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This thesis is the continuation of a long-term research that started as digital arts and social activism and entered the dimension of cognitive psychology. The challenge of exploring

Titre : "XR Body Swap" : outils pédagogiques pour l'empathie : conception et mise en oeuvre interdisciplinaires d'expériences d'apprentissage en réalité étendue (RX) pour améliorer les capacités empathiques

Résumé

Que serait le monde si nous pouvions utiliser une machine à échanger des corps pour apprendre à se mettre à la place de l'autre ? Les capacités empathiques aident l'évolution humaine en nous permettant de nous comprendre les uns les autres, de nous connecter émotionnellement, d'apprendre des actions des autres, de nous aider mutuellement et d'avoir le potentiel pour mener à une société prosociale. Empathie corporelle, affective et cognitive ; détresse empathique ; comportement altruiste. Ce sont des phénomènes liés à l'empathie qui nous aident à ressentir et à comprendre ce que c'est que d'être dans la situation d'une autre personne -de marcher à sa place -, façonnant notre perception et notre comportement par rapport aux autres et à la réalité qui nous entoure. Le manque d'empathie s'observe dans les stéréotypes négatifs, les préjugés sociaux et la déshumanisation, étant profondément ancré dans les relations entre groupes, remettant en cause la pratique de l'éthique dans une société mondialisée qui affirme que tous les individus ont les mêmes droits. Pour atteindre cet objectif égalitaire, il faut développer les capacités empathiques de l'individu à grande échelle, ce qui ne peut se faire que par l'engagement des systèmes éducatifs du monde entier. Mais l'empathie ne fait pas partie de la plupart des programmes scolaires et universitaires, bien que ces capacités puissent être apprises par le cerveau et le corps d'un individu. Sa formation est incluse dans plusieurs pédagogies qui comprennent les dimensions socio-émotionnelles de l'apprentissage qui pourraient être renforcées par les technologies. Ces dernières années, la recherche en neurosciences et en psychologie cognitive a utilisé les technologies de la réalité virtuelle et de la télé présence pour manipuler la perception que l'individu a de lui-même et de l'autre. Dans ces expériences d'échange de corps (ou Body Swap), des interventions multisensorielles immersives et réalistes induisent chez les participants l'illusion d'échanger leur corps avec une autre personne. Ce déplacement de la perception du corps d'un individu dans la perspective d'une autre personne peut affecter les préjugés raciaux implicites et le comportement altruiste envers les personnes exclues de son propre groupe, même longtemps après l'exposition aux casques d'écoute immersifs. Alors que la technologie devient rapidement accessible et que l'industrie créative a proposé des utilisations concrètes de la radio pour promouvoir l'empathie, sa mise en œuvre potentielle en tant qu'outil pédagogique dans des contextes traditionnels n'a guère été analysée ou explorée jusqu'à présent. Dans le but de contribuer à combler cette lacune, nous décrivons, analysons et discutons l'utilisation des interventions de Body Swap dans les environnements éducatifs, son potentiel et ses limites, en proposant un cadre sur la façon d'utiliser cette technologie incorporée comme un outil pédagogique à grande échelle pour l'empathie.

Mais que signifie être empathique ? Comment les méthodes éducatives peuvent-elles y contribuer ? Comment la technologie peut-elle améliorer ces méthodes ? Notre recherche vise à répondre à ces questions, en proposant un cadre pour le développement de nouvelles expériences qui peuvent soutenir le développement d'une société plus compatissante.

Commençons par la notion d'empathie. Ce mot a été utilisé par la presse générale pour désigner une série de constructions liées à la compréhension des perspectives et des sentiments des autres. Dans notre recherche, nous avons choisi des définitions utilisées en neurosciences sociales pour nommer chaque phénomène spécifique et comprendre leurs interrelations. Par conséquent, nous identifierons l'empathie (ou empathie affective) comme un état affectif lié au fait de se sentir comme les autres sans mélanger ses propres émotions avec l'état affectif de l'autre [START_REF] De Vignemont | The empathic brain: how, when and why?[END_REF][START_REF] Decety | The functional architecture of human empathy[END_REF][START_REF] Singer | The social neuroscience of empathy[END_REF].

L'empathie est profondément liée à la compréhension des pensées et des sentiments d'une autre personne, également connue sous le nom d'empathie cognitive [START_REF] Reniers | The QCAE: a questionnaire of cognitive and affective empathy[END_REF]. L'empathie affective est également liée à un phénomène différent appelé compassion, qui représente une gentille préoccupation pour autrui [START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. La compassion peut conduire à l'altruisme, qui est une motivation ayant pour but ultime le bien-être d'autrui. L'altruisme est corrélé à un comportement d'aide (Batson, 2011), qui est également décrit comme se produisant même à un coût personnel [START_REF] De Waal | Putting the altruism back into altruism: the evolution of empathy[END_REF]. Nous avons tendance à penser qu'une société composée d'individus ayant des capacités empathiques très développées peut être juste, pacifique et tolérante. Mais il existe une grande limite naturelle à l'empathie : la séparation entre "nous" et "les autres". D'une part, les êtres humains ont tendance à avoir une empathie et un comportement altruiste extraordinaires envers des individus qui leur sont familiers ou proches [START_REF] Mathur | Neural basis of extraordinary empathy and altruistic motivation[END_REF]. D'autre part, la catégorisation des individus en "hors-groupes" -par exemple en raison de leur race, de leur origine, de leur religion ou de leur idéologie -peut réduire ou bloquer complètement notre réponse empathique [START_REF] Cosmides | Perceptions of race[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF][START_REF] Amodio | The social neuroscience of intergroup relations[END_REF]. En d'autres termes, la discrimination entre "nous" et "les autres" sabote notre engagement envers nos propres valeurs personnelles et sociales. En outre, cette séparation entre groupes n'a pas besoin d'être objective, elle se produit également à des niveaux implicites et interfère avec le comportement des personnes qui sont engagées dans des objectifs égalitaires [START_REF] Correll | The police officer's dilemma: using ethnicity to disambiguate potentially threatening individuals[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. Mettre en évidence les similitudes ou les différences entre différents individus peut les amener à se comporter de manière plus altruiste ou à refuser de soutenir d'autres personnes dans le besoin, respectivement [START_REF] Levine | Identity and emergency intervention: how social group membership and inclusiveness of group boundaries shape helping behavior[END_REF].

