude about the usefulness of iVR for health promotion and prevention as key mechanisms driving the potential of iVR (i.e., presence, immersion) are not systematically assessed. It is then possible that it's not so much about the immersive ability or ability to elicit presence that iVR is useful, but rather because it can enhance understanding of health concepts when directly involving participants in the topic (e.g., showing yourself as an avatar gaining weight when consuming a sugary beverage, [START_REF] Ahn | Incorporating immersive virtual environments in health promotion campaigns: A construal level theory approach[END_REF] rather than just being exposed to a message in iVR than could have been a 2D video. Assessing presence and immersion would have given us insights on individuals' ability to project themselves into the iVR vs non-immersive intervention, and see how it correlates with the targeted outcomes.

Therefore, it is difficult to conclude about the usefulness of iVR over its non-immersive equivalent if presence and immersion are not systematically assessed.

Conclusion

iVR is a versatile tool in research. iVR can be used for different types of health topics (e.g., smoking, food behaviors) and purposes, either for interventions (e.g., prevention, skill learning)

or for fundamental research. iVR is a powerful tool as it provides an ecological and controlled environment or situations. Recent studies even showed that it is possible to carry out iVR research outside of laboratories for participants who own an HMD. For lower budget research that is aimed at using iVR, simple procedures like watching videos in an HMD are sufficient to have impactful results. Nevertheless, researchers need to make sure the VEs they use are suitable for their objectives and for the users (e.g., increase relevance and acceptability, avoid cybersickness). iVR use is relatively recent, hence replications are needed to fully understand and appreciate the extent of its use.

Set up for success. Conducting feasibility or pilot studies to test the iVR procedure and VEs is recommended. As shown in the scoping review, evaluating the enjoyability, usability, and safety of the procedure can be very helpful. Finally, co-designing the iVR-based intervention with participants from the targeted population can enhance the relevance, validity, and user experience with the intervention itself. Co-creating a procedure with participants could yet induce a bias in their judgment, making them judge the intervention more positively than it actually is. Pilot testing with different groups of participants is recommended to validate the final design.

Make it simple and clear for participants. iVR studies are attractive to participants (e.g., more attendance to intervention sessions than the non-iVR condition in [START_REF] Hadley | Moving Beyond Role-Play: Evaluating the Use of Virtual Reality to Teach Emotion Regulation for the Prevention of Adolescent Risk Behavior Within a Randomized Pilot Trial[END_REF], but they can be complex to follow all the way through (i.e., risk of cognitive overload, fatigue, [START_REF] Behr | Some Practical Considerations of Ethical Issues in VR Research[END_REF]. When designing studies using iVR, keeping them as simple and short as possible will minimize participant burden and fatigue. Also, it is highly possible that most participants have never experienced iVR before, so making sure they understand how to move and interact with the environment at first is necessary. [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF], as they can reach the population across different locations. However, evaluating their efficacy in an ecological context presents several methodological challenges, limiting the internal and external validity of results [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF]. The goal of this study was to systematically evaluate the efficacy of poster-based preventive campaigns by addressing whether exposure to anti-tobacco billboard posters impacts tobacco attitudes, cravings, and their memorization, by using immersive virtual reality (iVR) to recreate the ecological setting in which posters are usually seen.

Evaluation of prevention campaigns: why field and lab approaches are limited

Prevention campaigns are difficult to evaluate because of the diversity in content and channels to broadcast them [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF] and the lack of standardization of best practices to evaluate them [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF]. Some campaigns have been declared effective based on arbitrary standards rather than on objective assessments, as shown by a few metaanalyses and systematic reviews [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Noar | Perceived Message Effectiveness Measures in Tobacco Education Campaigns : A Systematic Review[END_REF] concluding on the low effectiveness of prevention campaigns to reach persuasive goals, notably because of the lack of rigor in their evaluation. Further, the use of theoretical background to design and evaluate prevention campaigns directly with the targeted population has been called for [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF].

On a more pragmatic side, the impact of prevention billboard posters is difficult to evaluate in the field. First, it is difficultif not impossible, to estimate the frequency of exposure [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF] and if and how individuals process their contents. More precisely, it is difficult to establish whether individuals process the contents of prevention messages in the environment reflectively, i.e., in a controlled, goal-directed fashion, or more reflexively, i.e., in a more automatic, involuntary fashion (i.e., outside of voluntary, conscious, efficient, or controlled effort; [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF]. Second, it is difficult to assess memorization and attitudes following exposure to preventive posters as they are embedded in daily life and consequently rife with confounding factors affecting content processing. Exposure to preventive posters in a realistic context is saturated with information (e.g., crowds, advertising, signs, traffic, noise, lights, ongoing tasks). Individuals may not always be attentive to their environment and may treat messages incidentally [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF]. Testing preventive posters in a controlled, impoverished lab setting may not be the most suitable and accurate way to evaluate preventive campaigns. Multiple studies have pointed to the importance of these exposure conditions as they may have negative side effects, such as enhanced likability of tobacco instead of decreasing positive attitudes (e.g., [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF][START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF].

Incidental exposure to preventive billboard posters

Incidental exposure refers to being exposed to a stimulus without directly or consciously processing it and has been specially investigated in the brand marketing field [START_REF] Biscaia | Sponsorship effectiveness in professional sport : An examination of recall and recognition among football fans[END_REF][START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF][START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF]. For example, in sports events individuals' attention is usually directly pointed toward the match, while brand sponsorship is displayed in the surroundings. Exposure to the brand is then incidental and has been found to lead to higher brand recall the longer the sponsor is visible [START_REF] Biscaia | Sponsorship effectiveness in professional sport : An examination of recall and recognition among football fans[END_REF][START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF] and to more positive attitudes toward the brand [START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF].

Similarly, we can assume that when walking in a street, individuals' attention is focused on their goals (e.g., going from A to B, running errands, meeting others) rather than directly toward billboard posters displayed in the area. As such, individuals are more likely to be exposed to preventive posters incidentally. Earp andcolleagues (2011, 2013) showed that exposure to "no smoking" signs had the opposite effect of priming individuals to smoke, heightening implicit motivation to approach smoking-related cues in smokers. When exposed incidentally to preventive messages, individuals are more likely to encode them without consciously or deeply processing them [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF]. Tobacco prevention messages would then activate the concept of smoking in memory and its evaluation (i.e., attitudes) while missing the full propositional message (i.e., "no smoking"; [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF], leading to the potential risk of counterproductive effects (i.e., increased activation of the concept of "smoking" and motivation to smoke).

How does the framing of prevention poster campaigns modulate their perception?

Health prevention campaigns usually include content-framed posters, either positively (i.e., highlighting the benefits of reducing or quitting an unhealthy behavior) or negatively (i.e., focusing on the negative effects of adopting or continuing an unhealthy behavior). However, a meta-analysis indicated that framing does not impact attitudes [START_REF] Gallagher | Health message framing effects on attitudes, intentions, and behavior: a meta-analytic review[END_REF].

A few studies have attempted to test the effect of exposure to tobacco prevention depending on its framing (e.g., Moorman [START_REF] Slater | Place illusion and plausibility can lead to realistic behaviour in immersive virtual environments[END_REF]. As an example, it is common to see iVR users fearing for their life while being in a VE displaying a plank crossing a cliff [START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF]. The more present, the more the user feels like the VE is the real world.

iVR appears as an ideal technology to help address the challenges of evaluating health promotion campaigns in an ecological setting, while enabling a high degree of experimental control. Given the role that presence and immersion may play in the experience with the VE and the effects of exposure to its contents (i.e., the more present the user feels in the VE, the more vivid the experience, and the more memorable and persuasive this can be; [START_REF] Ahn | Feeling the weight of calories: using haptic feedback as virtual exemplars to promote risk perception among young females on unhealthy snack choices[END_REF][START_REF] Bailenson | Experience on demand: What virtual reality is, how it works, and what it can do[END_REF]Cumming & Bailenson, 2015;[START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF] we also evaluated their impact on our outcomes.

The present study

Our main goal was to evaluate the efficacy of poster-based tobacco prevention campaigns in an ecological setting using iVR technology. Two studies were conducted: Study 1 compared the impact of exposure to anti-tobacco billboard posters embedded in a VE mimicking a real-life setting on attitudes, memorization, and cravings for tobacco, compared to a VE with no posters.

Study 2 evaluated the effect of prevention poster framing on the same outcomes, comparing negatively (i.e., underlying risks and negative consequences of smoking), positively (i.e., underlying benefits of quitting smoking), and neutrally framed (i.e., purely informative) messages. Variables associated with the use of iVR (i.e., presence, immersion, and cybersickness) were explored as covariates in both studies.

Study 1

We hypothesized that when exposed to tobacco prevention posters in iVR, (H1) attitudes toward tobacco would be negatively impacted and (H2) memorization would be higher in comparison to no exposure. Further, we expected that (H3) being exposed to anti-smoking posters would elicit cravings for tobacco, which were also included as predictors of attitudes and memorization.

Method

Participants. An a priori power analysis [START_REF] Faul | G* Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF] was conducted assuming a medium effect size (f 2 = .15) for a multiple linear regression (fixed model, R 2 increase with three key predictors: condition, two eye-tracking measures and their interaction), which recommended a minimum N of 108 to ensure 90% power for our design. Due to technical problems with the eye-tracking technology (n = 40 unexploitable data), more participants (25.5%) were recruited.

Participants were 157 undergraduate psychology students (mean age = 19.2, SD = 3.23, 85% women) at the University of Paris Nanterre. The majority were non-smokers (82.4%), followed by regular smokers (7.8%), occasional smokers (6.5%), and former smokers (3.3%). Within smokers, 72.7% were non-dependent to tobacco, 13.6% moderately and 13.6% lightly, as measured with the Fagerstrom Test for Nicotine Dependence (FTND; [START_REF] Heatherton | The Fagerström Test for Nicotine Dependence : A revision of the Fagerstrom Tolerance Questionnaire[END_REF].

Half of the participants declared they had used a VR device in the past (52.3%) and only 7.5%

declared having felt sick due to the use of VR when they used it. Eighty were assigned to the control condition, and 77 to the experimental condition. No baseline differences were observed between the two groups concerning age, gender, and FTND scores (all p's > .05).

Participants were recruited through Paris Nanterre University's online participant pool for psychology studies. Participants were screened for eligibility by assessing if they had any perceptive problems (e.g., vision trouble), were prone to cybersickness, or had any disorder for which the use of iVR technology is not recommended (e.g., epilepsy). The study was approved by the Ethics Review Board of the University of Paris Nanterre.

Measures and materials

iVR device and virtual environment. The experiments took place in a Sensiks® VR pod, in which participants could sit and wear an Oculus Rift 2® and use two hand-held controllers to move around the VE. The VE depicted a Parisian suburb where billboards standing on the sidewalk or wall-mounted panels were displayed. Posters were randomly 1 selected from a pool and randomly displayed in the experimental condition with an equal amount of negative, positive, and neutrally framed posters. All billboards were blank in the control condition.

Eligibility screening questionnaire. The eligibility screening included questions regarding participants' physical ability to participate and three questions on smoking status: (1) did the 1 In both conditions, 15 billboard locations were available. In the experimental condition, 10 of the 15 available billboard locations were randomly picked to display prevention posters. Among the list of 30 possible posters, 10 were randomly picked to be displayed randomly across the 10 selected billboards. The 5 remaining billboards were filled with the blank picture shown in the control condition. The randomization of posters and Billboard locations in which posters were displayed was done within participants.

participant use to be a smoker or is currently a smoker, and (2) if so, is s/he a regular or occasional smoker, and (3) for how long s/he smoked or used to smoke. For smoking participants, the FTND [START_REF] Heatherton | The Fagerström Test for Nicotine Dependence : A revision of the Fagerstrom Tolerance Questionnaire[END_REF] was further used to assess severity of nicotine dependence. Response options range from 0 to 3 depending on the item, with a total score used to define four levels of dependence severity: non-dependent (0-2), low dependent (3-4), mildly dependent (5-6), highly dependent (≥7).

Attitudes toward tobacco. Participants indicated on a 7-point differential semantic scale their attitudes based on the following adjective pairs: risky/safe, not enjoyable/enjoyable, dislike/like, and bad/good [START_REF] Stark | Understanding Public Attitudes Toward Tobacco Harm Reduction: The Role of Attitude Structure 1[END_REF]. Ratings were averaged across all pairs, with the higher the score, the more favorable the attitudes toward tobacco.

Cravings for tobacco. The French version of the 12-item Tobacco Cravings Questionnaire (TCQ, [START_REF] Berlin | Validity of the 12-item French version of the Tobacco Craving Questionnaire in treatment-seeking smokers[END_REF] was used. Items (e.g., "I would do almost anything for a cigarette now") were rated on a Likert scale from 1 (Strongly disagree) to 7 (Strongly agree).

Explicit recollection of prevention messages.

A list of 30 billboard posters 2 was presented to participants, asking whether they saw them during their walk in the VE. This list included 10 posters randomly selected from those presented in the VE and 20 distractors (i.e., posters that were not displayed in the VE). Recognition was correct when the participant indicated viewing posters that were presented in the VE and incorrect when indicating viewing posters that were not presented, or the other way around. Scores for correct recognition ranged from 1 to 10 and for incorrect recognition from 1 to 30. A total score was computed through the difference between correct minus incorrect recognition subs-cores, with the higher the score, the more individuals correctly recognized the posters (hence, a better memorization).

Eye-tracking measures. In the VE, participants' gaze was constantly monitored with the eyetracking technology in the HMD. Two scores were derived: Exposure Duration, indicating the total amount of time (in milliseconds) posters were in the field of view of the participant, independently of whether their gaze was directed at them (i.e., posters could also be in the peripheral view); and Directed Gaze, indicating to what extent participants directed their gaze toward posters (i.e., more sustained attention). The latter was computed automatically by the eye-tracking system for each participant and poster. Directed Gaze was progressively computed and added up every 0.2 seconds by calculating the percentage of the screen area a billboard took up and transforming it to a score from 0 to 20, which was added up to the current score (e.g., if a billboard occupied 10% of the screen, it was transformed to a score of 2, which was added up to the current total Directed Gaze). Consequently, the more participants had a poster in their field of view, the more it took up visual space and the higher the Directed Gaze score.

For each participant, an average was made across all posters seen in the VE. For Exposure Duration, scores for each poster were instead summed up.

Presence. Presence was assessed using the French version of the iGroup Presence Questionnaire (IPQ; Viaud-Delmon, n.d.), a short, reliable, and widely used questionnaire [START_REF] Schwind | Using Presence Questionnaires in Virtual Reality[END_REF]. The IPQ contains 14 questions rated on a scale from -3 (completely disagree) to +3 (completely agree), such as "To what extent did the virtual world seem real to you?".

Immersion. Immersion was assessed by questioning participants about VR device features [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF], complementing aspects not mentioned by the IPQ: "I was able to move into the virtual environment without thinking about how to use hand-held controllers"

and "I needed to or should have adjusted the helmet during the procedure" on a 1 (completely disagree) to 7 (completely agree) Likert scale. Immersion was assessed as a manipulation check, aiming at evaluating the validity of our iVR set-up.

Cybersickness. Cybersickness was assessed using the 9-items Virtual Reality Sickness Questionnaire (VRSQ, [START_REF] Kim | Virtual reality sickness questionnaire (VRSQ): Motion sickness measurement index in a virtual reality environment[END_REF] to ensure the VE would not cause any cybersickness and discomfort. The scale assesses to what extent participants felt symptoms such as general discomfort, blurred vision, dizziness, etc. when using the iVR on a 4-point scale (none, slight, moderate, or severe).

Procedure. Participants were recruited through the Paris Nanterre online experiment platform.

Participants first had to fill in the eligibility screening questionnaire. The sign-up required participants to complete an informed consent procedure where the experiment was described as a study aiming at studying space perception and movement within a virtual environment. This cover story was used to limit demand bias from the participants (see [START_REF] Corneille | Sixty years after Orne's American Psychologist article: A Conceptual Framework for Subjective Experiences Elicited by Demand Characteristics[END_REF], ensuring they were exposed incidentally to anti-tobacco posters during their walk in the VE. At the end of the study, participants were debriefed and informed that the study was in fact about the exposure, perception, and memorization of anti-tobacco prevention posters.

The experiment took place in the iVR pod lab, and participants were randomly assigned to either the VE including posters (experimental condition) or the VE without any tobacco prevention message (control condition). Participants started with a short tutorial in the iVR pod on how to use the device and the hand-held controllers to move into the iVR environment.

Participants were then immersed in the VE. The experimenter verified first that the participant used the controller properly and guided them through the VE. Four short instructions were given for a duration of around 5 min of exposure: walking to the bus stop, reaching the end of the main street, seeking a red-headed person (i.e., virtual agent), and walking the street from the right to left. Participants were encouraged to move around at their own pace. Upon fulfilling the instructions, participants could spend some more time in the VE if they wanted to. After the iVR exposure, they completed the post-intervention measures, starting with the presence, immersion, and cybersickness questionnaires, followed by tobacco attitudes, craving and the message recognition measures.

Data Analysis. We conducted three hierarchical linear regression models, one for each outcome (i.e., attitudes, cravings, and recognition scores), with condition and the two eye-tracking scores, and their interactions, as main predictors. Age, gender, presence, immersion, cybersickness, and FTND scores were entered as baseline covariates in all models. The analysis for the recognition score was conducted only in the experimental group, since in the control condition the recognition task was easier (i.e., no posters were present in the VE hence nothing to memorize) than for the experimental condition. We conducted a one-sample t-test for the recognition score in the experimental condition to ensure participants did not complete the task randomly. Finally, Exposure Duration scores were centered using a Z-score to reduce multicollinearity, which was not necessary for Directed Gaze as it was already a transformed score (whereas Exposure Duration was a sum of raw data).

Results

Manipulation check. Participants felt on average moderately present in the VE (M = 0.35, SD = 0.85). Immersion was higher than the midscale point (M = 4.85, SD = 1.37), especially concerning the HMD (M = 6.12, SD = 1.68) but the use of the controllers was considered less intuitive despite the use of a tutorial prior to the experiment (M = 3.24, SD = 1.93). Participants did not report cybersickness (M = 1.23, SD = 0.29). No group difference emerged on any of these variables (all p's > .05). One-sample t-test indicated that the recognition scores in the experimental group were significantly different from random responses (t(76) = -28.2, p < .001).

Hypothesis testing. Table 1 displays the results for all outcomes. The inclusion of the key predictors did not improve the models except for attitudes where they explained an additional 5% of the outcome variance (p = .065). The interaction effect between Condition and Exposure Duration positively impacted tobacco attitudes (β = 0.38, p = .02). In the experimental condition, a longer exposure to posters in the field of view was associated with more positive attitudes toward tobacco, as compared to the control condition. Cravings were also a positive predictor of attitudes (β = 0.71, p < .001), while Cybersickness negatively impacted recognition scores (β = -3.38, p = .045). 

Discussion

Study 1 showed that being in an environment where tobacco prevention posters are displayed is not sufficient per se to impact attitudes, individuals need to have them in their field of view (i.e., without specifically looking at them) for long enough for them to change attitudes.

However, this resulted in more positive attitudes toward tobacco, in line with previous studies where incidental exposure to "no smoking" signs led to an enhanced appreciation of tobacco [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF]. As multiple posters were present in the VE, repeated exposure to tobacco cues may have enhanced attitudes toward tobacco through mere exposure effect [START_REF] Zajonc | Attitudinal effects of mere exposure[END_REF]. These results should be regarded with caution as the duration of the VE exposure was short (ca. 5 minutes) and in one session, and attitudes were measured immediately after. Hence, we cannot conclude on the sustained effects of repeated exposure to preventive posters on attitudes. Second, being exposed to preventive posters does not necessarily imply they are memorized. Neither eye-tracking measure predicted poster recognition, even if participants were still exposed to posters in their fields of view at some point (i.e., neither eye tracking score was close to zero for any participant). Therefore, we may assume that individuals were possibly aware of the presence of posters in their environment but gave them little attention, which is why eye-tracking scores did not predict better memorization [START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF][START_REF] Meyers-Levy | Exploring message framing outcomes when systematic, heuristic, or both types of processing occur[END_REF]). Yet, the lack of a comparison with the control group limits any conclusion. Further, a more appropriate condition including nonprevention billboard posters (e.g., advertisements) usually found in real life is needed to rule out mere exposure effect.

Contrary to what was hypothesized, cravings for tobacco were not associated with exposure to preventive posters. This indicates that a (short and momentary) exposure to antitobacco posters does not trigger craving towards tobacco. Yet, the sample included only less than 20% smokers or former smokers and it is unknown whether these participants smoked prior to the experiment (i.e., satiation), which may play a role in decreasing craving and in the lack of an effect.

Finally, whereas presence or immersion did not impact attitudes, cravings, or memorization, cybersickness led to poorer recognition scores. The more individuals experienced cybersickness symptoms (e.g., dizziness, ocular fatigue), the less likely they were to correctly memorize and recognize posters as it can lead to cognitive overload and fatigue [START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF].

Study 2

This study explored the impact of positively framed (i.e., giving benefits about quitting smoking), negatively framed (i.e., showing negative consequences of smoking), or neutral posters (i.e., purely informative with no emotional connotation) on the same outcomes and in the same VE of Study 1. We posited that (H1) when exposed to positive or negative (i.e., valenced) anti-tobacco posters, attitudes toward tobacco would be impacted accordingly (e.g., positive posters exposure would lead to more positive attitudes) in comparison to neutral posters; (H2) participants exposed to valenced posters would retain them better than participants exposed to neutral prevention posters, and (H3) being exposed to tobacco prevention posters would elicit cravings independent of their valence. Like Study 1, cravings were included as a predictor of attitudes and presence, immersion, and cybersickness were explored as covariates.

Method

Participants. The sample size was determined like Study 1, which resulted in a recommended minimum N of 108 to ensure 90% power. Participants were recruited similarly as for Study 1, with the additional recruitment of students from other faculties. These participants were recruited via an online post on the University website.

The sample included 121 participants (n = 41 in the negatively framed posters condition, n = 40 in each of the other conditions), on average 20.1 years old (SD = 2.95), mainly women (76%). Participants were mostly non-smokers (70.2%), followed by regular smokers (17.4%), occasional smokers (7.4%), and former smokers (5%). Of smokers, the majority were nondependent to tobacco (86.7%), followed by heavily dependent (6.7%), lightly dependent (3.3%), and moderately dependent (3.3%). Most participants declared having used a VR device in the past (55.8%), but only a few (4.5%) felt sick when using it. No baseline differences were observed among the experimental groups concerning age, gender, and FTND scores (all p's > .05).

Measures and materials.

The iVR set-up and outcome measures were the same as Study 1.

Eligible participants were randomly assigned to one of the conditions and exposed to 10 posters accordingly (i.e., positively, negatively, or neutrally framed). Billboard locations were randomized within participants as in Study 1.

Procedure. Participants completed the same procedure as Study 1, with the addition of one instruction in the VE (i.e., going all the way up the main street, then coming back to the starting point in the middle of the VE) to allow them to fully complete the VE.

Data analysis. The same analyses of Study 1 were performed. Two simple contrasts for Condition were included in all models to compare the valenced conditions to the neutral one and examine their interaction with the eye-tracking measures, similar to Study 1.

Results

Manipulation checks on VR use. As in Study 1, our procedure moderately elicited presence (M = 0.31, SD = 0.72) and did not elicit cybersickness (M = 1.23, SD = 0.22). The degree of immersion was also similar to Study 1 (M = 4.74, SD = 1.09), but was lower concerning the ease to use the controllers (M = 2.86, SD = 1.64). No group difference emerged on any of these variables (all p's > .05).

Hypothesis testing. Table 2 displays the results for all outcomes. After controlling for covariates, the inclusion of the key predictors explained an additional 5% (p = .08) and 16% (p = .01) of the attitude and recognition score variance, respectively. Directed Gaze was found to negatively predict attitudes (β = -0.02 p = .02), i.e., the more individuals directly looked at the posters, the more negative the attitudes toward tobacco. A marginally significant interaction effect between the negative vs neutral condition contrast and Exposure Duration appeared (β = -0.45 p = .06), indicating that a longer presence of negatively framed posters in the field of view negatively impacts attitudes to a larger extent compared to neutrally framed posters, albeit this effect was not significant (see Figure 1). Regarding poster memorization, when posters were negatively framed participants memorized them better than purely informative ones (β = 2.07, p = .04). Also, women showed better memorization scores than men (β = 1.80, p = .01). Negatively framed anti-tobacco posters were better retained compared to purely informative posters, which was not the case for positively framed posters. Again, neither eye tracking measure predicted poster recognition, nor were shown to interact with poster framing posters. Altogether, results of Study 2 point toward a modest level of efficacy of negative posters to impact memorization and attitudes toward tobacco. Finally, as in Study 1, cravings for tobacco were not predicted by exposure to preventive posters, and neither presence, immersion, nor cybersickness impacted any outcomes.

General discussion

The main goal of this research was to evaluate the impact of incidental exposure to tobacco prevention posters on attitudes and cravings for tobacco, and recognition of the posters in an ecological setting using iVR. Study 1 tested the difference on these outcomes when exposed to preventive posters versus when no posters are present in the environment. Study 2 tested the impact of differently framed preventive posters (positive, negative, or neutral).

In both studies, the experimental condition alone was not enough to impact attitudes toward tobacco, participants either had to have the posters in the field of view for long enough (Study 1) or needed to look directly at the posters for a sustained amount of time (Study 2). In the first case, the incidental presence of tobacco prevention posters in the field of view for enough time led to more favorable attitudes toward tobacco, in line with previous findings (e.g., [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF][START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF]. The fact that the mere incidental presence of posters in the field of view impacts attitudes, as shown in Study 1, seems to suggest that incidental exposure may be associated with processing preventive posters in a more automated, passive manner [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF], which is likely to activate the concept of smoking in memory. Through repeated mere exposure [START_REF] Zajonc | Attitudinal effects of mere exposure[END_REF], individuals exposed to anti-tobacco posters may show favorable attitudes toward tobacco.

However, in Study 1 participants were exposed to a randomized combination of negative, positive, and neutrally framed posters, i.e., an inconsistent framing within the same environment, which may have played a role in activating attitudes. When systematically manipulating poster framing (Study 2), no direct univariate impact on attitudes was found.

Effects showed that directly looking at the posters (i.e., paying some degree of attention to them) was associated with more negative attitudes toward tobacco, possibly hinting that keeping a framing constant across the same campaign may be a better strategy to prompt individuals to look at posters more directly and give them more attention, leading to more negative attitudes toward tobacco. Yet, the lack of a comparison among the four conditions (i.e., mixed framed posters, only positive, negative, or neutral) prevents corroborating this hypothesis. Interestingly, in addition to the main effect of Directed Gaze, the longer negative posters were in the field of view of participants (independently of whether their gaze was pointed at them directly) the less positive attitudes, as compared to neutral posters. Taken together, these results seem to indicate that the use of negatively framed posters and having individuals directly look at them for long enough may be a solution for individuals to be consistently exposed to and process the negative consequences of smoking, more successfully impacting their attitudes towards tobacco.

In both studies, we further tested whether incidental exposure to preventive posters was associated with their recognition, and if poster framing impacted that. In Study 1, we did not find any effect of the main predictors on memorization, which seems to indicate that incidental exposure to preventive posters is not a sufficient condition to leave a significant impression in memory. This is in line with the literature indicating that incidental exposure or low involvement treatment of a stimulus can leave a trace in implicit memory, but not explicit memory (i.e., recognition, [START_REF] Herrmann | Consumer consideration of sponsor brands they do not remember : Taking a wider look at the memorisation effects of sponsorship[END_REF]. However, the lack of an appropriate active control condition displaying billboard posters without any smoking prevention content limits the validity of these conclusions. Study 2 further challenged these results, showing that when exposed consistently to negatively framed posters, participants better retained them compared to neutrally framed ones, possibly suggesting the need for consistently negatively valenced posters for them to be memorized. Again, no "pure" control condition was included, hence the incremental impact of message framing on top of poster incidental exposure remains untested and replication of these results is called for. Despite these limitations, no paper to our knowledge studied framed message recognition under incidental exposure, making our results valuable for further investigation of the relationship between billboard-based prevention message memorization and their effect on attitudes.

Cravings were not significantly impacted by exposure to preventive posters in either study, suggesting that exposure to preventive posters with tobacco cues does not elicit a craving response. However, both samples included a small proportion of smokers who may experience a craving response and for whom satiation level was not assessed, limiting definite conclusion on the role of cravings. Nonetheless, given cravings were positively associated with attitudes towards tobacco as known in the literature, they are a key element to consider when designing and evaluating posters displaying tobacco-related cues, in order to avoid counteracting effects in the population.

Presence, immersion, and cybersickness were assessed in both studies to evaluate the effect of the iVR set-up. Our protocol elicited moderated presence and immersion, and both variables did not impact any outcomes. However, in Study 1 higher cybersickness was associated with poorer memorization scores. Cybersickness refers to potential side effects following the use of iVR [START_REF] Kim | Virtual reality sickness questionnaire (VRSQ): Motion sickness measurement index in a virtual reality environment[END_REF], such as dizziness, ocular fatigue, and/or concentration difficulties. It is not surprising to find that the more reported cybersickness symptoms, the more individuals had difficulties in recognizing posters as their perception of the environment might have been impaired. As such, we recommend systematically assessing cybersickness when using iVR.

Limitations

This study presents some limitations, the first one being that we only assessed explicit attitudes and memorization, although some studies recommend measuring both implicit and explicit [START_REF] Herrmann | Consumer consideration of sponsor brands they do not remember : Taking a wider look at the memorisation effects of sponsorship[END_REF]. In the same fashion, we did not assess smoking behavior nor intentions to smoke, quit or reduce smoking. Even though these measures are used as outcomes in health prevention studies (e.g., [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF], they were not relevant for our research as our protocol deployed a too short exposure to the VE to have an impact on behavior or intentions.

In fact, we believe that repeated exposure over a longer time can significantly impact such variables [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF]. Therefore, our studies only allowed us to estimate momentary effects of exposure to smoking prevention posters, and sustained, medium-and long-term effects of repeated exposure should also be explored.