Une approche intéressante pour surmonter les obstacles entre groupes, comme le racisme, par exemple, consiste à stimuler la notion d'identité de groupe partagée [START_REF] Gaertner | The Common Ingroup Identity Model: Recategorization and the Reduction of Intergroup Bias[END_REF][START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF] en recadrant les perceptions entre groupes et en induisant par conséquent des expressions plus empathiques. En résumé, la recherche scientifique suggère que le fait d'avoir une disposition empathique générale peut ne pas être suffisant pour que la société se comporte conformément à ses objectifs égalitaires. En outre, les individus doivent également apprendre à surmonter les barrières subjectives qui les séparent. Nous devons apprendre à reconnaître une partie de nous-mêmes chez les autres, et à reconnaître les autres comme faisant partie de nous-mêmes.

Récemment, des recherches en psychologie et en sciences cognitives utilisant les technologies de réalité étendue (XR) -comme la réalité virtuelle et la téléprésence -ont appliqué ces idées pour promouvoir les illusions perceptuelles chez les individus en superposant leur identité corporelle à celle d'un groupe extérieur [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. En changeant la couleur de la peau des participants [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF], ou en leur faisant se voir comme une personne devenant sans-abri [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF], les chercheurs ont pu réduire les biais implicites et promouvoir un comportement altruiste. Ces technologies manipulent la cognition corporelle d'un individu en lui faisant percevoir le corps d'une autre personne comme le sien pendant quelques instants : un effet qui affecte les individus même après la fin de l'expérience [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]Kilteni et al., 2012 ;[START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. Cette recherche est dérivée du paradigme classique de l'illusion des mains en caoutchouc [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF], qui induit ce que l'on appelle l'illusion de la propriété du corps. Grâce à des casques de réalité virtuelle immersifs, les chercheurs ont pu étendre l'illusion de percevoir un bras différent comme son propre bras à des expériences de Body Swap complet. En portant un casque XR, les participants peuvent se déplacer, se voir dans le miroir, sentir le toucher et même interagir avec d'autres personnes du point de vue d'un autre corps (Kilteni et al., 2012 ;[START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF][START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. Il est intéressant de noter que les technologies immersives à XR se sont avérées efficaces pour donner aux expériences simulées une impression de réalité et pour faire réagir les participants comme s'ils étaient dans une situation réelle (par exemple : sourire en retour à un avatar), et même modifier leur comportement physique par la suite -par exemple : changer la hauteur de leur voix après avoir incarné un enfant - [START_REF] Slater | Transcending the Self in Immersive Virtual Reality[END_REF]. En outre, ce sentiment réaliste se produit alors que les participants sont conscients de leur condition réelle (par exemple : leur corps réel n'a pas changé) [START_REF] Slater | Transcending the Self in Immersive Virtual Reality[END_REF]. Dans l'ensemble, les preuves suggèrent que les technologies XR offrent la possibilité de téléporter la perception subjective d'un participant vers la perspective d'une autre personne, lui permettant d'interagir dans une expérience réaliste qui est médiée par une subjectivité virtuelle (Pares & Pares, 2006). Ce type de média peut interférer dans notre modélisation cognitive [START_REF] Riva | From virtual to real body: Virtual reality as embodied technology[END_REF][START_REF] Riva | Brain and Virtual Reality: What Do they Have in Common and How to Exploit their Potential[END_REF], étant un outil extrêmement persuasif [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. En d'autres termes, les technologies XR sont un outil puissant qui peut nous aider à pirater notre propre esprit, et donc nous aider à surmonter les incohérences entre nos intentions et nos comportements.

La notion de piratage de son propre esprit peut être mieux comprise dans les pratiques de pleine conscience ("mindfulness"), qui visent à offrir aux participants des outils pour s'entraîner à réguler leurs émotions en surmontant, par exemple, l'anxiété et le stress [START_REF] Kabat-Zinn | An outpatient program in behavioral medicine for chronic pain patients based on the practice of mindfulness meditation: theoretical considerations and preliminary results[END_REF][START_REF] Baer | Mindfulness training as a clinical intervention: a conceptual and empirical review[END_REF][START_REF] Grossman | Mindfulness-based stress reduction and health benefits. A meta-analysis[END_REF][START_REF] Galante | Effect of kindness-based meditation on health and well-being: a systematic review and meta-analysis[END_REF][START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF] ; à modifier les jugements et les comportements sociaux explicites [START_REF] Payne | Conceptualizing control in social cognition: how executive functioning modulates the expression of automatic stereotyping[END_REF], ainsi que les préjugés implicites [START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF][START_REF] Kang | The nondiscriminating heart: lovingkindness meditation training decreases implicit intergroup bias[END_REF] ; à développer la prise de perspective [START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF][START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF] ; et à renforcer les motivations altruistes [START_REF] Condon | Meditation increases compassionate responses to suffering[END_REF]. Cette pratique séculaire adaptée des anciennes techniques de méditation est un exemple de la manière dont les méthodes d'entraînement peuvent aider les individus à devenir plus empathiques. Dans le cadre d'une approche éducative, différents cadres et pédagogies ont offert des outils pouvant être mis en oeuvre pour un large spectre d'éducation afin d'aider les individus à développer des capacités empathiques. Parmi ceux-ci, on peut citer l'éducation à la citoyenneté mondiale de l'UNESCO (2014) et l'apprentissage socio-affectif (Collaborative for Academic, Social and Emotional Learning (casel.org), 2005), qui proposent de fournir une formation à long terme, d'impliquer l'ensemble de la communauté éducative, de construire un environnement d'apprentissage sûr qui valorise et cultive les compétences socioaffectives et de relever directement les défis sociétaux du XXIe siècle en allant au-delà des programmes traditionnels.

Dans notre travail de thèse, nous adoptons une perspective interdisciplinaire pour relier ces trois domaines de connaissance : les constructions de l'empathie et les interactions entre groupes définies par les sciences sociales et les neurosciences ; les technologies immersives qui explorent la modélisation cognitive ; et les approches éducatives pour développer l'empathie.

Nous voyons une nette opportunité d'améliorer les stratégies d'apprentissage, au moins en partie, par des outils pédagogiques qui utilisent le XR Body Swap pour promouvoir l'empathie.

Alors que la technologie des XR devient de plus en plus accessible, très peu d'initiatives proposent des échanges de corps en XR comme interventions de formation à l'empathie en dehors du contexte d'une étude en laboratoire, et à notre connaissance, il n'existe aucune initiative pour que ces interventions de formation soient axées sur les élèves ou les enseignants.