Billboard posters were sourced from existing tobacco prevention campaigns in the Parisian urban environment (i.e., billboards used in previous tobacco prevention campaigns).

Therefore, the experimental conditions in Study 2 were not as rigorously equivalent in terms of poster content compared to if we had created posters ourselves for the study. Nonetheless, the use of existing prevention posters supports the ecological validity of our design as content used in the real world was used and presented under virtually similar conditions. Similarly, billboards across conditions only displayed anti-tobacco prevention messages and no other unrelated content (e.g., ads, events, etc.) as usually found in real life. Hence, albeit our VE already reached a good level of realism never achieved before in the evaluation of health promotion campaigns, more work is needed to bring realism to a yet higher level, improving both internal and external validity of our findings.

A relevant issue in both studies is the sample composed exclusively of students, relatively young, and mostly female non-smokers, whereas smokers were for the most part very lightly dependent on nicotine. The inclusion of a larger proportion of smokers across different severity levels of nicotine dependency may lead to a difference in message processing and provide insights on how the same campaign may be perceived by different target subgroups in the general population [START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF]. We may also have more insights into the role of cravings [START_REF] Gass | The Relationship Between Craving and Tobacco Use Behavior in Laboratory Studies : A Meta-Analysis[END_REF].

Conclusions

This paper presented the first two studies using iVR to systematically evaluate tobacco prevention campaigns in an ecological setting. It gave some evidence that being incidentally exposed to and directly looking at negative posters lead to more negative attitudes toward tobacco. Hence, consistently using negatively framed messages seems a better strategy to ensure a negative impact on attitudes toward tobacco. Mixed message framing was associated with more positive attitudes toward tobacco when incidentally exposed to it, which can be counterproductive, especially through repeated exposure on the longer run [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF]. Further, incidental exposure seems too short to leave a strong impression in memory, except for consistently negatively framed posters. Replication is needed to corroborate these findings and the evaluation of prevention campaigns would need to focus on billboard size and location to see if and how these impact attention to the posters, and in turn their memorization.

Finally, our study shows how iVR can be a useful and ideal tool to systematically evaluate the design of population-based health prevention campaigns. iVR offers a highly ecologic and realistic setting to evaluate how individuals process and may be impacted by health-related content embedded in their daily environment in a more standardized fashion, enabling the design of more impactful and efficacious health promotion campaigns. 

RÉSUMÉ

Limitations of universal prevention campaigns

Even if largely used, evidence shows that prevention posters might not be as effective as intended [START_REF] Wakefield | Use of mass media campaigns to change health behaviour[END_REF]. Several meta-analyses and reviews [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF] concluded on a lack of efficacy of most prevention campaigns, notably due to unstandardized evaluation, the use of arbitrary outcomes to declare a campaign effective, and sometimes defaults in the design of the campaign itself and its evaluation. Both lab-based and field evaluation of prevention campaigns are considered unsatisfactory [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF], notably because exposure to prevention content in real life is more likely to be incidental (i.e., individuals are exposed to prevention messages without being consciously or directly aware of them, and/or without actively processing their content, e.g., [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Wakefield | Use of mass media campaigns to change health behaviour[END_REF] and lab-based evaluation methods used so far do not respect this condition of exposure (e.g., forced exposure paradigm, where individuals are directly exposed to preventive content/ stimulus as the primary task). Altogether, this points to the need for a systematic and controlled way to recreate ecological situations of exposure to prevention messages, allowing the evaluation of preventive campaigns (Bonneterre et al., 2022b, see Chapter 2).

What is incidental exposure?

Incidental exposure has been mainly explored in the brand sponsorship field [START_REF] Biscaia | Sponsorship effectiveness in professional sport : An examination of recall and recognition among football fans[END_REF][START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF][START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF], where individuals are exposed to advertising banners while looking at a sporting event. Results from these studies indicate that the more individuals spent time being incidentally exposed to brands, the more positive their attitudes toward the brand and the more they were able to recall it. Similar results were found when recreating incidental exposure to a brand while being exposed to advertising in video games, where advertising was present in the environment participants played in [START_REF] Chung | Motivated Processing of Peripheral Advertising Information in Video Games[END_REF].

Concerning tobacco prevention, a few studies have explored the effect of incidental exposure on tobacco evaluation and/or memorization. [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF] showed that individuals exposed to "no-smoking" signs tended to activate tobacco concepts in memory, leading to more approach tendencies toward tobacco. When facing tobacco prevention in an incidental manner, individuals might process the information in a superficial, biased way [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF], potentially leading to counterproductive effects (i.e., increasing the likeability of tobacco). This was found in Bonneterre et al. (2022b; see Chapter 2), where incidental exposure to preventive posters (versus blank billboards) in iVR was associated with more positive attitudes toward tobacco. Another study used eyetracking technologies to study incidental exposure to tobacco cues in real life [START_REF] Bansal-Travers | Attention and Recall of Point-of-sale Tobacco Marketing : A Mobile Eye-Tracking Pilot Study[END_REF]. While wearing a portable eye-tracking device, a sample of smokers and non-smokers were asked to buy either a candy bar or a candy bar and a pack of cigarettes at a reallife store where tobacco advertising and tobacco products were displayed behind the cashier.

For participants in the candy bar condition, where no instructions were given about tobacco, recall of either a specific part of the wall displaying information about tobacco products behind the cashier or a promotional offer for tobacco, was higher. This implies that even when incidentally exposed to tobacco promotion cues, both smokers' and non-smokers' memory was potentially impacted.

Altogether, evidence is lacking regarding the environmental features underlying effects of tobacco prevention posters on memorization and attitudes toward tobacco, while being incidentally exposed to them. Moreover, to our knowledge, no study has combined in the same environment both tobacco prevention messages and general advertising (as it can be in a realistic, daily environment) to investigate whether being exposed to both will interfere with the processing of tobacco prevention campaigns. As individuals have limited resources to allocate to their environment [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF][START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF], we tested whether this scenario results in a diminished efficacy of prevention content to reach participants' perception, in turn reducing their impact on attitudes and memorization.

iVR as a solution to systematically evaluate prevention campaigns iVR refers to a type of digital technology including a computer-generated virtual environment (VE) in which individuals are immersed and can interact with, as they would in real life. iVR usually uses sight as its main sensory channel by using a head-mounted display (HMD), but may also include other sensory feedback (e.g., smell, sounds), deepening the immersive experience and enabling an interaction with the VE the closest to real life.

The high degree of immersion and presence associated with iVR technology make it a powerful tool for research to mimic in the lab an authentic experience. It is the ideal tool to create an ecological setting in which prevention posters are displayed, including the sources of information and distractions (e.g., signs, advertising, ongoing tasks) that are present in real-life exposure to billboard preventive posters (Bonneterre et al., 2022b;see Chapter 2). No previous studies to our knowledge used iVR to evaluate the perception and processing of billboard-based prevention campaigns while the VE contained both prevention and advertising together.

Objectives and Hypotheses

We aimed to explore to what extent being exposed to prevention posters about tobacco in a virtual urban street is effective when in competition with advertising posters displayed in the same VE. We evaluated the impact of incidental exposure to prevention messages on memorization, attitudes and cravings towards tobacco. We used a 80/20 ratio for the two types of posters to expose participants to either mainly prevention or mainly advertising in order to create a clear distinction between the two experimental conditions and maximize internal validity.

We hypothesized that (H1) participants' attitudes toward tobacco would be more likely impacted (i.e., less positive) by prevention posters when those are predominant in the environment and (H2) tobacco prevention posters would be better memorized when they are displayed predominantly in the environment, compared to when ads are predominant. Tobacco cravings were also explored both as an outcome and as a potential predictor of attitudes change.

In the prevention-dominant condition, cravings toward tobacco were expected to be higher than in the advertising-dominant condition (H3). Variables associated with iVR (namely, presence, immersion, and cybersickness) were explored as covariates for each hypothesis.

Method Participants

We conducted an a priori power analysis [START_REF] Faul | G* Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF] assuming a medium effect size (f 2 = .15) for a linear multiple regression (fixed model, R 2 increase with 4 key predictors), which recommended a minimum of 108 participants to ensure 90% power.

Participants were 121 undergraduate students (mean age = 19.6, SD = 3.7) from the University of Paris Nanterre, recruited through the online research participant recruitment platform for psychology studies. To register, participants needed to complete an eligibility screening questionnaire (i.e., no epilepsy, impaired vision, or memory impairment) alongside a description of the study and the consent form to participate. The study was approved by the Ethics Review Board of the University of Paris Nanterre.

Most participants were women (n = 99, 82.5%) and non-smokers (n = 93, 77.5%).

Among smoking participants, 9.1% were regular smokers, followed by 8.3% occasional and 5% former smokers. Scores on the Fagerstrom Test for Nicotine Dependence (FTND, [START_REF] Heatherton | The Fagerström Test for Nicotine Dependence : A revision of the Fagerstrom Tolerance Questionnaire[END_REF] Eligibility screening questionnaire. Eligibility screening included questions regarding participants' physical ability to participate and three questions on smoking status: (1) did the participant used to be a smoker or is currently a smoker, and ( 2) if so, is s/he a regular or occasional smoker, and (3) for how long has s/he smoked or used to smoke. For smokers, participants completed the FTND [START_REF] Heatherton | The Fagerström Test for Nicotine Dependence : A revision of the Fagerstrom Tolerance Questionnaire[END_REF] to assess the severity of dependence on tobacco. For every item, a number of points are attributed to participants' answers (from 0 to 3 depending on the item), associated with the severity of the dependence on tobacco, and the total score was calculated to obtain four levels of dependence: non-dependent (from 0 to 2), low dependent (3 to 4), mildly dependent (5 to 6), and highly dependent (over 7).

Attitudes toward tobacco.

A semantic differential measure assessed attitudes [START_REF] Stark | Understanding Public Attitudes Toward Tobacco Harm Reduction: The Role of Attitude Structure 1[END_REF] with four adjective pairs (risky/safe, not enjoyable/enjoyable, dislike/like, and bad/good) rated

3 In both conditions, 15 billboard locations were available, and only 10 of the 15 available billboard locations were randomly picked to display posters. Among the list of 20 possible posters (10 tobacco prevention posters and 10 general advertising posters), 10 were picked randomly (depending on the experimental condition) to be displayed randomly on the 10 selected billboards. The 5 remaining billboards were filled with a blank picture. The randomization of posters and billboard locations was done for every participant.

on a 7-point scale. Ratings were averaged across all pairs, with the higher the score, the more favorable the attitudes toward tobacco.

Cravings for tobacco. The French version of the Tobacco Cravings Questionnaire (TCQ, [START_REF] Berlin | Validity of the 12-item French version of the Tobacco Craving Questionnaire in treatment-seeking smokers[END_REF] was used. This scale contains 12 items, rated on a Likert scale from 1 (Strongly disagree) to 7 (Strongly agree), with items such as "I would do almost anything for a cigarette now".

Explicit recollection of posters. We measured explicit recognition of both prevention and advertising posters in consecutive order. Participants were first exposed to a list of 30 tobacco Duration refers to the total duration (in milliseconds) participants had the posters (both preventive and advertising) in their field of view, irrespective of the direction of their gaze (i.e.,

4 Posters were existing tobacco prevention posters. 45 posters were presented to 388 participants through an online study, aimed at evaluating perceived persuasiveness and relevance to the posters. Additionally, participants had to indicate whether the posters were considered preventive (i.e., negatively framed), informative (i.e., neutrally framed or promoting tobacco cessation (i.e., positively framed). A list of 30 posters was established, 10 for each framing condition. In this study, we used all 10 posters negatively framed.

the posters could be in the peripheral view for instance). Directed Gaze was automatically computed by the eye-tracking system, which calculated the percentage of the area a billboard took up on the screen, transformed it to a score from 0 to 20, and summed it up every 0. on a scale from -3 (not at all) to +3 (completely agree), such as "Somehow I felt like the virtual world surrounded me".

Immersion. Immersion was assessed by asking two questions about the iVR device characteristics complementing the IPQ scale (cf. Bonneterre et al., 2022): "I was able to move into the virtual environment without thinking about how to use hand-held controllers" and "I needed to or should have adjusted the helmet during the procedure". The questions were answered on a 1 (not at all) to 7 (completely agree) point scale.

Cybersickness. We used the Virtual Reality Sickness Questionnaire (VRSQ, [START_REF] Kim | Virtual reality sickness questionnaire (VRSQ): Motion sickness measurement index in a virtual reality environment[END_REF] to measure cybersickness. This 9-item questionnaire asked whether participants felt symptoms of cybersickness (e.g., general discomfort, blurred vision) during the VE exposure on a 4-point scale (none, slight, moderate, or severe).

Presence, immersion, and cybersickness as measured as manipulation checks ensure the safe use of VE, as recommended in previous studies (Bonneterre et al., 2022).

Procedure

The study was described as an experiment on movement and space perception in iVR. We used this cover story to limit demand bias from participants [START_REF] Corneille | Sixty years after Orne's American Psychologist article: A Conceptual Framework for Subjective Experiences Elicited by Demand Characteristics[END_REF] and ensure that exposure to posters was incidental during the procedure. At the end of the experiment, participants were debriefed and informed about the real goals of the study.

On the experimental day, participants came to the lab and were randomly assigned to one of the two conditions. The procedure began with a short tutorial on how to use the iVR device, particularly the two hand-held controllers to move around the VE. After that, participants wore the HMD and were immersed in the VE. The experimenter started by verifying that participants could use the controllers properly and stayed near the participant to guide them in the VE. Participants were asked to do the following tasks at their own pace:

walking to the bus stop, reaching the end of the main street, seeking a red-headed person (i.e., virtual agent), walking the street crossing the VE from the right to left, then from the top of the main street to the beginning point. This took about 5 min to complete. After that, the experimenter invited the participant to move freely in the VE if they wanted to. Participants then completed all the post-intervention measures, starting with measures concerning iVR and the VE (i.e., presence, immersion, and cybersickness), then the tobacco attitudes scale, cravings questionnaire, and the poster recognition task.

Data Analysis

We conducted three linear regression models, one for each outcome (i.e., attitudes scores, memorization score for prevention posters, and cravings), with experimental condition, the relative eye-tracking scores, and their interactions with condition as predictors across all models. Age, gender, FTND scores, presence, immersion, and cybersickness were included as covariates in all models. The memorization score for advertising posters was added as an additional covariate in the model for the memorization score for prevention posters. Relative Exposure Duration scores were centered using a Z-score to reduce multicollinearity, which was not necessary for the relative Directed Gaze scores as these were already transformed scores (whereas Exposure Duration scores were based on a sum of raw data). Finally, two mixed ANOVAs were conducted on the eye-tracking measures to verify that participants saw on average more prevention posters in the Prevention condition and more ads in the Advertising condition (i.e., an interaction effect between condition and poster type). In the ANOVA, the untransformed Exposure Duration scores for the two poster types were used.

Results

Manipulation checks

Participants felt moderately present in the VE (M = 0.53, SD = 0.91). Immersion was also moderate (M = 4.81, SD = 1.29), where the use of the controllers was considered a bit unintuitive (M = 2.97, SD = 1.76) whereas the usability of the HMD was highly satisfying (M = 6.21, SD = 1.56). Participants did not report cybersickness on average (M = 1.27, SD = 0.33).

No group difference emerged on any of these variables (all p's > .05).

The ANOVA for Exposure Duration did not show any main effect of Condition 

Hypothesis testing.

Results for all outcomes are displayed in Table 1. The inclusion of the key predictors did not improve the models except for the memorization of prevention posters, which explained an additional 38% of the outcome variance (p < .001). Contrary to what was expected, participants in the Advertising condition better recognized prevention posters than participants in the Prevention condition (β = -6.15, p < .001). Additionally, Relative Directed Gaze positively predicted recognition of prevention posters (β = 0.02, p = .07), albeit this effect did not reach statistical significance. Independently of the other predictors, the more participants directly looked at prevention posters relative to ads, the better their memorization. 

Post-hoc exploratory analysis

As a post-hoc analysis, we evaluated whether participants in the Advertising condition would better recognize ads posters rather than prevention posters by running the same hierarchical regression model with the recognition score for advertising posters as the outcome (Table 2).

The inclusion of the key predictors significantly improved the model which explained an additional 49% of the outcome variance (p < .001). The longer participants had prevention posters in their field of view relative to ads (i.e., Relative Exposure Duration), the worse the recognition of advertising posters (β = -2.30, p = .01). However, despite being exposed to mostly prevention posters, participants in the Prevention condition had significantly higher recognition scores for advertising posters, compared to participants in the Advertising condition who were actually exposed to mostly ads (β = 6.63, p < .001). This effect appeared to be further Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine Dependence.

Discussion

Our aim was to evaluate how individuals perceived and memorized tobacco prevention posters when these were displayed in a VE also containing advertising, and how this impacted attitudes and cravings toward tobacco. As literature on incidental exposure and evaluation of preventive campaigns pointed out [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF], the use of tobacco prevention posters might not be as effective as intended.

First, we found that attitudes toward tobacco were not significantly different when individuals are exposed to mainly tobacco prevention or mainly advertising in their environment. This might be interpreted in two ways: (1) being incidentally exposed to billboards displaying prevention posters for 5 minutes is not a sufficient condition to impact attitudes toward tobacco, or (2) being exposed to both prevention and advertising interfere with each other, potentially saturating individuals' perception and/or processing of information [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF], leading to a lack of impact on attitudes toward tobacco. We think that both interpretations are valid and non-mutually exclusive, notably because literature on evaluation of universal prevention campaigns pointed out that preventive content is usually unseen or passively walked by [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Wakefield | Use of mass media campaigns to change health behaviour[END_REF], which results in a lack of efficacy (e.g., [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF]. Moreover, a few studies indicate that promotional content can be more attention-catching than prevention content [START_REF] Bansal-Travers | Attention and Recall of Point-of-sale Tobacco Marketing : A Mobile Eye-Tracking Pilot Study[END_REF][START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF], and when exposed incidentally to content in general, individuals might just preferentially process some information over other [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF]. Alternatively, tobacco prevention messages may be perceived as threatening [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF] and some individuals might just avoid looking at or processing them. Finally, habituation to tobacco prevention may also occur as individuals get used to being exposed to such messages, and again, they would stop looking at them and/or processing it [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF].

Second, concerning poster memorization, the experimental condition was predictive of memorization of preventive and advertising posters, but not as expected. In the VE mainly displaying tobacco prevention content, memorization scores of prevention posters were lower than when mainly advertising posters were displayed. We explored this effect also for the memorization of advertising posters and the opposite occurred in the condition including mainly ads. Further, at the net effect of the other variables, we found that the longer the prevention posters were in the participants' field of view relative to ads, the lower the memorization of ads;

and the more directed gaze (i.e., sustained attention) towards prevention posters relative to ads, the better their memorization (although this latter effect just missed the cut-off for statistical significance). Altogether, these results indicate that being incidentally exposed to billboard posters in the street may be enough for individuals to retain them. This is in line with brand sponsorship studies which found that repetitive incidental exposure to posters enhance memorization, highlighting the importance of strategically locating billboards and working on their size and layout to catch the eye [START_REF] Biscaia | Sponsorship effectiveness in professional sport : An examination of recall and recognition among football fans[END_REF][START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF]. However, the pattern of results related to the memorization of the posters seem to suggest that depending on the proportion of prevention and advertising posters in the environment, the posters presented the least (i.e., ads in the Prevention condition and prevention in the Advertising condition) were better recognized, contrary to the expectations. In an environment almost saturated with billboards displaying similar contentas is the case in real life where advertising is dominating our urban environment, a qualitatively and quantitatively different type of content is likely to stand out and be better retained in memory. Of note, prevention posters were all framed negatively, highlighting the negative consequences of smoking, and were likely perceived as very different from the general positive tone of advertising. Hence, it is unknown if it is the poster framing, the poster design, or the relative quantity proportion, or all of them, that matters in their memorization, calling for further investigation into this effect.

An alternative explanation relates to the incidental experimental set-up of our study and the assessment of poster recognition. As participants in the Advertising condition were only exposed to two preventive posters (and the other way around in the Prevention condition), it is quite logical that preventive posters can be better retained in this condition (and vice versa) as the likelihood to have a false recognition is lower. Hence, the total amount of posters displayed in the VE is an additional factor to manipulate to clarify these results. some extent as a form of advertising content in real-life (e.g., advertising in vaping stores, movie posters, as can be the case for alcohol, [START_REF] Basch | Incidental Alcohol Appearances in Advertisements on City Buses in Manhattan, New York City : A Descriptive Study[END_REF], but we chose not to include this kind of advertising in our environment as explicit smoking ads are legally forbidden.

Finally, the total exposure to the VE was about 5 minutes and outcome measures were taken immediately after. An effect on attitudes is likely to need repeated exposure to prevention messages over a longer period to eventually impact the subsequent smoking behavior [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF].

Conclusion

To our knowledge, this study is the first to use iVR to evaluate tobacco prevention posters in an ecological environment (i.e., containing both prevention and general advertising). iVR can be a great tool to systematically evaluate the effects of prevention campaigns but its characteristics (i.e., presence, immersion, cybersickness) need to be assessed as they can impact the outcomes of interest.

Altogether, this study indicates that an environment containing both prevention and general advertising messages does not impact individuals' attitudes toward tobacco as some studies have pointed out [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF] and shows a complex pattern of memorization of preventive posters relative to ads. Poster memorization does not only depend on the attention given to the posters (e.g., gaze allocated to the posters), but on the external environmental context they are embedded in. It is therefore likely that presenting a lower ratio of prevention in an environment saturated with advertising might appear salient by contrast, and therefore be better recognized than advertising posters. However, replication and further investigation are needed to corroborate this result.

The aim of this dissertation was to evaluate tobacco prevention campaigns based on billboard posters, using iVR to recreate ecological incidental exposure. We first reviewed the use of iVR and its applications in the health and prevention field, by also highlighting methodological precautions to consider when using it (Chapter 1). Then, we applied iVR to evaluate tobacco prevention campaigns in three experimental studies. More precisely, we evaluated how preventive posters are perceived and effective to impact attitudes, memorization, and cravings toward tobacco when individuals are exposed to them in an ecological and realistic VE. First, we evaluated how anti-tobacco prevention campaigns impacted individuals when posters are present in the environment versus when none are present (Study 1, Chapter 2), and whether different types of poster framing had a differential impact by comparing negative, neutral, and positively framed preventive posters (Study 2, Chapter 2). Finally, we compared how being exposed to both tobacco prevention posters and general advertising within the same environment impacted the same targeted outcomes (i.e., attitudes, cravings, and memorization;

Chapter 3). Altogether, the results of these studies gave some insights into the efficacy of using billboard posters displayed in an urban environment for tobacco prevention and what could be done to increase their efficacy.

iVR is a versatile and useful tool in health prevention research

1.1. Use of iVR in health prevention field Our systematic scoping review (Chapter 1) indicated that iVR has been used for various purposes in the health promotion and prevention field: (1) as a tool to deliver an intervention, either (1a) pilot or feasibility testing of iVR materials or procedures or (1b) using iVR to deliver an actual intervention (e.g., skills learning, comparing iVR vs other intervention modalities) to test its relative efficacy; (2) as a tool to address fundamental research questions, and (3) as an assessment tool. iVR is versatile and can be used across different health topics (e.g., smoking cessation, emotion regulation, craving induction) and as a medium to impact various health-related outcomes (e.g., attitudes, knowledge, behavior change intention). iVR is found to be easy to use and mostly impactful even when using it for short periods of time (e.g., half of the studies included in the review used iVR for less than ten minutes in their procedure) and without necessarily needing an active use (e.g., interaction within the VE).

Chapter 1 also gave us a few methodological insights to consider when using iVR, such as the systematic assessment of presence, immersion, and cybersickness as potential covariates when using iVR as a tool or for interventions. It also suggested developing VEs hand-in-hand with future users to both enhance the quality of their experience and limit the time spent in iVR to avoid cognitive overload or cybersickness and, finally, to create a tutorial to help users interact with the technology and allow them to have a more natural and intuitive approach within the VE (e.g., without thinking of how to use the controllers). All these recommendations were applied in the experimental studies.

iVR as a tool to evaluate prevention campaigns

Results from the experimental studies indicated that iVR can also be used to systematically evaluate prevention campaigns. The procedure used across our studies was able to recreate incidental exposure to preventive posters as it would be in real life, meaning that participants crossed posters in a virtual street without being instructed to look at and process them. During this procedure, we measured presence, immersion, and cybersickness both as manipulation checks and as potential covariates. Across all studies, the procedure and VE used elicited moderate presence and immersion, and very low cybersickness, indicating that the procedure was suitable for and well accepted by participants. When entered as covariates (see Table 1), we did not find any effect of presence, but cybersickness and immersion were significant predictors of poster memorization. Outcome: Cravings for tobacco -FTND: the higher the FTND score, the higher the reported cravings for tobacco -FTND: the higher the FTND score, the higher the reported cravings for tobacco -FTND: the higher the FTND score, the higher the reported cravings for tobacco

Cybersickness was found to have a beneficial impact in Study 3 on prevention posters memorization, while deleterious in Study 1. As cybersickness is usually characterized by dizziness and blurred vision, it is not surprising that it negatively impacted memorization in Study 1. However, participants reporting symptoms of cybersickness could alternatively be extra-attentive to their environment to distract themselves from cybersickness symptoms, potentially resulting in a better memorization score (Study 3). Yet, the contradicting nature of these results can only be solved by replicating both studies.

Immersion, defined as a device ability to immerse participants within a VE [START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF][START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF], was found to enhance memorization of advertising posters (but not of prevention posters) in Study 3. Although not expected, as the analysis was purely exploratory, this might be explained by the fact that the more participants reported feeling immersed, the more they are likely to live an experience within the VE [START_REF] Pianzola | Presence, flow, and narrative absorption : An interdisciplinary theoretical exploration with a new spatiotemporal integrated model based on predictive processing[END_REF], rather than thinking about the controllers and their use, and potentially being focused on this while visiting the VE. It may be that the VE felt more realistic in the Advertising condition, as individuals are usually surrounded by an advertising-dominant environment rather than prevention-dominant, which would have increased memorization. Altogether, these results support recommendations from the systematic scoping review (Chapter 1) on the necessity to take variables associated with the characteristics of iVR (presence, immersion, and cybersickness) when using it in order to verify the acceptability and safety of the procedure and assess the quality of the user experience in and with the VE.

The mixed impact of prevention campaigns on attitudes toward tobacco

We conducted three experimental studies designed to evaluate the effects of tobacco prevention posters on attitudes and cravings toward tobacco, as well as memorization. Results from the experimental studies (summarized in Table 1) indicated that being incidentally exposed to tobacco prevention posters may be a sufficient condition to impact attitudes compared to when no other posters are present in the environment, to the extent that posters are in the field of view for some time (Study 1). However, in this situation, incidental exposure led individuals to have more positive attitudes toward tobacco, contrary to what is intended from exposure to prevention. In line with prior literature [START_REF] Earp | Incidental exposure to nosmoking signs primes craving for cigarettes: an ironic effect of unconscious semantic processing[END_REF][START_REF] Earp | No sign of quitting : Incidental exposure to "no smoking" signs ironically boosts cigarette-approach tendencies in smokers[END_REF][START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF][START_REF] Zerhouni | How alcohol advertising and sponsorship works : Effects through indirect measures[END_REF], it might occur that incidental exposure, especially if repeated, would lead to enhanced activation of the tobacco concept in memory, hence increasing its likability (i.e., more positive attitudes, [START_REF] Zajonc | Attitudinal effects of mere exposure[END_REF]. Future studies should further test this hypothesis and if this effect lasts in the longer run, as our studies were designed with a short exposure (about 5 min in the VE) and attitudes were assessed immediately after. It is also important to mention that this effect was found in comparison with a no-poster control condition, and preventive posters presented in the experimental condition VE had an inconsistent framing (mix of positive, neutral, and negative framing). Based on Study 1, we can deduce that exposure to preventive posters has an impact on attitudes, but replication is needed to verify the actual increase in positive attitudes (e.g., adopting a pre-post measure of attitudes toward tobacco).

As a following step, when controlling for poster framing (i.e., participants were either in an environment composed of only negatively, neutrally, or positively framed posters, Study

2), we found that exposure to anti-tobacco posters led to more negative attitudes toward tobacco when watched more directly and for a sustained amount of time, independently of their framing.

This indicates that posters need to capture more sustained attention to impact attitudes toward tobacco negatively. This is in line with a meta-analytic review about content framing that found that when considering framing alone, there is no significant effect on attitudes and behavioral intention [START_REF] Gallagher | Health message framing effects on attitudes, intentions, and behavior: a meta-analytic review[END_REF].

Also, even if only marginally significant, we found that the more negative posters are in the field of view, the more negative the attitudes toward tobacco in comparison with exposure to neutrally framed prevention posters. Replication is needed to draw conclusions on this result, as literature about framing found mixed results concerning the effect of framing in health prevention (some found that loss-framed is more efficient, [START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF]; whereas some found that neither positive nor negative framings are more efficient, Gallagher & Updegraff).

Literature also indicates that framing is effective when considering individual covariates, such as individuals' involvement to process the message. More specifically, negatively-framed message was found to be more effective for individuals who process messages more deeply and gain-framed messages are more suited to persuade individuals that are less involved in message processing [START_REF] Fucito | Nicotine Dependence as a Moderator of Message Framing Effects on Smoking Cessation Outcomes[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF][START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF][START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF]. A meta-analysis highlighted that the effect of framing is dependent on conscious and intentional cognitive processes [START_REF] Updegraff | Health Message Framing: Moderators, Mediators, and Mysteries: Health Message Framing[END_REF], which are less likely to be involved in the case of incidental exposure. In fact, most studies about framing focused on behavior or behavioral intention (instead of attitudes) and used a forced-exposure paradigm to present prevention content (e.g., actively instructing participants to read posters or text or watch prevention videos). But, to our knowledge, our study is the first to test the impact of prevention content framing under incidental exposure. Therefore, based on the result of Study 2 we can infer that when encountered incidentally in the environment, negatively framed posters may be actually able to impact attitudes toward tobacco negatively even when presented for a short amount of time, and without giving too much attention or actively processing them [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF].