Par conséquent, notre recherche se concentre sur l'exploration de l'utilisation des technologies XR échelonnables par les systèmes éducatifs pour favoriser les expressions empathiques. Pour ce faire, nous avons étudié différentes hypothèses liées à l'utilisation de versions à petit budget des technologies de Body Swap et la manière dont elles peuvent affecter les expressions d'empathie ; en outre, nous avons exploré la faisabilité de leur mise en oeuvre en dehors d'un laboratoire, dans des contextes culturels ou éducatifs réels. Nous discutons également de la manière dont de nouvelles interventions de formation pourraient être développées pour répondre aux problèmes concrets liés à l'empathie qui doivent être résolus dans le système éducatif.

Dans cette thèse, nous commençons au chapitre I (analyse de la littérature) par définir les phénomènes empathiques et intergroupes dans une perspective de science cognitive et de psychologie sociale. Nous décrivons également les bonnes pratiques en matière de pédagogie éducative et de formation pour le développement des capacités empathiques. Ensuite, nous présentons des stratégies d'utilisation de la technologie des XR pour manipuler la cognition corporelle afin de stimuler l'empathie intergroupe. Suit la description d'un système Creative Commons appelé "The Machine to Be Another", créé par l'auteur principal de cette thèse en collaboration avec le groupe artistique interdisciplinaire BeAnotherLab. "The Machine" et ses variations ont été conçues pour fournir des expériences de Body Swap accessibles, axées sur l'empathie, et ont été utilisées dans la présente recherche comme stimuli XR.

Dans le chapitre II (Problématique), nous présentons notre approche de la recherche basée sur la conception pédagogique qui consiste à mettre en oeuvre une série de tests, de reconception et de re-tests pour résoudre ce problème complexe (promouvoir l'empathie entre les groupes) et fournir, comme résultat final, des principes de conception qui peuvent guider les futures recherches sur le sujet. Nous définissons également le principal problème abordé dans notre travail de thèse, qui porte sur la question suivante : "Comment les XR Body Swaps échelonnables affectent-ils les capacités empathiques intergroupes des étudiants dans les établissements d'enseignement publics ? Ensuite, nous avons déconstruit la problématique en trois objectifs différents, liés à (a) l'efficacité des stimuli à XR à peu de ressources pour générer l'incarnation et l'empathie ; (b) son efficacité pour engager les participants ; et (c) la faisabilité de la mise en oeuvre de ces systèmes dans des contextes éducatifs réels. En outre, ce chapitre aborde les critères adoptés pour le choix d'un stimulus à partir de peu de ressources et présente le cadre que nous avons adopté pour une approche éthique tout au long de la recherche.

Dans le chapitre III (Recherche empirique), nous présentons quatre études différentes, chacune étant une mise en oeuvre de nos recherches qui ont évolué tout au long du processus. L'étude 1 est une expérimentation corrélationnelle qui explore l'utilisation d'un type de système de Body Swap conçu pour deux personnes qui échangent leurs perspectives en temps réel et qui a été mis en oeuvre dans un cadre artistique pour des participants qui se connaissaient. Cette première mise en oeuvre analyse la corrélation des variables de l'incarnation, de l'empathie et de l'engagement. En outre, elle fournit également une observation exploratoire concernant la mise en oeuvre du système pour un grand nombre de participants en dehors du cadre du laboratoire.

Les deux études suivantes sont des expériences expérimentales contrôlées randomisées mises en oeuvre lors d'ateliers destinés à des étudiants de niveau secondaire moyen, qui adoptent un système différent d'échange de corps XR évolutif. Dans les études 2 et 3, nous présentons deux documentaires préenregistrés à la première personne sous deux dynamiques pédagogiques différentes : une à l'intérieur d'une école et une autre dans une bibliothèque publique accueillant une visite d'école. Ils fournissent une analyse des données relatives à l'incarnation, l'empathie et l'engagement, ainsi que des observations exploratoires sur la faisabilité de ces différents formats dans des contextes éducatifs. Enfin, l'étude 4 est une expérience corrélationnelle menée dans le cadre d'ateliers individuels pour les étudiants universitaires, afin d'explorer plus avant certaines hypothèses liées à l'incarnation, à l'ouverture intergroupe et au comportement altruiste.

Les preuves recueillies tout au long de nos recherches démontrent que les illusions de propriété du corps peuvent être efficacement produites par les systèmes de XR Body Swap en utilisant des stimuli multisensoriels à base de basses ressources, ce qui peut augmenter l'engagement des participants et offrir un grand potentiel de haute scalabilité. En outre, ces types de systèmes peuvent être utilisés pour présenter des contenus liés à des histoires réelles de personnages représentant des groupes extérieurs et, de cette façon, ils ont un effet positif sur les expressions d'empathie comme l'ouverture d'esprit entre les groupes, l'empathie déclarée envers d'autres individus et le comportement altruiste. Même ainsi, étant donné que nous considérons que le contexte des interventions a un impact direct sur sa mise en oeuvre et ses évaluations, il est recommandé de mener des recherches futures pour confirmer les résultats de chaque étude dans un contexte spécifique. En outre, nous recommandons que les recherches futures adoptent idéalement des évaluations comportementales, plutôt que de se baser uniquement sur des questionnaires auto-déclarés, combinées à des évaluations qualitatives qui peuvent fournir des informations plus subtiles sur les effets de ces interventions Dans le chapitre IV (Discussion et perspectives), nous discutons et comparons les résultats des quatre études mentionnées en les comparant entre elles et dans le contexte de la revue de la littérature, en tirant des conclusions générales et des implications sur l'utilisation des technologies de XR Body Swap comme outils pédagogiques pour l'empathie. En outre, nous présentons les principes de design pour la conception du XR Body Swap pour augmenter l'empathie qui est synthétisé sur un cadre de référence de travail en cours condensant les principaux apprentissages et stratégies recueillis tout au long de notre recherche. Enfin, nous présentons nos perspectives de recherche future sous un nouveau thème : la formation à l'empathie pour les enseignants en relation avec les étudiants souffrant de troubles de l'apprentissage. Nous décrivons également le processus d'ingénierie derrière le développement du prototype qui a déjà commencé dans cette direction et qui utilise comme principe directeur le cadre proposé dans notre discussion. Dans l'ensemble, les preuves présentées dans ce travail de thèse nous ont amenés à conclure que les XR Body Swaps peuvent être utilisés pour contribuer aux capacités empathiques et le feraient mieux s'ils étaient intégrés à des pédagogies qui promeuvent les capacités d'empathie. D'autre part, les XR Body Swaps peuvent également stimuler l'intégration des réflexions sur l'empathie dans les systèmes éducatifs traditionnels, ce qui pourrait influencer la culture des environnements et des politiques éducatives et contribuer à pousser la société vers une coexistence compatissante. 

Mots clefs :

Abstract

What would the world be like if we could use a Body Swap machine to learn how to step into the shoes of one another? Empathic abilities help human evolution by letting us understand each other, connect emotionally, learn from the actions of others, provide mutual help and have the potential to lead to a pro-social society. body, affective and cognitive empathy; empathic concern; altruistic behaviour: these are inter-connected empathy-related phenomena that help us to feel and to understand what it is like to be in the situation of another personto walk in their shoesshaping our perception and behaviour regarding others and the reality that surrounds us. A lack of empathy is observed in negative stereotypes, social biases and dehumanisation, being deeply embedded in intergroup relations, challenging the practice of ethics in a globalised society which states that all individuals have the same rights. Achieving this egalitarian goal requires the development of individuals' empathic capacities on a large scale, which can be only achieved through the engagement of educational systems worldwide. But empathy is not part of most school and university curricula, although these capacities can be learned by one's brain and body. Its training is included in several pedagogies that comprehend social-emotional dimensions of learning that could be empowered by technologies.

In recent years, research on neuroscience and cognitive psychology has used XR technologies, such as Virtual Reality and Telepresence, to manipulate an individual's perception of self and of the other. In these Embodied XR (or Body Swap) experiences, immersive realistic multisensorimotor interventions give participants the illusion of swapping bodies with another person. This displacement of one's body perception into the perspective of another individual has been seen to affect an individual's implicit racial biases and altruistic behaviour towards outgroups, even long after the exposure to immersive headsets. While technology is becoming rapidly accessible, and the creative industry has proposed concrete uses of XR to promote empathy, its potential implementation as a pedagogical tool for traditional settings has not been extensively analysed or explored up to this point. Aiming to contribute to filling this gap, we describe, analyse, and discuss the use of Body Swap interventions in educational environments, their potential and limitations, proposing a framework for how to use this embodied technology as a large-scale pedagogical tool for empathy. 

Introduction

"Education must fully assume its essential role in helping people to forge more just, peaceful and tolerant societies."

UN Secretary-General Ban Ki-moon, 26 September 2012 at the launch of the Secretary General's Global Education First Initiative (GEFI) Seventy-two years have passed since the world committed to a universal declaration of human rights, when we committed to share our humanity with all individuals, without any sort of group discrimination. In that period, the world has become interconnected and interdependent as never before. Technology and information have changed the way we live, work, learn, fall in love, and connect. Information became accessible, and so did the possibility to interact with someone from the other side of the planet in real time. Moreover, feminism achieved many rights for women, a global debate on guaranteed minimum income was strengthened, and minorities were empowered. Even so, humanity did not manage to fully behave as it has proclaimed to intend.

Gender violence is still endemic; inequality is rising; state violence targeted against individuals due to their skin colour is only starting to provoke global outrage; families with young children running from wars still struggle to be accepted, many times being labelled as a social burden, or potential terrorists; xenophobia is gaining popularity again. We still live in a world surrounded by walls that are not just political or geographical, but also subjective. These invisible barriers divide human beings between "we" and "them" reducing our ability to empathise with each other [START_REF] Gaertner | The Common Ingroup Identity Model: Recategorization and the Reduction of Intergroup Bias[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF][START_REF] Amodio | The social neuroscience of intergroup relations[END_REF] and preventing us from building a tolerant and fair humanity. It is in this context that the word 'empathy' becomes more and more used by the general media, and even in the domains of design, medicine, corporations, the economy, education [START_REF] Rifkin | The Empathic Civilization: The Race to Global Consciousness in a World in Crisis[END_REF]. To be consistent with the egalitarian values that we have committed to in the Universal Declaration of Human Rights, a drastic change in society is needed.

In an interview for People for the Ethical Treatment of Animals (PETA [2011]), scientist and communicator Dr. Neil deGrasse Tyson suggested "humans aren't as good as we should be in our capacity to empathize with feelings and thoughts of others, be they humans or other animals on Earth, so maybe part of our formal education should be training in empathy. Imagine how different the world would be if it were reading, writing, arithmetic ... empathy". In fact, a planet where educational systems value, practice, cultivate and foster empathy capacities would likely achieve the egalitarian goals proposed by the 1948's Universal Declaration of Human Rights.

And indeed, many pedagogies, training and education frameworks have proposed concrete ways to include social emotional skillssuch as empathyin education (UNESCO, 2014; Collaborative for Academic, Social and Emotional Learning (casel.org), 2005; [START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF]. Moreover, a new type of immersive technology has shown great potential to add an important contribution to pedagogical approaches through experiences that can help us to hack our minds in order to become more empathic [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF].

But what does it mean to be empathic? How may educational methods contribute to it? How can technology improve those methods? Our research aims to answer these questions, proposing a framework for developing new experiences that can support the development of a more compassionate society.

Let us start with the notion of empathy. This word has been used by the general press referring to a series of constructs related to understanding the perspectives and feelings of others. In our research, we have chosen definitions used in social neuroscience to name each specific phenomenon and understand their interrelationships. Therefore, we will identify empathy (or affective empathy) as an affective state related to feeling like others without mixing one's own emotions with the other's affective state [START_REF] De Vignemont | The empathic brain: how, when and why?[END_REF][START_REF] Decety | The functional architecture of human empathy[END_REF][START_REF] Singer | The social neuroscience of empathy[END_REF]. Empathy is deeply related to the understanding of the thoughts and feelings of another person, also known as cognitive empathy [START_REF] Reniers | The QCAE: a questionnaire of cognitive and affective empathy[END_REF].

Affective empathy is also related to a different phenomenon called empathic concern, or compassion, that stands for a loving kindness and concern for another [START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. Compassion can lead to altruism, which is a motivation with the ultimate goal of the wellbeing of another. Altruism is correlated with helping behaviour (Batson, 2011), which is also described as happening even at personal cost [START_REF] De Waal | Putting the altruism back into altruism: the evolution of empathy[END_REF]. We tend to think that one society composed of individuals with highly developed empathic capacities would likely meet the expectations mentioned by the initial quote of this introduction: just, peaceful, and tolerant.