A possible theoretical explanation for the effect of content framing in a situation of incidental exposure relies on evaluative conditioning [START_REF] Moran | Evaluative Conditioning : Past, Present, and Future[END_REF]. More specifically, repeatedly exposing a conditioned stimulus (i.e., tobacco) with an unconditioned stimulus (i.e., the framing of the poster) can lead to a change of attitudes, here to more negative attitudes toward tobacco. This hypothesis should be further investigated to understand the processes underlying incidental exposure to preventive content.

Finally, we found that when advertising was simultaneously present in the environment (Study 3), irrespective of the ratio of concomitant tobacco prevention posters present in the environment, attitudes toward tobacco were instead not impacted. When both prevention and advertising are present in the environment, prevention posters might be perceived as less attractive or more threatening, limiting the attention given to them, whereas advertising might be catchier for the attention and not necessarily threatening, which may facilitate interference for cognitive resources for one or the other, resulting in no impact on attitudes toward tobacco. This is in line with [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF] who presented posters advertising IQOS e-cigarettes containing warning labels about the risks of smoking and found that the promotional content was more frequently looked at (both in higher fixation counts and duration) and resulted in more positive attitudes toward vaping. Here, we used general advertising instead of promotional content about tobacco (i.e., notably because advertising for tobacco is forbidden in France), which may explain the lack of impact on attitudes toward tobacco.

Altogether, results from the experimental studies point toward a lack of efficacy of prevention posters to impact attitudes negatively. Incidental exposure to prevention posters is either associated with more positive attitudes toward tobacco when compared to nothing else in the environment (Study 1), likely inducing a positive salience of tobacco, or not impact them at all when presented with advertising in the same environment (Study 3), which is more likely to happen in a real-life context. Prevention campaign creators should therefore make sure their posters catch individuals' directed attention for long enough (Study 2), which may result in more negative attitudes toward tobacco. Alternatively, using a consistent content framing within one campaign (as in Study 2) seems a more efficient strategy to negatively impact attitudes toward tobacco than mixed-framed content (Study 1). Finally, negative content framing might be more suited to impact attitudes toward tobacco negatively in the case of incidental exposure, but replication is needed.

Memorization of preventive posters depends on the context of exposure

Experimental results from Study 2 in Chapter 2 indicated that participants showed low recognition rates for posters, except when they were negatively framed. This is in line with literature indicating that negatively framed or loss-framed posters can be more impactful, possibly due to the strong emotional reaction they produce and the sense of threat they generate [START_REF] Fucito | Nicotine Dependence as a Moderator of Message Framing Effects on Smoking Cessation Outcomes[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF]. Memorization is usually a direct consequence of attention given to a stimulus, but as a previous study using eye-tracking mentioned, especially in smokers time spent watching is not a necessary condition to recall viewing health warnings [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]. Alternatively, being exposed to negative health information about smoking may lead individuals to look away very fast as a strategy to stop processing and ignore it completely [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]Valsecchi & Codispoti, 2022). Yet, such negatively framed content appeared to still leave an imprint in memory.

Findings from Study 3 add some nuance to these results, indicating that posters recognition depends essentially on the environment it is embedded in as preventive posters were better recognized in the advertising-dominant condition, and the other way around for advertising. Therefore, we suggest that having a small amount of preventive posters within an environment mainly composed of advertising might be beneficial, as they would contrast and stand out in comparison with advertising, leading to a better recognition. Unsurprisingly, memorization also depends on the attention given (i.e., eye-tracking score) as we found that a more directed gaze led to a better recognition of prevention posters (as in Study 2, but only marginally significant in Study 3). We also found that the more time preventive posters were in the field of view, the lower the recognition of advertising posters. This might imply that being exposed to both advertising and prevention eventually interfere with each others' memorization.

Finally, even if marginally significant, we found that in the prevention-dominant condition the more participants had prevention posters in the field of view relative to ads, the better the recognition of ads. This points to the fact that having a type of posters that is less present in an environment and distinguishes itself from other, more homogenous cues, is beneficial for its memorization. Altogether, this indicates that presenting some negatively framed prevention content in a mix of (usually positive) advertising posters is able to catch the eye and leave an imprint in memory, even to the point that it is better recalled than advertising in an ads-dominant environment.

These results are important because previous studies investigating both promotional content and health prevention (e.g., advertising presenting an health warning) found that advertising content is usually more watched (or less avoided) than prevention, and result in a better recall [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF]Valsecchi & Codispoti, 2022). It is possible that in a realistic incidental exposure to prevention, even if posters are negatively focused on the health risks of tobacco, possibly triggering avoidance, retaining a small amount of such posters in the environment is still beneficial to impact memorization. Also, we checked that participants in the prevention-dominant environment were exposed to and looked at significantly more prevention posters relative to ads, and the other way around for the advertising-dominant condition, which was the case for both eye-tracking measures. Therefore, there is a low possibility that both advertising or prevention posters were more relevant for individuals (which would have resulted in more attention to such posters) or more attractive per se. Nevertheless, it will be interesting to replicate these results on memorization while controlling for features of the posters (e.g., size, graphical layout), if posters framing moderate the effect (Study 3 only used negatively-framed posters), and which is the optimal proportion of advertising and prevention posters to present in the environment, before this 'stand-out' effect of prevention disappears.

Exposure to preventive posters does not enhance cravings for tobacco

In all studies, we did not find that exposure to prevention posters containing tobacco cues enhanced cravings for tobacco. No study in our knowledge, nor any prior evaluation of prevention campaigns included craving as a variable when studying universal tobacco prevention. However, our studies all included a small number of smokers. As smokers tend to have a bias toward smoking-related cues (Valsecchi & Codispoti, 2022), it is likely that an increased gaze toward prevention posters might lead to cravings. Replication is needed to draw conclusions on whether it is safe to use tobacco cues on prevention, and investigate which cues are more likely to produce cravings when presented on prevention posters in order to limit their use if necessary.

Limitations

This work presents some general limitations in common across studies. First, the samples used across studies are mainly composed of undergraduate students, mostly women and nonsmoking. This limits the external validity of the results, as it is unknown what happens when older individuals, or more severely dependent smokers, are exposed to prevention posters. As our studies are the first to systematically evaluate billboard-based tobacco prevention campaigns with iVR, resorting to convenience sampling from an accessible population (i.e., undergraduate students) was deemed more feasible. As we evaluated universal tobacco prevention, we deemed relevant to investigate its impact also when non-smokers are exposed to prevention posters. Nonetheless, these studies need to be replicated with a more representative sample from the general population. Also, in the subgroup of smoker participants, we did not assess smoking satiation, which can limit any conclusion on cravings following exposure to the preventive posters. We could for example control for participants' nicotine level during the experiment (e.g., CO2 level in the breath when arriving at the lab as in Garcia-Rodriguez et al., 2013, or giving instructions to smoke or not smoke before coming to the experiment) or measure cravings using physiological measures as a complement of the postexperiment questionnaire (e.g., assessing heart-rate as in Garcia-Rodriguez et al., 2013).

Finally, it could be interesting to assess psychological variables associated with tobacco consumption in smokers, such as the willingness to quit smoking, as smokers tend to spend more time reading coping-focused messages than negative, threat-focused messages, probably to look for relevant information to support them in quitting (Valsecchi & Codispoti, 2022).

Another limitation affecting this work refers to the covariates included in the studies, which yielded opposite results across studies (e.g., FTND positively predicted attitudes in Studies 1 and 2, but negatively in Study 3) or even counterintuitive or illogical results (e.g., cybersickness associated positively with memorization scores for ads in Study 3). These fluctuations in results are difficult to explain without further testing, and can well be a chance finding or one observation in the underlying distribution of effect sizes for said covariates.

Some of the materials used across the studies suffer from some shortcomings. The recognition task gave insights on memorization relative to the other experimental conditions, but altogether memorization of posters (preventive but also advertising) was quite poor (from an average of 0.6 to a maximum of 2.41 posters out of ten (or eight in Study 3; see Table A3 in the Appendix A3). Also, we only assessed explicit memorization (recognition task), but assessing implicit recognition as well would be beneficial to draw conclusions. In fact, because in incidental exposure individuals are more likely to process prevention posters in a superficial or automated manner [START_REF] Hommel | Towards a Unitary Approach to Human Action Control[END_REF][START_REF] Korteling | A Neural Network Framework for Cognitive Bias[END_REF], the recognition task may not have been the most appropriate task. Implicit memorization of posters could have been assessed using a lexical decision task, as used in brand sponsorship (e.g., [START_REF] Zerhouni | Dynamic Exposure to Alcohol Advertising in a Sports Context Influences Implicit Attitudes[END_REF].

Assessing both implicit and explicit memorization would strengthen conclusions about posters memorization.

Expansions and/or replications of our studies are needed to fully understand the efficacy of prevention poster campaigns. Our studies did not adopt a pre-post research design, nor included a follow-up, and made methodological choices in the design of the experimental conditions that increased internal validity but limited external validity (e.g., Study 3). For example, the generalisability of Study 1 results is compromised by the control condition, which does not include any posters at all. Including posters (e.g., only advertising) instead of a blank picture would have helped us draw conclusions on whether billboards are actually watched, irrespective of their content. Also, the iVR exposure across studies was short (about 5 minutes) and assessments were taken immediately after, so we cannot conclude about the sustained, longterm impact of prevention posters on the outcomes, and to what extent it depends on repeated exposure over time. We know that prevention relies on repeated exposure to a message over time, and that this longer-time exposure will impact durably both attitudes and memorization (both implicit and explicit) and can lead to a change of behavior in the future (e.g., [START_REF] Atkin | Advances In Public Communication Campaigns[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF]. Future studies should try to evaluate prevention campaigns in such a VE, for example by making participants take the same path in the VE several days in a row over a week, as one can do on their way to work every day, and evaluate how attitudes are progressively impacted in the longer run. Also, as individuals would be taking the same path multiple times, they would be getting more familiar with the VE and moving around it, potentially feeling freer to explore it and have more cognitive resources to allocate to their environment. Also, we only assessed the efficacy of billboard-based prevention posters, but campaigns usually broadcast prevention messages across multiple channels at the same time (e.g., radio, TV), which multiplies exposure to different types of message across multiple delivery modalities and might change the impact on attitudes and memorization as we found it.

Perspectives and recommendations

The results from the experimental studies give insights into the future studies that can be conducted to further evaluate the efficacy of tobacco prevention campaigns, especially based on billboard posters. They also allow us to draw some recommendations for the design of prevention campaigns in addition to what was already known from previous evaluations (e.g., [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Glanz | The Role of Behavioral Science Theory in Development and Implementation of Public Health Interventions[END_REF][START_REF] Noar | Reflections on Evaluating Health Communication Campaigns[END_REF][START_REF] Noar | Perceived Message Effectiveness Measures in Tobacco Education Campaigns : A Systematic Review[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF].

Perspectives and methodological recommendations for future research

Eye-tracking as an indicator of attention. Some research has integrated eye-tracking measures to evaluate individuals' attention toward posters, or cues presented in the posters (for a review, see Valsecchi & Codispoti, 2022). Eye-tracking technology helps researchers evaluate whether a cue is actually seen (especially in incidental exposure) and for how long (i.e., just in the field of view, or more directly watched and eventually processed). Future studies evaluating prevention posters should consider using portable eye-tracking technology (such as [START_REF] Bansal-Travers | Attention and Recall of Point-of-sale Tobacco Marketing : A Mobile Eye-Tracking Pilot Study[END_REF] allowing the collection of rich data on gazing, such as the number and duration of fixations (i.e., whether individuals look at a cue multiple times or just one prolonged time) and tracking how individuals look at posters (i.e., whether their gaze stays on some specific parts of the poster or potentially avoids others; whether graphics or text are more looked at). Using eye-tracking would also help increase knowledge about the potential attentional bias individuals, and particularly smokers, tend to have about smoking-related cues (Valsecchi & Codispoti, 2022), and if and how it impacts the way they look at and/or read prevention posters.

For example, in Study 2, we found that negatively framed prevention posters were better memorized than purely informative, neutral posters, even if there was no significant difference in either the exposure duration or the way posters were looked at between framing conditions.

Adding such precise eye-tracking measures would give us more information about more nuanced differences in the way different framings are processed (i.e., duration of the gaze, number of fixations). Also, precise eye-tracking measurements would help understand why prevention is not impactful on attitudes and memorization when exposed in the same environment with advertising (Study 3). The manipulation checks in Study 3 indicated that in both experimental conditions (prevention-dominant vs advertising-dominant VE), individuals respectively watched more prevention and more advertising, for both eye-tracking scores.

However, we found that for advertising posters, the more prevention posters were in the participants' field of view relative to ads, the worse their memorization, irrespective of condition. This was not the case for tobacco prevention posters. Eye-tracking the difference in the way the two types of posters are looked at would give more insights on how the two are processed, and conclude on whether advertising is truly more attractive than prevention as found in previous studies (e.g., [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF], Valsecchi & Codispoti, 2022) or if prevention stands-out in contrast to a background of ads, as found in Study 3.

Investigate poster features and location. We explored how tobacco prevention posters impacted memorization, cravings, and attitudes toward tobacco when incidentally exposed to two types of billboards: billboards standing on the sidewalk and wall-mounted displays (see Figure A1a1 in the Appendix A1). Therefore, we were mainly interested in evaluating how these posters are primarily perceived in their entirety. Other posters characteristics need to be investigated, such

as the text size, graphic layout, and their ratio, which could be relevant to test in iVR to optimize the impact of prevention posters on memorization and attitudes when exposed incidentally. For example, each November in France, the Mois sans tabac campaign invites smokers to try to stop smoking for one month; they can receive help by going to pharmacies providing a smoking quitting kit, containing information on how to quit tobacco and who to reach for personalized help. In the 2022 campaign, posters were rather positively framed (i.e., messages such as "In November, start with your best work: quitting smoking") and only contained text (Figure A3 in the Appendix A3), whereas in our studies we mostly had posters containing both graphics and text. It would be interesting to evaluate whether the new Mois sans tabac prevention poster campaign based on positively framed text-only messages affects attitudes and memorization under incidental exposure, as the negative consequences of tobacco and its health risk are neither depicted nor mentioned.

Billboard sizes and placement can be evaluated within a VE as well (as environments are usually highly modulable). This has been studied in the brand sponsorship field (e.g., [START_REF] Breuer | The Viewer's Reception and Processing of Sponsorship Information in Sport Telecasts[END_REF], where in the case of incidental exposure, the bigger the advertising banner and the longer it is in the field of view, the more positive the attitudes toward the brand. As shown in Chapter 2, incidental exposure to prevention posters could lead to either more positive or negative attitudes toward tobacco depending on their nature, or lead to no impact as shown in Chapter 3. It is therefore very likely that placement and billboard size play a role in the effect that posters have on both attitudes and memorization under incidental exposure. These characteristics should be tested to evaluate what is the most strategic placement and layout to obtain sustained attention to prevention, especially when general advertising is simultaneously present.