But there is one great natural limitation of empathy: the separation between 'we' and 'others'.

On the one hand, human beings tend to have extraordinary empathy and altruistic behaviour towards individuals that are familiar or close to them [START_REF] Mathur | Neural basis of extraordinary empathy and altruistic motivation[END_REF]. On the other hand, the categorisation of individuals as 'outgroups'for example due to race, origin, religion, ideologycan reduce or completely block our empathic response [START_REF] Cosmides | Perceptions of race[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF][START_REF] Amodio | The social neuroscience of intergroup relations[END_REF]. In other words, the discrimination between 'we' and 'others' sabotages our commitment to our own personal and social values. Moreover, this intergroup separation does not need to be objective, happening also at implicit levels and interfering with the behaviour of people who are committed to egalitarian goals [START_REF] Correll | The police officer's dilemma: using ethnicity to disambiguate potentially threatening individuals[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. Highlighting similarities or differences between different individuals can make them behave more altruistically or deny support for others in need respectively [START_REF] Levine | Identity and emergency intervention: how social group membership and inclusiveness of group boundaries shape helping behavior[END_REF]. One interesting approach for overcoming intergroup barriers such as racism, for example, is to stimulate the notion of shared group identity [START_REF] Gaertner | The Common Ingroup Identity Model: Recategorization and the Reduction of Intergroup Bias[END_REF][START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF] reframing intergroup perceptions and consequently inducing more empathic expressions. In summary, scientific research suggests that having a general empathic disposition may not be enough to make society behave in line with its egalitarian goals. Besides that, individuals must also learn to overcome the subjective barriers that separate them. We must learn to recognise part of ourselves in others, and to recognise others as part of ourselves.

Recently, research on psychology and cognitive sciences using extended reality (XR) technologieslike Virtual Reality and Telepresencehave applied these ideas to promote perceptual illusions in individuals by overlapping their body identity with the body identity of an outgroup [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. By changing the skin colour of participants [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF], or making them see themselves as someone becoming a homeless person [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF] researchers were able to reduce implicit biases and induce altruistic behaviour. These technologies manipulate an individual's body cognition making them perceive another person's body as their own for a few moments: an effect that affects individuals even after the experience is finished [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]Kilteni et al., 2012;[START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. This research is derived from the classic paradigm of the Rubber Hand Illusion [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF], that induces the so-called Body Ownership Illusion. Through immersive virtual reality headsets, researchers were able to extend the illusion of perceiving a different arm as one´s own arm to full Body Swap experiences. By wearing a XR headset, participants can move, see themselves in the mirror, feel touch and even interact with other individuals from the perspective of another body (Kilteni et al., 2012;[START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF][START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. Interestingly, immersive XR technologies were shown to be effective in making simulated experiences feel real, and making participants react as if they were in a real situation (e.g.: smile back to an avatar), and even change their physical behaviour afterwardse.g.: change the pitch of their voice after embodying a child - [START_REF] Slater | Transcending the Self in Immersive Virtual Reality[END_REF]. Furthermore, this realistic feeling happens while participants are aware of their real condition (e.g.: their real body has not changed) [START_REF] Slater | Transcending the Self in Immersive Virtual Reality[END_REF]. Taken together, evidence suggests that XR technologies offer the possibility to tele transport a participant's subjective perception to another's person perspective, allowing them to interact in a realistic experience that is mediated by a virtual subjectiveness (Pares & Pares, 2006). This type of media can interfere in our cognitive modelling [START_REF] Riva | From virtual to real body: Virtual reality as embodied technology[END_REF][START_REF] Riva | Brain and Virtual Reality: What Do they Have in Common and How to Exploit their Potential[END_REF], being an extremely persuasive tool [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. In other words, XR technologies are a powerful tool that can help us to hack our own mind, and therefore help us to overcome inconsistencies between our intentions and behaviours.

The notion of hacking one's own mind can be more clearly understood in mindfulness practices, that aim to offer tools for participants to train how to regulate emotions by, for example, overcoming anxiety and stress [START_REF] Kabat-Zinn | An outpatient program in behavioral medicine for chronic pain patients based on the practice of mindfulness meditation: theoretical considerations and preliminary results[END_REF][START_REF] Baer | Mindfulness training as a clinical intervention: a conceptual and empirical review[END_REF][START_REF] Grossman | Mindfulness-based stress reduction and health benefits. A meta-analysis[END_REF][START_REF] Galante | Effect of kindness-based meditation on health and well-being: a systematic review and meta-analysis[END_REF][START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF]; to change explicit social judgments and behaviours [START_REF] Payne | Conceptualizing control in social cognition: how executive functioning modulates the expression of automatic stereotyping[END_REF], as well as implicit biases [START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF][START_REF] Kang | The nondiscriminating heart: lovingkindness meditation training decreases implicit intergroup bias[END_REF]; to develop perspective taking [START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF][START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF]; and to enhance altruistic motivations [START_REF] Condon | Meditation increases compassionate responses to suffering[END_REF]. This secular practice adapted from ancient meditation techniques is one example of how training methods may help individuals to become more empathic. Under an educational approach, different frameworks and pedagogies have offered tools that can be implemented for a large educational spectrum to help individuals to develop empathic capacities. Among them are Global Citizenship Education UNESCO (2014), and Social-Emotional Learning (Collaborative for Academic, Social and Emotional Learning (casel.org), 2005), that propose to provide long-term training; to engage the whole educational community; to build a safe environment for learning that values and cultivates socio-emotional skills; and to address directly the societal challenges of the XXI century going beyond traditional curricula.

In our thesis work, we adopt an interdisciplinary perspective to connect these three domains of knowledge: constructs of empathy and intergroup interactions defined by social and neurosciences; immersive technologies that explore cognitive modelling; and educational approaches for developing empathy. We see a clear opportunity for enhancing learning strategies, at least in part, through pedagogical tools that make use of XR Body Swap to promote empathy. While XR technology is becoming increasingly accessible, very few initiatives offer XR Body Swaps as training interventions for empathy outside the context of a lab study, and to our knowledge, there are no initiatives for those training interventions to focus on school students or teachers. Therefore, our research is focused on exploring the use of scalable XR technologies by educational systems to foster empathic expressions. To do so, we investigated different hypotheses related to the use of low-budget versions of Body Swap technologies and how they can affect empathy expressions; in addition, we explored the feasibility of their implementation outside a laboratory, in real-life cultural or educational settings. We also discuss how new training interventions could be developed to address concrete issues related to empathy that need to be solved in the educational system.