At last, we think it will be interesting to replicate Study 2 with more participants, as we only had 40 per condition. More participants could allow checking whether longer exposure duration to negative preventive posters led to more negative attitudes compared to neutrally framed posters, which is currently a marginal effect. This result is important to replicate as it can be a fluke, especially as we only used negatively framed posters in Study 3 where they did not impact attitudes. Replication would clarify whether negatively framed posters impact negatively attitudes as long as they are not concurrent with general advertising posters, or if they are not effective at all. Literature on framing is often found to be mixed [START_REF] Fucito | Nicotine Dependence as a Moderator of Message Framing Effects on Smoking Cessation Outcomes[END_REF][START_REF] Gallagher | Health message framing effects on attitudes, intentions, and behavior: a meta-analytic review[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF][START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF][START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF][START_REF] Updegraff | Health Message Framing: Moderators, Mediators, and Mysteries: Health Message Framing[END_REF], but mostif not all of these studies used a forced-exposure paradigm to present their prevention content. If this marginally significant result is replicated, it will be the first clear insight into the efficacy of framing on attitudes and memorization of posters when incidentally exposed to them.

Evaluating preventive campaigns depending on the targeted population. Our samples allow us to draw conclusions mainly for non-smokers. We would therefore recommend replicating all studies included in this dissertation with a sample of smokers (or systematically including both smokers and non-smokers) and assessing more variables around smoking status. First, the deliberate inclusion of more smokers in a sample would help draw conclusions on whether and how prevention posters work for this population and give more insights on their impact at different levels of dependence severity. Our samples included only a very small proportion of smokers that were moderately to highly dependent on tobacco. Even if prevention posters are designed for the general population (i.e., universal prevention), composed of the majority of non-smokers, we believe it is necessary to replicate our studies in the smoker population. In a review, [START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF] pointed out the need to target a specific population when designing tobacco prevention campaigns, as posters cannot have the same impact on every individual (e.g., for whom is a type of prevention more efficient; [START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF]. This leads to the second point of this recommendation: more variables around the smoking status need to be assessed (e.g., intention to quit smoking, the number of previous attempts to quit) as they can impact the motivation to process preventive posters and ultimately, their efficacy [START_REF] Fucito | Nicotine Dependence as a Moderator of Message Framing Effects on Smoking Cessation Outcomes[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF][START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF][START_REF] Toll | Quitting Smoking Will Benefit Your Health" : The Evolution of Clinician Messaging to Encourage Tobacco Cessation[END_REF]. We would suggest to add information adapted to multiple populations, at least for both smokers and non-smokers, to keep prevention universal while bringing to the forefront the most relevant information to help both populations. For instance, smokers willing to quit would benefit from information about practitioners/ facilities or medications (i.e., patches, gums) that could support them in their journey to quit (e.g., smokers gave more attention to coping messages than threatening messages about smoking; Valsecchi & Codispoti, 2022); whereas smokers with a positive view of smoking or non-smokers would benefit from posters negatively impacting their attitudes toward tobacco and leave an imprint about that message in memory (i.e., possibly negatively framed posters, as shown in Study 2). A mix of these two types of content within the same campaign would diversify the content for key target groups without (in principle) interfering

with each other and pivoting on the types of messages that are better perceived, memorized and processed by different individuals in the same urban environment.

6.2. Perspectives and recommendations for future prevention campaigns and their evaluation Attitudes need to be evaluated to conclude on the campaign efficacy. Evaluations of prevention campaigns have pointed out the lack of standardization on which variables to assess to conclude on campaigns efficacy [START_REF] Anker | Measuring the Effectiveness of Mass-Mediated Health Campaigns Through Meta-Analysis[END_REF][START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF][START_REF] Durkin | Mass media campaigns to promote smoking cessation among adults : An integrative review[END_REF][START_REF] Snyder | Does Evaluation Design Impact Communication Campaign Effect Size? A Meta-Analysis[END_REF] and highlighted the lack of assessment of attitudes when evaluating campaigns [START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF] as well as when testing the impact of health prevention content in the lab (e.g., a systematic review found that only 22.7% of studies use attitudes as an outcome when presenting framed health preventive content; [START_REF] Covey | The role of dispositional factors in moderating message framing effects[END_REF]. Additionally, our studies have shown that attitudes toward tobacco may be impacted when incidentally exposed to tobacco prevention posters, either positively (Study 1) or negatively (Study 2), but also not at all (Study 3) depending on the study and poster design (i.e., mixed framing versus no posters, Study 1; consistent framing across posters, Study 2) or the way they are displayed (e.g., with general advertising, Study 3). Therefore, we recommend the assessment of attitudes when evaluating prevention campaigns, as even a short exposure to preventive posters may impact attitudes toward tobacco. Literature indicates that (1) attitude is one of the first steps toward behavioral intentions (e.g., theory of planned behavior, [START_REF] Ajzen | The theory of planned behaviour: Reactions and reflections[END_REF] and ( 2) attitudes are formed and shaped over repeated, long-term exposure to information on the object of attitudes (e.g., Atkin & Rick, 2012;[START_REF] Gallagher | Health message framing effects on attitudes, intentions, and behavior: a meta-analytic review[END_REF]. As such, attitudes toward tobacco, both implicit and explicit, contribute to behavioral change and need to be accounted for in a campaign efficacy.

Limiting cues associated with cravings toward tobacco. No study to our knowledge tested whether exposure to prevention posters depicting tobacco or tobacco-related cues resulted in cravings for tobacco. Across all three studies we did not find an association between their exposure and an immediate self-reported craving response. However, literature indicates that being incidentally and repeatedly exposed to some cue might make you want the cue-related object (e.g., incidental exposure to hedonic food increased preference for the same food the next day; [START_REF] Dutriaux | Incidental exposure to hedonic and healthy food features affects food preferences one day later[END_REF]. Added to the fact that smokers tend to have an attentional bias toward smoking-related cues (see Valsecchi & Codispoti, 2022), this might make smokers fixate on prevention posters but lead to a counterproductive effect (i.e., increase in cravings for tobacco). Hence, as a precaution, we recommend systematically measuring cravings associated with exposure to tobacco prevention campaigns during their evaluation.

Change the way we design prevention. Literature indicated that preventive content is less looked at than advertising [START_REF] Liu | Do Young Adults Attend to Health Warnings in the First IQOS Advertisement in the U.S.? An Eye-Tracking Approach[END_REF], Valsecchi et Codispoti 2022), but we found that prevention might benefit from its distinctiveness from advertising in Study 3 (i.e., better memorization but no association with attitudes). To ensure memorization, but also try to catch participants' attention to impact attitudes, we suggest that the health promotion field would benefit from insights from social marketing, which crosses both social psychology and marketing theories and concepts to apply them to health topics [START_REF] Gallopel-Morvan | Le marketing social : Définition, contours et exemples de mobilisation des professionnels de santé[END_REF]. Social marketing considers the limits of traditional health prevention and use marketing theory to address them (e.g., use of humor or storytelling in an advertisement to draw attention to a health message)

and is based on 5 characteristics [START_REF] Gallopel-Morvan | Le marketing social : Définition, contours et exemples de mobilisation des professionnels de santé[END_REF] campaign was found to be effective to help individuals quit smoking [START_REF] Guignard | Effectiveness of Mois sans tabac 2016, a French social marketing campaign against smoking[END_REF], however, the evaluation of the campaign was done on behavioral indicators (e.g., attempt to quit smoking, duration) and not on variables associated to the perception of preventive posters exposure (e.g., attitudes, memorization). We have reason to think that the use of social marketing actions could be useful, as smokers tend to pay more attention to coping information to help them quit smoking, rather than to smoking-prevention posters indicating that smoking is bad for their health, as most of them are likely already aware of the negative health impacts of tobacco (Valsecchi & Codispoti, 2022).

Evaluate both incidental and forced exposure. This research work is the first to systematically evaluate exposure to tobacco prevention posters under incidental exposure in a naturalistic VE.

Altogether, our studies highlight the need to evaluate prevention posters when encountered incidentally in the environment. However, more sustained exposure needs to be assessed as well, to confirm that repeated, continued attention to a poster will lead to more negative attitudes toward tobacco. Measuring both forced and incidental exposure would contribute to the health message framing field, as multiple studies found that negatively framed posters are more effective when individuals have the tendency to process information more deeply, whereas positively framed health content would be more effective when faster, more superficial encoding processes are used [START_REF] Covey | The role of dispositional factors in moderating message framing effects[END_REF][START_REF] Jung | The Effects of Message Framing, Involvement, and Nicotine Dependence on Anti-Smoking Public Service Announcements[END_REF]. Our study found that neither type of framing had a greater impact on attitudes during incidental exposure.

Consequently, we would recommend a complementary assessment of both forced and incidental exposures, as individuals are likely to face them both.

Conclusion

This thesis indicated that even if iVR use is recent in health and prevention psychology, it is a useful tool for both research and intervention and can be especially useful to systematically evaluate the efficacy of preventive poster campaigns. Results point to a lack of efficacy in the use of tobacco prevention posters displayed in the urban environment to prevent individuals from smoking or prompting them to quit, as exposure to such posters was generally poorly memorized and did not substantially impact attitudes toward tobacco. Future studies should address the perspectives and recommendations given in this dissertation to further understand and improve the efficacy of tobacco universal prevention initiatives.

Figure A1a1. Pictures taken of different billboards in Parisian suburbs and screenshots of their recreation in iVR

Billboards and other displays were distributed around the VE (Figure A1a2). This allowed us to make participants visit the entire VE and cross multiple billboards incidentally. Participants had to complete 5 instructions by the experimenter (see Figure A1a2).

Figure A1a2. Map of the VE indicating billboards and moves participants needed to make during experiments

Legend: Red square=billboards standing on the sidewalk, blue square=billboards against the wall, yellow square = wall-mounted displays.

How to move in the VE

To move within the VE, we chose a pointing system, where the user has to point to the destination, making them take a step forward in the VE to move there. Participants have to use handheld controllers to point to the place they want to go, then validate the action to take the step forward (Figure A1a3). The procedure was explained to participants in the tutorial prior to each experiment, and the experimenter first verified that the participant successfully used the controls before giving instructions about the guided walk. Even if less natural and intuitive, we chose this type of moving to avoid any cybersickness that was encountered with a more classic or video-games type of moving (i.e., when moving a joystick forward, the avatar moves progressively forward). Directed Gaze was a score directly computed such that when a billboard was tracked every 0.2 seconds the score was calculated and added to the current Directed Gaze score of that billboard.

Calculations were done to have a score value between 0 and 20 instead of 0 and 100, and the score was calculated from the percentage of the screen the billboard took (e.g., if a billboard took 10% of the screen, 10% was transformed to a score a 2), and added up every 0.2 seconds to the current score. Consequently, the higher the score, the more the billboards took up space in the visual field and for a long time, indicating a more sustained gaze toward the posters.

Procedure. Participants could access the online Qualtrics questionnaire when registering to the study on the online pool participant for psychology studies. The questionnaire started with a text explaining that the aim of the survey was to evaluate the relevance of multiple anti-tobacco posters on different indicators, and participants' consent was asked to further continue.

Participants then evaluated the list of 45 anti-tobacco posters, presented in random order.

Demographics were asked at the end of the survey, then participants were compensated with university credits and thanked for their participation.

Data analysis. We conducted descriptive analysis concerning the valence of the posters, then we ranked them and selected the posters that were closer to zero for negative posters, closer to 50 for neutral and closer to 100 for positive posters. 10 posters were retained for each category (positive, neutral, or negative), for a total of 30 posters. Out of this selection, three ANOVA were conducted to ensure the constitution of the three categories (positive, neutral, and negative): a repeated-measures ANOVA for the valence attribute of the posters, its graphic, and its messages (all three as within-subject factor), with valence category as the between-subject factor, and one ANOVA for the perceived aimed of the poster (promotion of a behavior or prevention) and for the perceived effectiveness.

Results

. Perceived efficacy of posters. Posters were found to have a different perceived efficacy depending on their valence (F(2,27) = 3.59, p = .04), where negative posters (M= 53.7, SD= 6.76) were significantly perceived to have more efficacy than neutral (M=47.6, SD= 8.99) or positive posters (M= 45.6, SD=4.80). This is not an issue as negative (or loss-framed)

Posters

preventive content is usually perceived with more efficacy than other types of framing (e.g., [START_REF] Nan | Effectiveness of Cigarette Warning Labels : Examining the Impact of Graphics, Message Framing, and Temporal Framing[END_REF]. 

Negative posters

Translation of the posters, from left to right: "Speak with us before it is to late", "Tobacco is breaking your heart: choose health, not tobacco" and "Smoking is not just suicide. It's murder". 

Model 2 :

 2 R² = 0.35, AIC = 312, BIC = 356, F(14,100) = 3.92, p < .001) ΔR² = 0.03, F(8,100) = 0.75, p = .65 Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine Dependence.

Figure 1 .

 1 Figure 1. Interaction of Condition x Exposure Duration on attitudes scores

  prevention posters 4 followed by 10 advertising posters and were asked to indicate whether they had seen them in the VE. The recognition task was then composed of 10 posters presented during the iVR session and 30 distractors. A score for correct recognition (i.e., correctly indicating that a poster was present in the VE) and a score for incorrect recognition (i.e., indicating viewing a poster that was not presented, or the other way around) was calculated for prevention and advertising posters separately. Two global scores were computed (difference between correct minus incorrect recognition), one for each type of poster (prevention poster recognition, advertising posters recognition). The higher the recognition score, the more individuals correctly recognized the posters (i.e., a better memorization score).Eye-tracking measures. Participants' gaze was continuously assessed via eye-tracking technology embedded in the HMD while being in the VE. Similar toBonneterre et al. (2022b; see Chapter 2), we computed two scores: Exposure Duration and Directed Gaze. Exposure

2 seconds

 2 as long as the poster was still on the screen. Consequently, Directed Gaze is an indicator of more sustained attention to the posters. For each poster presented in the VE an Exposure Duration and a Directed Gaze score were calculated. Then, for each participant Exposure Duration scores were summed up within prevention and ads posters separately to obtain their total exposure duration. Directed Gaze scores were averaged out within prevention and ads posters separately. Additionally, a relative score for each eye-tracking measure was calculated by calculating the difference between the score for preventive posters minus the score for advertising posters. The larger the difference the longer participants were exposed to prevention posters (Relative Exposure Duration) and the more they directly looked at them (Relative Directed Gaze), compared to ads. Presence. Presence was assessed using the iGroup Presence Questionnaire (IPQ, Viaud-Delmon, n.d.) in the French version. The IPQ contains 14 questions, with answers to indicate

(

  F(1,116) = 0.01, p = .92, η²= .00) or Poster Type (F(1,116) = 0.01, p = .93, η²= .00), but it showed a significant interaction between the two (F(1,116) = 1015.33, p < .001, η²= .77). Namely, advertising posters were viewed the longer in the Advertising condition (Mads = 449375, SD =11356, Mprev = 107395, SD = 13316) and the other way around for the Prevention condition (Meprev = 449735, SD = 13093, Mads = 109738, SD = 11165)The same appeared for Directed Gaze, with no main effect of Condition (F(1,116) = 0.26, p = .61, η²= .00) nor Poster Type (F(1,116) = 2.52, p = .12, η²=0.01), while their interaction was significant (F(1,116) = 4.73, p = .03, η²=0.02). In the Advertising condition, individuals gazed more advertising posters (Mads = 9.72, SD = 1.51, Mprev = 8.47, SD = 2.76) than prevention ones, and the other way around in the Prevention condition (Mprev = 11.95, SD = 2.71, Mads = 3.94, SD = 1.48).

  moderated by the duration of exposure to prevention posters relative to ads, as shown by the interaction effect between Condition and Relative Exposure Duration (β = 2.38, p = .06), albeit only marginally statistically significant. Compared to the Advertising condition, in the Prevention condition the longer participants had prevention posters in their field of view relative to ads (i.e., a positive Relative Exposure Duration difference score), the better their recognition of advertising posters.