In this thesis, we start in Chapter I (Literature Review) by defining empathic and intergroup phenomena under a cognitive science and social psychology perspective. We also describe good practices in educational pedagogies and training for the development of empathic capacities.

Then, we present strategies for using XR technology to manipulate body cognition to stimulate intergroup empathy. This is followed by the description of a Creative Commons system called "The Machine to Be Another", created by the main author of this thesis together with the interdisciplinary art group BeAnotherLab. "The Machine" and its variations were designed to provide accessible Body Swap experiences focused on empathy and were used in the present research as the XR stimuli.

In Chapter II (Problematics), we introduce our approach to educational design-based research that consists of implementing a series of enactments of testing, re-design and re-testing to address this complex problem (promote intergroup empathy) and provide, as a final outcome, design principles that can guide future research on the topic. We also define the main problem addressed in our thesis work, which relates to the question "How do scalable XR Body Swaps affect intergroup empathic abilities among students in public educational settings?". Then, we deconstructed the problematics in three different goals, related to (a) the efficiency of lowresources XR stimuli in generating embodiment and empathy; (b) its efficiency in engaging participants; and (c) the feasibility of implementation of these systems in real life educational settings. Furthermore, this chapter addresses the criteria adopted for choosing a low-resources stimulus and presents the framework we adopted for an ethical approach throughout the research.

In Chapter III (Empirical Research), we present four different studies, each one an enactment of our research that evolved throughout the process. Study 1 is a correlational experiment that explores the use of one type of Body Swap system designed for two individuals that exchange perspective in real time and was implemented in an artistic setting for participants who were familiar to each other. This first enactment analyses the correlation of variables of embodiment, empathy, and engagement. Besides that, it also provides an exploratory observation regarding the implementation of the system for a large number of participants outside laboratory settings.

The following two studies are randomised controlled trial experiments implemented during workshops for mid-high school students, that adopt a different system of scalable XR Body Swap. In Studies 2 and 3 we present two different pre-recorded first-person documentaries under two different pedagogical dynamics: one inside a school and another inside a public library hosting a school visit. They provide data analysis related to embodiment, empathy, and engagement, as well as exploratory observations related to the feasibility of these different formats in educational settings. Finally, Study 4 is a correlational experiment conducted through individual workshops for university students, to further explore some hypotheses related to embodiment, intergroup openness, and altruistic behaviour.

In Chapter IV (Discussion and Perspectives), we discuss and compare findings from the four mentioned studies by comparison between them and in the context of the literature review, drawing general conclusions and implications about the use of XR Body Swap technologies as pedagogical tools for empathy. Moreover, we present design principles for the design of XR Body Swap for raising empathy which is synthesised on a work-in-progress framework condensing the main learnings and strategies gathered throughout our research. Finally, we present our perspectives for future research under a new focus: providing training in empathy for teachers in relation to students with learning disorders. We also describe the engineering process behind the prototype development that has already started in that direction, and which uses as a guiding principle the framework proposed in our discussion.

Chapter I:

Interdisciplinary Framework

Understanding empathy and its moderators; pedagogies and training for empathic capacities; and XR Body Swap technologies that can foster intergroup empathy.

This chapter describes the theoretical landscape for different mechanisms of empathic practices through a review of concepts and practices that could be combined in the creation of new training methods for empathy using immersive Extended Reality (XR). It presents the content of a scientific review article published during this PhD research [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF], with some adaptations. In section (A), we explore definitions of empathy and empathy-related phenomena as abilities that can be trained in a way to drive healthy and prosocial responses.

Section (A) highlights, therefore, strategic abilities to be enhanced (cognitive empathy; compassion; intergroup openness; self-regulation) and responses to be avoided (i.e.: empathic distress). In a second part, Section (B), we present pedagogies and training methods for empathic capacities that do not make use of technology. Examples from educational practices are explored to point out insights on how to offer the necessary conditions and stimuli for learning empathic capacities that could be adapted in new approaches using XR technologies.

In the third part, Section (C), we highlight the potential of embodied Extended Reality (XR) in cognitive modelling, presenting scientific uses of immersive Body Swaps with the technological specificities that have shown efficiency in enhancing intergroup empathy. This section ends up by describing different variations of the artistic system The Machine to Be Another, designed as a scalable Body Swap tool for empathy, and which was used as a stimulus in the studies presented in Chapter III of this manuscript.

Section A: Empathic Capacities

Review of scientific definitions of different constructs related to empathy

In recent years, a diverse range of disciplines have investigated the roles played by the presence and absence of empathy and empathy-related phenomena in affecting prosocial behaviour and intergroup relations. Empathy can be defined as feeling the same emotion as another observed individual without mixing it with one's own direct experience [START_REF] De Vignemont | The empathic brain: how, when and why?[END_REF][START_REF] Decety | From emotion resonance to empathic understanding: a social developmental neuroscience account[END_REF][START_REF] Singer | The social neuroscience of empathy[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. Empathy is deeply related to social bonding and allows one to feel compelled to help another [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. This affective state is produced by the interaction of multiple neural circuits related to motor, cognitive, emotional, motivational, and behavioural functions [START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. These different functions are referred to in this article with the broad term empathy-related phenomena. They include perspective taking, affective empathy, empathic distress, empathic concern, and altruism, among others. Empathy-related phenomena are crucial for successful social interactions, allowing one to better understand the other, learn from the actions of others, and eventually provide help. Therefore, they may help societies to evolve through collaboration [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF].

On the one hand, a healthy collective empathic process can help individuals and societies to hold behaviours and cultural beliefs consistent with the moral perspective of maintaining human rights [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. On the other hand, some negative empathic responses may lead individuals to personal distress and burnout [START_REF] Hojat | The devil is in the third year: a longitudinal study of erosion of empathy in medical school[END_REF][START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF] and antisocial behaviour such as avoidance [START_REF] Batson | Distress and empathy: two qualitatively distinct vicarious emotions with different motivational consequences[END_REF][START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF]) and unfairness toward outgroup members [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF].