Figure A1a3 .

 A1a3 Figure A1a3. Moving in the VE: first pointing with the blue light (left), then the avatar

  valence classification. The three categories (positive, neutral, negative) in which we classified the selected posters were significantly different (F(2,27) = 131, p < .001), where posters classified as positive (M = 64.8, SE = 1.05) were rated as more positive than posters classified as neutral (M = 50.3, SE = 1.05) and negative (M = 40.9, SE = 1.05). Perceived aim of the posters. Depending on their classification (positive, negative, or neutral), posters were found to significantly have different perceived aims (F(2,27) = 35.8, p<.001).More precisely, negative (M = 28.5, SE = 1.79) and neutral posters (M = 33.5, SE = 1.79) were perceived as trying to induce individuals to avoid a behavior, whereas positive posters were more likely to induce the adoption of a behavior regarding quitting or reducing smoking (M = 49.1, SE = 1.79).

Figure A1b1 .

 A1b1 Figure A1b1. Posters selected and used in the experimental studies.

  Figure A2.PRISMA study selection flowchart.
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Table 1 . Descriptive summary of content areas investigated in the eligible studies. Area of the study Articles included in the category

 1 

	Nutrition (24%):	
	-Nutrition, including nutrition and	-Blom et al. (2021); Isgin-Atici et al. (2020);
	obesity prevention (17.4%)	Ledoux et al. (2013); Marcum et al. (2018);
		McBride et al. (2013); Persky et al. (2018, 2021);
		Verlhust et al. (2018)
	-Eating disorder and binge eating (4.4%) -Sugar-sweetened drinks consumption (2.2%)	-Ferrer-Garcia et al. (2014); Lemieux et al. (2013) -Ahn (2015)
	Risk behaviors (23.8%):	
	-Smoking tobacco (8.7%)	-Borelli et al. (2019); Ferrer-Garcia et al. (2010);
		Garcia-Rodriguez et al. (2013); Guo et al. (2021)
	-Smoking e-cigarettes (4.3%) -Alcohol (4.3%) -Risk behavior in adolescents (4.3%) -Gambling (2.2%)	-Weser et al. (2021a, 2021b) -Guldager et al. (2022); Ma (2020) -Hadley et al. (2013, 2019) -Detez et al. (2019)
	Well-being (19.5%):	
	-Exposure to nature to enhance well-	-Alyan et al. (2021); Beverly et al. (2022);
	being/ stress reduction (13%)	Brimelow et al. (2020); Brimelow et al. (2021);
		Browning et al. (2020); Caloguiri et al. (2018)
	-Well-being/ stress reduction (6.5%)	-Adhyaru et al. (2022); Kim et al. (2020); Riva et
		al. (2021)
	Physical activity (17.4%):	
	-Using handheld controllers (10.9%)	-Eisapour et al. (2020); Fang et Huang (2021);
		Faric et al. (2021); Polechonski et al. (2020);
		Sakhare et al. (2021)
		-Bird et al. (2021); Zeng et al. (2017, 2021)

  If possible, we recommend doing a short tutorial on how to use the controllers or putting the participant in a tutorial VE before the experimental procedure. The participants can then fully concentrate on what is happening in the iVR rather than think about how to interact with the VE.To conclude, our aim was to give a state-of-art scoping review of the use of iVR in the field of health promotion and prevention psychology. The use of iVR technology in this field is relatively recent and shows potential. iVR can be applied to different health topics, to address both applied and fundamental research questions. It offers the ability to recreate realistic, ecological, and complex situations and assess precisely physiological and behavioral variables at the same time. Nonetheless, the field of health promotion and prevention psychology has adopted iVR as a research tool relatively recently, hence more time is needed for iVR research to develop and reveal its full potential.Tobacco consumption represents one of the first causes of death worldwide (about 8 million people a year, WHO, 2022) and is responsible for several health issues (cancer, cardiovascular and respiratory illnesses,[START_REF] Bonaldi | Estimation du nombre de décès attribuables au tabagisme, en France de 2000 à 2015[END_REF]. As such, smoking represents a major health concern and is the object of preventive actions by public health institutions. A diversity of preventive interventions has been created[START_REF] Chan | Review of Evaluation Metrics Used in Digital and Traditional Tobacco Control Campaigns[END_REF]: social media advertising, billboard posters, and public health awareness campaigns such as Stoptober. One of the most utilized delivery methods for population-based universal health promotion are billboard posters

	RÉSUMÉ
	Objectifs : Les campagnes de promotion de la santé souffrent d'un manque d'évaluation
	systématique et n'ont pas toujours l'impact escompté sur la population cible. Notre recherche a
	adopté la réalité virtuelle immersive (iVR) pour évaluer systématiquement les messages
	préventifs anti-tabac dans un cadre contrôlé tout en imitant un environnement naturaliste et
	écologique. Nous avons étudié l'effet de l'exposition incidente à des affiches préventives anti-
	tabac (Étude 1) et l'effet du cadrage des affiches (Étude 2) sur les attitudes et les envies de
	fumer, ainsi que sur la reconnaissance des affiches.

Méthodes : Les participants étaient des étudiants en Licence (Étude 1, n= 157 ; Étude 2, n=121), principalement des femmes. Ils ont été immergés dans un environnement virtuel les exposant accidentellement à des affiches de prévention (positives, négatives et/ou neutres), et leur regard a été suivi pendant toute la procédure.

Résultats : Les résultats indiquent que l'exposition incidente à des affiches préventives antitabac a conduit à des attitudes plus favorables envers le tabac (étude 1), tandis que le fait de regarder de façon soutenue des affiches au cadre négatif était associé à des attitudes positives plus faibles envers le tabac (étude 2). L'exposition incidente à des affiches n'a pas d'impact sur leur mémorisation explicite, sauf en cas d'exposition à des affiches encadrées négativement.

Aucun effet significatif n'a été constaté sur les envies de fumer.

Conclusions : Nous conseillons aux concepteurs de campagnes de santé d'utiliser systématiquement des messages préventifs cadrés négativement et recommandons l'utilisation de l'iVR pour évaluer les campagnes avant leur lancement.

Mots clés : tabac ; tabagisme ; attitudes ; affiches de prévention ; campagnes de promotion de la santé ; réalité virtuelle immersive ; exposition accidentelle.

  &[START_REF] Moorman | The influence of message framing, intention to quit smoking, and nicotine dependence on the persuasiveness of smoking cessation messages[END_REF], but never in the case of incidental exposure.

	(positive, negative, or neutral) on attitudes, cravings, and memorization of anti-tobacco
	prevention posters.
	Immersive virtual reality to evaluate prevention campaigns
	Immersive virtual reality (iVR) is a human-computer interface that recreates virtual
	environments (VE) in which users are immersed and can interact through various sensory
	channels (usually sight, but also touch, sound, smell). iVR is a device usually composed of a
	head-mounted display (HMD) covering the eyes which, together with other motion tracking
	Furthermore, to date, very few studies investigated the role of framing in prevention message
	recognition, with mixed results (e.g., positively framed messages are better recalled than
	negative ones, Masumoto et al., 2020; no effect of framing on recall, Mollen et al., 2017), and
	none of them has investigated message recognition under incidental exposure. We aimed to
	address this gap by comparing the effect of incidental exposure to different message framing

devices (e.g., hand-held controllers) enable users to interact directly with the VE and its characters. Due to the high level of immersion afforded by the technology, iVR allows individuals to act the closest to real-life behavior

[START_REF] Parsons | Virtual Reality for Research in Social Neuroscience[END_REF] 

and behave naturally in the VE by generating the feeling of presence (i.e., the ability to project oneself mentally into the VE as we would in real-life;

[START_REF] Cummings | How immersive is enough? A meta-analysis of the effect of immersive technology on user presence[END_REF][START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF] 

Table 1 . Linear regression models for Study 1

 1 Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine Dependence.

	Predictor variables	β	CI 95%	t	p
	Outcome: Attitudes				
	Presence	0.07	[-0.11, 0.24]	0.74	.46
	Immersion	-0.05	[-0.17, 0.07]	-0.87	.39
	Cybersickness	-0.18	[-0.72, 0.36]	-0.67	.51
	Cravings	0.74	[0.54, 0.94]	7.40	< .001
	Age	0.06	[0.00, 0.13]	2.09	.04
	Gender	0.23	[-0.19, 0.66]	1.08	.28
	FTND	0.17	[-0.09, 0.44]	1.29	.20
	Model 1: R² = 0.51, AIC = 262, BIC = 286, F(7, 103) = 15.1, p < .001	
	Presence	0.04	[-0.13, 0.22]	0.51	.61
	Immersion	-0.06	[-0.18, 0.05]	-1.07	.29
	Cybersickness	-0.24	[-0.79, 0.30]	-0.90	.37
	Cravings	0.71	[0.51, 0.91]	7.21	<.001
	Age	0.05	[-0.01, 0.11]	1.64	.11
	Gender	0.28	[-0.14, 0.70]	1.31	.20
	FTND	0.15	[-0.11, 0.41]	1.16	.25
	Condition (Exp vs Control)	0.17	[-0.19, 0.53]	0.96	.34
	Exposure Duration	-0.14	[-0.38, 0.10]	-1.19	.24
	Directed Gaze	-0.01	[-0.03, 0.01]	-0.84	.40

Model 1: R² = 0.27, AIC = 256, BIC = 278, F(6,104) = 6.43, p < .001

Table 2 . Linear regression models for Study 2
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	Predictor variables	β	CI 95%	t	p
	Outcome: Attitudes				
	Presence	-0.03	[-0.25, 0.19]	-0.30	.77
	Immersion	-0.06	[-0.20, 0.09]	-0.77	.44
	Cybersickness	0.20	[-0.52, 0.91]	0.54	.59
	Cravings	0.97	[0.79, 1.15]	10.53	<.001
	Age	0.03	[-0.02, 0.08]	1.06	.29
	Gender	-0.04	[-0.40, 0.33]	-0.20	.84
	FTND	-0.03	[-0.20, 0.13]	-0.39	.70
	Model 1: R² = 0.60, AIC = 293, BIC = 293, F(7, 107) = 23.2, p < .001	
	Presence	-0.04	[-0.26, 0.18]	-0.39	.70
	Immersion	-0.01	[-0.16, 0.14]	-0.18	.86
	Cybersickness	0.50	[-0.24, 1.24]	1.34	.18
	Cravings	0.99	[0.81, 1.17]	10.77	<.001
	Age	0.05	[0.00, 0.11]	1.94	.06
	Gender	0.02	[-0.35, 0.39]	0.11	.91
	FTND	-0.07	[-0.24, 0.10]	-0.79	.43
	Condition: Negative -Neutral	-0.40	[-0.93, 0.13]	-1.51	.13
	Condition: Positive -Neutral	-0.02	[-0.52, 0.47]	-0.10	.92
	Exposure Duration	0.12	[-0.23, 0.46]	0.67	.50
	Directed Gaze	-0.02	[-0.04, 0.00]	-2.32	.02
	Condition (Negative-Neutral)*Exposure Duration	-0.45	[-0.93, 0.02]	-1.90	.06
	Condition (Positive-Neutral)*Exposure Duration	0.07	[-0.35, 0.48]	0.32	.75
	Condition (Negative-Neutral)*Directed Gaze	0.02	[-0.01, 0.04]	1.18	.24
	Condition (Positive-Neutral)*Directed Gaze	0.02	[-0.01, 0.04]	1.35	.18
	Model 2: R² = 0.65, AIC = 294, BIC = 340, F(15,99) = 12.5, p < .001	
	ΔR² = 0.05, F(8,99) = 1.83, p = .08		
	Outcome: Recognition score				
	Presence	-0.39	[-1.25, 0.46]	-0.91	.36
	Immersion	0.32	[-0.24, 0.89]	1.13	.26
	Cybersickness	-0.73	[-3.52, 2.06]	-0.52	.61
	Age	0.13	[-0.07, 0.34]	1.28	.20
	Gender	1.94	[0.51, 3.38]	2.69	.008
	FTND	0.02	[-0.51, 0.55]	0.07	.94
	Model 1: R² = 0.10, AIC = 605, BIC = 627, F(6,108) = 2.01, p = .07	
	Presence	-0.54	[-1.38, 0.30]	-1.28	.20
	Immersion	0.16	[-0.40, 0.72]	0.56	.57
	Cybersickness	-2.32	[-5.13, 0.49]	-1.64	.11
	Age	0.06	[-0.14, 0.27]	0.63	.53
	Gender	1.80	[0.39, 3.21]	2.54	.01
	FTND	0.11	[-0.44, 0.66]	0.40	.69
	Condition: Negative-Neutral	2.09	[0.08, 4.10]	2.07	.04
	Condition: Positive-Neutral	-1.05	[-2.92, 0.82]	-1.12	.27

  of message framing in the prior literature are in fact mixed (e.g.,Gallagher & Updegraff, 

	2012; Updegraff & Rothman, 2013), notably because of the covariation with other variables
	affecting depth of processing (e.g., self-efficacy, motivation; Updegraff & Rothman, 2013) and
	sometimes even counteracting framing effects (Meyers-Levy & Maheswaran, 2004). As the
	aim of the study was not to understand mechanisms underlying framing, we did not measure
	these confounding variables (i.e., personal relevance, consideration for the future, Updegraff &
	Rothman, 2013). Yet, despite the lack of a main effect of poster framing on attitudes, Study 2

  Les campagnes de prévention souffrent de lacunes dans les méthodes d'évaluation et il a été constaté qu'elles atteignent mal la population ciblée et n'ont pas d'impact sur les résultats

	Despite a decrease in smoking prevalence over the last decade, tobacco is still a major health
	concern (WHO, 2022a, 2022b) as it is responsible for various health issues (cancer, respiratory
	and cardiovascular diseases, Bonaldi et al., 2019) from both active and passive smoking. As a
	escomptés. Nous avons utilisé la réalité virtuelle immersive (iVR) pour évaluer consequence, public health services engage in universal tobacco campaigns aimed
	systématiquement les affiches de prévention du tabagisme dans un environnement virtuel (VE) at both preventing the risk of smoking and highlighting the benefits of quitting it. Various
	réaliste qui imite l'exposition naturelle (i.e., l'exposition incidente). Nous avons évalué l'impact channels can be used to broadcast these messages (e.g., videos, social media advertising, Chan
	des affiches de prévention sur leur mémorisation et sur les attitudes et envies de fumer. et al., 2020), with billboard prevention posters as a widely used strategy that can display health
	Cent vingt et un étudiants de Licence 1 de Psychologie, principalement des femmes (82,5 %), promotion campaigns in different locations in daily life (Durkin et al., 2012). To study the
	efficacy of such type of prevention campaigns, we aimed to explore whether tobacco prevention
	posters are perceived, memorized, and impacting attitudes toward tobacco in an ecological
	environment by using immersive virtual reality (iVR), where the virtual environment (VE)
	resembles natural exposure to billboards displaying both tobacco prevention and general
	advertising posters.
	Mots clés : tabac ; tabagisme ; promotion de la santé ; campagnes de prévention ; réalité
	virtuelle immersive ; exposition fortuite ; publicité.

ont été invités à une promenade guidée dans le VE où ils ont été exposés incidentellement à des affiches de prévention et de publicité générale dans un ratio différent (80/20 ou 20/80) selon la condition expérimentale. Le regard des participants a été mesuré pendant toute la procédure, et les variables d'intérêt ont été évalués après l'exposition à la RV.