Empathic responses emerge at a noticeably young age. Altruistic responses to victims of stress, for example, can be found in babies as young as 12 months [START_REF] Warneken | The roots of human altruism[END_REF].

The level of empathy and prosociality increases from 14 to 36 months, being prosocial behaviour mainly affected by environmental effects [START_REF] Knafo | The developmental origins of a disposition toward empathy: genetic and environmental contributions[END_REF]. By that time, children develop a better sense of self and other awareness, and throughout childhood and adolescence they develop emotional regulation abilities [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. As children grow, they develop a more complex use of relational and contextual factors, goals, and beliefs [START_REF] Harris | The child's understanding of emotion: developmental change and the family environment[END_REF], affecting their capability for mature empathic processes [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF].

Empathic abilities are profoundly related to familiarity and affiliation to a group. We tend to develop empathy more easily towards those who are familiar to us or who we identify as part of our group [START_REF] Mathur | Neural basis of extraordinary empathy and altruistic motivation[END_REF]. In fact, the lack of intergroup empathy is a phenomenon deeply embedded in the way our society perceives and interacts with outgroups [START_REF] Kubota | The neuroscience of race[END_REF][START_REF] Eres | The influence of group membership on the neural correlates involved in empathy[END_REF][START_REF] Amodio | The neuroscience of prejudice and stereotyping[END_REF]. This lack of empathy is related to negative bias and stereotypes at implicit levels as well as to more explicit forms of racism and aggression [START_REF] Cosmides | Perceptions of race[END_REF].

A.1. Defining empathic phenomena through their interpersonal expressions

"Try to walk a mile in another person's shoes." This proverb, found in many cultures in the world, suggests a way to help us understand each other better, and relates to several empathyrelated responses. Imagine if we tried to follow this proverb literally and walk a mile in the shoes of someone in need. First, we would (a) move our own body, copying the other person's movements. Then we would (b) feel distressed for walking in their place and facing their needs.

Doing so, we would (c) understand what the other person is going through and would (d) understand what they are feeling. Also, we would (e) feel the emotions that the other feels in their trajectory. After doing so, we may feel the (f) desire to help this person. This desire could (g) drive us to help the other, even if that action is costly to ourselves. In the same order, under a psychological or neuroscientific perspective, we can identify the following empathy-related phenomena in this proverb. (a) Mimicry is a tendency to synchronise the affective expressions, vocalisations, postures, and movements of another person [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF]

. (b)

Empathic Distress is when one is personally distressed by the distress of another person [START_REF] Batson | Distress and empathy: two qualitatively distinct vicarious emotions with different motivational consequences[END_REF]. (c) Perspective taking is the cognitive ability to imagine the perspective of others [START_REF] Reniers | The QCAE: a questionnaire of cognitive and affective empathy[END_REF][START_REF] Myszkowski | Is the Questionnaire of Cognitive and Affective empathy measuring two or five dimensions? Evidence in a French sample[END_REF]. (d) Online simulation is the ability to predict other people's emotions [START_REF] Reniers | The QCAE: a questionnaire of cognitive and affective empathy[END_REF]. Perspective taking and online simulation are subfactors of cognitive empathy [START_REF] Reniers | The QCAE: a questionnaire of cognitive and affective empathy[END_REF]. (e) Affective empathy (or simply "empathy") means experiencing an isomorphic feeling in relation to others with a clear differentiation between self/other, knowing that the origin of the emotion comes from the other (de Vignemont and Singer, 2006;[START_REF] Singer | The social neuroscience of empathy[END_REF]. Therefore, affective empathy is related to the emotional engagement of the observer with the situation of the emoter. (f) Compassion is an emotional and motivational state of care for the wellbeing of the other [START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. Finally, (g) altruism can be defined as "a motivational state with the ultimate goal of increasing another's welfare" (Baston, 2011b, p. 20).

Neuroscience research has suggested that empathy-related phenomena should not be considered simply as soft skills, but are rather a neurobiologically based competency [START_REF] Riess | Empathy in medicine--a neurobiological perspective[END_REF].

Furthermore, healthy empathic capacities like perspective taking, online simulation, empathic concern, and altruistic motives are considered interpersonal skills that can be effectively trained even among adults (Batson, 2011;[START_REF] Teding Van Berkhout | The efficacy of empathy training: A meta-analysis of randomized controlled trials[END_REF].

A.2. The interrelation of empathy-related phenomena

All these different motor, emotional, cognitive, motivational, and behavioural empathic phenomena are deeply connected to each other [START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. Furthermore, some correlated intra and interpersonal skillsemotion regulation [START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF]) and communication skills [START_REF] Main | The interpersonal functions of empathy: a relational perspective[END_REF] can be fomented to contribute to the development of healthy empathic expressions such as empathy accuracy or compassion. Therefore, trainings focused on the development of empathic capacities can adopt different strategies and focus on different empathy-related or empathy-benefiting skills to contribute to healthy empathic expressions.

For example, affective empathy increases mimicry [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF], while one intervention that induces intergroup mimicry can also lead to affective empathy [START_REF] Hasler | Virtual peacemakers: mimicry increases empathy in simulated contact with virtual outgroup members[END_REF]. A traditional method for inducing affective empathy and empathic concern is through stimulating cognitive empathy [START_REF] Batson | The empathy-altruism hypothesis[END_REF], which helps individuals to understand the situation and the feelings of others. High-quality cognitive empathy requires the precise understanding of another individual's state, referred to as empathy accuracy [START_REF] Ickes | Empathic Accuracy: Its Links to Clinical, Cognitive, Developmental, Social, and Physiological Psychology in the Social Neuroscience of empathy[END_REF], which benefits from good communication skills [START_REF] Main | The interpersonal functions of empathy: a relational perspective[END_REF]. This means that observers must have a present attention and openness to listen and fine tune their interpretation of others' mental states based on cues and feedback provided by the emoter [START_REF] Main | The interpersonal functions of empathy: a relational perspective[END_REF]. Empathy accuracy can be mined by egocentric bias which is a tendency to attribute one individual's own mental states to others [START_REF] Piaget | The Child's Conception of Space[END_REF]. A common example of this misleading belief of empathic expression is when the observers are not really giving an opportunity to the emoters to express themselves in a dialogue, while saying something like "I know exactly how you feel because it happened to me many times". These individuals may not even be aware of this flaw.