Les résultats indiquent qu'en cas d'exposition incidente à la fois à la prévention antitabac et à la publicité générale, les attitudes envers le tabac ne sont pas significativement affectées.

La mémorisation des affiches de prévention bénéficie d'un effet de contraste lorsqu'elles sont présentées avec des affiches publicitaires, ce qui fait qu'elles sont mieux mémorisées que la publicité. L'exposition aux affiches de prévention n'a pas suscité d'envies de fumer. Nous suggérons l'utilisation de l'iVR comme outil pour évaluer systématiquement les campagnes de prévention et avons donné des conseils pour changer la façon dont les campagnes de prévention sont créées et mises en oeuvre.

Table 1 . Linear regression models.

 1 Note. Exposure Duration = total time in milliseconds the posters were in the field of view; Directed Gaze = averaged running sum of the percentage of area billboards took up of the screen; FTND = Fagerstrom Test for Nicotine Dependence.

	Predictor variables	β	CI 95%	t	p
	Outcome: Attitudes				
	Presence	-0.10	[-0.24,0.03]	-1.48	.14
	Immersion	0.04	[-0.06,0.14]	0.84	.40
	Cybersickness	0.01	[-0.37,0.38]	0.02	.99
	Cravings	1.07	[0.91,1.22]	13.87	< .001
	Age	0.01	[-0.02,0.05]	0.79	.43
	Gender	0.38	[0.05,0.72]	2.30	.02
	FTND	-0.22	[-0.38,-0.06]	-2.68	.008
	Model 1: R² = 0.74, AIC = 227, BIC = 251, F(7, 107) = 44.1, p < .001	
	Presence	-0.11	[-0.25,0.03]	-1.51	.13
	Immersion	0.04	[-0.07,0.14]	0.67	.50
	Cybersickness	0.02	[-0.37,0.42]	0.12	.91
	Cravings	1.07	[0.91,1.23]	13.50	< .001
	Age	0.01	[-0.02,0.05]	0.86	.39
	Gender	0.36	[0.01,0.71]	2.05	.04
	FTND	-0.22	[-0.39,-0.06]	-2.69	.01
	Condition (Prev vs Ads)	0.00	[-0.74,0.74]	0.00	.99
	Relative Exposure Duration	0.09	[-0.45,0.63]	0.33	.74
	Relative Directed Gaze	-0.00	[-0.01,0.01]	-0.17	.87

Table 2 . Linear regression model for post-hoc analysis
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	Predictor variables	β	CI 95%	t	p
	Outcome: Recognition score for Advertising posters		
	Immersion	0.15	[-0.31,0.61]	0.64	.52
	Cybersickness	-0.25	[-1.99,1.48]	-0.29	.77
	Age	-0.15	[-0.30,-0.00]	-2.01	.05

Table 1 . Summary of results of experimental studies. Study 1

 1 

	Presence of mixed framed
	posters vs no posters

  : (i) proposing a behavior and what can be done to facilitate its set-up on a daily basis (e.g., kit Mois sans tabac to help individuals quit smoking), (ii) diminish the cost (both financial and psychological) of implementing the targeted behavior (e.g., indicating that low-cost treatment such as nicotine gums can help to quit smoking), (iii) facilitate access to the new behavior (e.g., the Mois sans tabac kit is available in any pharmacy during November), (iv) create a campaign that broadcast all of these pieces of information (e.g., Mois sans tabac is broadcasted in posters displayed in the street, as well as videos in different media channels), and (v) having partners on the field that can help individuals locally (e.g., pharmacists and health practitioners are mobilized to discuss smoking cessation with smokers during Mois sans tabac). The 2016 Mois sans tabac

Posters were based on existing tobacco prevention posters. An original pool of 45 posters was presented to

participants in a previous online survey aimed at evaluating perceived persuasiveness and relevance of the posters. Additionally, participants had to indicate whether the posters were considered preventive (i.e., negatively framed), informative (i.e., neutrally framed) or promoting tobacco cessation (i.e., positively framed). Descriptive analyses were conducted to rank and select the final list of 30 posters (10 for each of the mentioned categories) to be used in both studies.

CHAPTER 2 -EFFECT OF SMOKING PREVENTION CAMPAIGNS ON MEMORIZATION AND ATTITUDES: TWO VIRTUAL REALITY STUDIES

This Chapter is submitted to Journal of Health Psychology. Bonneterre, S., Boffo, M., [START_REF] Bonneterre | Effects of smoking prevention campaigns on memorization and attitudes: two virtual reality studies[END_REF]. Effects of smoking prevention campaigns on memorization and attitudes: two virtual reality studies. [Manuscript submitted for publication] ABSTRACT Objectives: Health promotion campaigns suffer from a lack of systematic evaluation and do not always impact the target population as intended. Our research adopted immersive virtual reality (iVR) to systematically evaluate preventive anti-tobacco messages in a controlled setting while mimicking a naturalistic and ecological environment. We investigated the effect of incidental exposure to tobacco prevention billboard posters (Study 1) and the effect of poster framing (Study 2) on attitudes and cravings toward tobacco, and poster recognition.

Methods: Participants were undergraduate students (Study 1, n = 157; Study 2, n = 121), mostly female. They were immersed in a virtual environment incidentally exposing them to preventive posters (positive, negative, and/or neutral), and their gaze was eye-tracked during the entire procedure.

Results:

Results indicate that incidental exposure to tobacco prevention tobacco posters led to more favorable attitudes toward tobacco (Study 1), while directly looking at negatively framed posters was associated with lower positive attitudes toward tobacco (Study 2). Incidental exposure to posters did not impact their explicit memorization, except when participants were exposed to negatively framed posters. No significant effects were found on craving.

Conclusions:

We advise health campaign designers to consistently use negatively framed preventive messages and recommend the use of iVR to evaluate campaigns before launching them.

Keywords: tobacco; smoking; attitudes; prevention posters; health promotion campaigns; immersive virtual reality; incidental exposure.

CHAPTER 3 -WHAT CATCHES YOUR EYE IN THE STREET? AN IMMERSIVE

VIRTUAL REALITY STUDY OF THE EFFECTS OF BILLBOARDS-BASED TOBACCO PREVENTION POSTERS

This Chapter is currently submitted to Applied Psychology: health and well-being. Bonneterre, S., Zerhouni, O., & Boffo, M. (2022). What catches your eye in the street? An Immersive Virtual Reality study of the effects of billboards prevention posters toward tobacco. [Manuscript submitted for publication]

ABSTRACT

Preventive health campaigns suffer from shortcomings in evaluation methods and have been found to poorly reach the targeted population and impact targeted outcomes. We used immersive virtual reality (iVR) to systematically evaluate tobacco prevention billboard posters in a realistic virtual environment (VE) that mimicked natural exposure (i.e., incidental exposure). We evaluated the impact of prevention posters on their memorization and attitudes and cravings toward tobacco when presented simultaneously with advertising.

One hundred twenty-one undergraduate students, mostly female (82.5%), were invited to a guided walk in the VE where they were incidentally exposed to prevention and general advertising posters to a different ratio (80/20 or 20/80) depending on the experimental condition. Participants' gaze was eye-tracked during the entire procedure, and outcomes were assessed after the iVR exposure.

Results indicate that when incidentally exposed to both tobacco prevention and general advertising posters, attitudes toward tobacco are not significantly impacted. Memorization of prevention posters appeared to benefit from a contrasting effect when presented in an environment mostly including advertising posters, making them better memorized than advertising. Exposure to preventive posters did not elicit cravings. We suggest the use of iVR as a tool to systematically evaluate prevention campaigns and give advice for change in the way prevention campaigns are designed and implemented. Keywords: tobacco; smoking; health promotion; health prevention campaigns; immersive virtual reality; incidental exposure; advertising.

Limitations

The first limitation of this study is the sample composed of students, with only a few smokers mostly non-dependent on tobacco. Only a few males were included, and we found that men showed both better memorization scores for prevention posters (but not for advertising posters) and more positive attitudes toward tobacco. It might be likely that individuals with more positive attitudes toward tobacco have a bias when it comes to retaining tobacco information, such as smokers who tend to give more attention to smoking-related cues [START_REF] Baschnagel | Using mobile eye-tracking to assess attention to smoking cues in a naturalized environment[END_REF].

However, it might also be an effect of the low number of men, therefore replication and explicit recruitment of demographic subgroups based on gender and smoking status are needed to assess the robustness of our findings.

Another limitation is that the statistical models are essentially predictive of our outcomes (i.e., attitudes, memorization of prevention posters, cravings) via the covariates (FTND scores, gender), rather than the main predictors. This indicates the need to consider other variables potentially predictive of prevention posters perception, such as poster graphical layout and billboard location and size.

A last limitation stands in the external validity of our results: to really contrast the two conditions, we chose a ratio of 80/20 of preventive and general advertising posters. However, it is rare if not nonexistent to have more preventive posters displayed in real life urban environments than advertising ones. The ratio of posters is therefore not ecological, but it was a methodological choice to more effectively investigate the impact of preventive posters when displayed with general advertising. This study is the first to explore this situation; its aim was to give insights on what is more likely to happen in this kind of environment in a controlled VE setting, rather than recreating a real-life ratio. Replication should be conducted using multiple ratios (e.g., 50/50, 20/80, 10/90, 5/95) to explore the impact of ratio while mimicking proportions closer to real-life to enhance external validity. Also, tobacco can be displayed to

GENERAL DISCUSSION

APPENDIX Appendix A1. Experimental Material Construction

A1a. Creation of the virtual environment

We worked with Wonderment by Design to create the VE that was used for the experimental studies. We wanted to recreate a small Parisian-like suburban neighborhood in which participants could walk around for about 5 minutes and where billboards or displaying locations would be realistic.

Visuals, map, and billboards

To create the visual of the environment, we went to two Paris' suburbs (Saint-Germain-en-Laye and Puteaux), which have a small and pedestrian-friendly center. We did walk loops that took about five minutes to visit on foot (i.e., to recreate its equivalent in iVR), taking notes of how the city center was organized, and what kind of shops were around. Pictures of the street were taken, as well as pictures of any kind of billboard and display that was crossed during the walk (i.e., both promotional and prevention billboards). We ended up choosing three different types of billboards, for a total of 15 possible locations (see Figure A1a1): billboards against the wall (on the left, n = 4), billboards standing on the sidewalk (middle, n = 6), and wall-mounted display panels (right, n = 5).

A1b. Descriptive study to choose preventive posters

We conducted a short descriptive study to choose the posters we would use in each experimental study. We exposed participants to a list of posters (taken from existing smoking prevention campaigns) in an online Qualtrics survey and asked them to rate them on multiple items (e.g., valence, how relevant they think the poster was to prevent individuals from smoking) to generate a collection of 30 tobacco prevention posters, with ten positive, ten neutral, and ten negatively framed.

Method.

Participants. 401 undergraduate students (85.7% women, mean age=19.6, SD=3.22) from Paris Nanterre University were recruited from the University research platform for psychology studies. Participants were compensated with 0.5 credits for their participation. We asked participants about their smoking status, most were non-smokers (72.2%), smokers (16.7%), or former smokers (11.1%).

Material.

We conducted an online search to gather as many tobacco prevention posters from existing campaigns, using keywords such as "tobacco preventive posters" or "anti-tobacco posters". We ended up gathering a total of 45 posters, with equivalent resolution and quality to ensure usability within the VE.

Measures.

Participants rated each poster on three aspects: their valence, whether the perceived aim of the posters was to avoid or promote a behavior, and the perceived effectiveness of the poster. For each item, participants answered on a 0 to 100 scale. For the valence category, participants were asked to indicate whether the poster seemed more negative, neutral, or positive on three indicators: the overall poster, the graphic on the poster, and finally, the message on the poster.

Neutral posters

Translation of the posters, from left to right: "Here, a non-smoker has smoked 14 757 cigarettes. When you smoke next to a non-smoker, he smokes too", "He does not speak but cough very well already" and "Knowing that smoking for a long time, even in small quantities, increases cancer risk, is to be able to take action" Translation of the posters, from left to right: "Smoking causes premature aging", "Quit smoking" and "Motivated? Freedom on the line".

A1c. General Advertising posters.

No study was conducted to choose general advertising posters. We selected 10 posters that were real advertising posters, and five different commercial products were depicted (cars, food, beverage, fragrances, and sport). Each product was represented by two distinct brands, but with similar-looking posters (e.g., the two car brands depicted a similar type of car, in the same shades of color). Cravings: desire to use a drug.

Cybersickness: symptoms (e.g., headaches, dizziness, nausea) due to motion sickness happening in the virtual environment.

Directed Gaze: eye-tracking score (used in Studies 1, 2, and 3) indicating to what extent participants directed their gaze toward posters (i.e., more sustained attention) and is computed automatically by the eye-tracking system -for each participant and averaged across posters.

More precisely, Directed Gaze calculates the percentage of the area the billboard takes up on the screen, transform it on a score from 0 to 20, and it is added up depending on the time the billboard is spent in the field of view (e.g., if a billboard takes 10% of the screen, it is transformed to a score a 2, and this score is added up every up 0.2 seconds to give Directed Gaze). Consequently, the more participants have the poster in their field of view, and the more it takes up space, the higher the Directed Gaze score.

Exposure Duration: eye-tracking score (used in Studies 1, 2, and 3) indicating the total amount of time (in milliseconds) posters are in the field of view of the participant, independently of whether participants' gaze is directed at them (i.e., posters could also be in the peripherical view).

Forced exposure: individuals are directly watching content (e.g., preventive poster) and are processing it as the primary task.

Incidental exposure: individuals are doing a primary task (e.g., waking in the street, watching a sporting event) that focuses their attention while being exposed to content without being consciously or directly aware of its presence and/ or without actively processing its content (e.g., preventive posters, brand banners).

Immersion: virtual reality devices' ability to block sensorial inputs from the "real" world and enable users to move as close to natural movement as possible.

IQOS cigarettes: type of electronic cigarette.

Presence: individuals' ability to respond and interact with the virtual environment and its virtual agent as they would in a real-life setting, at neural, behavioral, and psychological levels.

Primary Prevention: prevention aimed at preventing disease or injuries before they occurred (e.g., encouraging individuals to adopt healthy habits on a regular such as exercising).

Secondary Prevention: prevention used to detect and reduce the impact of diseases or injuries in their early stages, either to prevent it from happening again or limit their spread (e.g., reducing or quitting smoking after a stroke).

Tertiary Prevention: prevention aimed at limiting the impact of diseases or injuries on individuals' lives (e.g., rehabilitation programs).

Virtual agent: representation of a computer-directed character in the virtual environment.