Egocentric bias is a milestone that is crossed by children when they achieve higher levels of cognitive development [START_REF] Elkind | Egocentrism in adolescence[END_REF][START_REF] Flavell | Cognitive development: Children's knowledge about the mind[END_REF][START_REF] Kohlberg | Moral stages and moralization: The cognitive-developmental approach[END_REF][START_REF] Piaget | The Child's Conception of Space[END_REF] and is still prominent at the brain level between the ages of 7 and 14 years old [START_REF] Steinbeis | Age-related Differences in Function and Structure of rSMG and Reduced Functional Connectivity with DLPFC Explains Heightened Affective Egocentricity Bias in Childhood[END_REF], but can also persists in healthy adults [START_REF] Pronin | How we see ourselves and how we see others[END_REF][START_REF] Royzman | I know, you know : Epistemic egocentrism in children and adults[END_REF]. Empathy accuracy also relies on our ability to understand our own emotions accurately. For example, individuals with alexithymia that have an inability to perceive and identify their own emotions have reduced empathic responses [START_REF] Bird | Empathic brain responses in insula are modulated by levels of alexithymia but not autism[END_REF][START_REF] Bernhardt | The neural basis of empathy[END_REF]. Moreover, empathic phenomena can only be achieved if we understand to a certain degree who we are, or more precisely, if we have a clear self-other distinction. In fact, the ability to identify the external origin of a vicarious emotion is what differentiates empathy from emotion contagion (de Vignemont and Singer, 2006;[START_REF] Decety | The functional architecture of human empathy[END_REF].

While moderate levels of emotional intensity are needed to trigger the attention of observer to express empathy [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF], when this stimulus is too intense (e.g.: someone with a severe and painful disease) it can lead to unhealthy expressions of empathy, namely empathic distress [START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF]. Since empathy creates an isomorphic response to another person's feelings, an empathic response to an exceedingly painful stimulus can cause overwhelming distress in the observer [START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF]. In those cases, individuals may feel the need to avoid the emoter based on an egoistic motivation to relieve the vicarious pain they felt [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. In medical-patient relations, empathic distress is commonly related to burnout [START_REF] Hojat | The devil is in the third year: a longitudinal study of erosion of empathy in medical school[END_REF][START_REF] Klimecki | Empathic distress fatigue rather than compassion fatigue? Integrating findings from empathy research in psychology and social neuroscience[END_REF][START_REF] Zenasni | Burnout and empathy in primary care: three hypotheses[END_REF]. On the one hand, among individuals proficient in self-regulating their own stress, empathic distress can be more easily converted into empathic concern [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF][START_REF] Rothbart | Temperament and social behavior in childhood[END_REF].

Therefore, training for professionals dealing with extreme situations (such as physicians) should consider the development of emotion regulation and self-care [START_REF] Riess | Empathy in medicine--a neurobiological perspective[END_REF]. The same concern would apply for compassion training targeting teenagers, who tend to have intense emotions [START_REF] Silk | Adolescents' Emotion Regulation in Daily Life: Links to Depressive Symptoms and Problem Behavior[END_REF]. Taken together, we can conclude that for a broader audience a safer strategy to avoid empathic distress in empathy training would be to provide stimulus of moderate intensity. Under those circumstances, empathy and perspective taking can lead to a healthy expression namely empathic concern, also referred to as compassion [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]. Compassion differs deeply in terms of emotional valence from empathic distress. Instead of being an isomorphic emotion, like affective empathy or vicarious pain, it consists of a loving-kindness emotion with a clear self-other distinction [START_REF] Singer | Differential roles of fairness-and compassion-based motivations for cooperation, defection, and punishment[END_REF]Klimecki et al., 2013, McCall andSinger, 2013). Empathic concern may drive one to altruistic motives (Batson, 2011;[START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF], which is related to the amount of help one individual may offer to someone in need (Batson, 2011). A high altruistic motivation can be converted into prosocial behaviour when it is not impaired by the lack of skills, abilities and power required to offer effective help [START_REF] Clary | The amount and effectiveness of help: the relationship of motives and abilities to helping behavior[END_REF]. Therefore, in interventions focused on inducing altruistic behaviour, a stimulus must ideally indicate an achievable way of providing help that relies simply on the individual's altruistic motivation.

A.3. The challenge of intergroup empathy

Even with all the empathic skills previously mentioned, stepping into the shoes of another may not be an easy task when the emoter does not belong to our own group. Outgroup categorisation may indeed decrease or completely block empathic responses [START_REF] Amodio | The social neuroscience of intergroup relations[END_REF], being probably the main challenge to promote these abilities in the multi-cultural society that we live in.

Even so, many of the self-reported methods broadly used to assess empathy are focused on an empathic disposition, without referring to a particular group or to a particular context (e.g.:

empathy Quotient, [START_REF] Baron-Cohen | The empathy Quotient: An Investigation of Adults with Asperger Syndrome or High Functioning Autism, and Normal Sex Differences[END_REF]; Basic empathy Scale, [START_REF] Carre | The Basic empathy Scale in Adults (BES-A): Factor Structure of a Revised Form[END_REF]Interpersonal Reactivity Index, Davis, 1980; Toronto empathy Questionnaire, [START_REF] Spreng | The Toronto empathy Questionnaire: Scale development and initial validation of a factor-analytic solution to multiple empathy measures[END_REF]. If we rely solely on these types of measures, an individual may consider him/herself as highly empathic and compassionate even while being racist. In fact, it is possible that these types of individuals may have an extraordinary empathy towards their own group (Mathur et al., 2010), but not towards others, which, in fact, would increase their unfairness towards others [START_REF] Decety | Empathy, justice, and moral behavior[END_REF].

Intergroup division can compromise empathic expressions even among individuals with egalitarian goals that may have negative implicit bias deeply wired in their brain which they are not necessarily aware of [START_REF] Devine | Stereotypes and prejudice: their automatic and controlled components[END_REF][START_REF] Monteith | Self-regulation of prejudiced responses: implications for progress in prejudicereduction efforts[END_REF][START_REF] Greenwald | Measuring individual differences in implicit cognition: the implicit association test[END_REF][START_REF] Devine | The regulation of explicit and implicit race bias: the role of motivations to respond without prejudice[END_REF][START_REF] Amodio | Individual differences in the activation and control of affective race bias as assessed by startle eye blink response and self-report[END_REF][START_REF] Cunningham | Separable neural components in the processing of Black and White faces[END_REF]. Even when these individuals are aware of their biases, they may not be able to supress these negative thoughts or emotions towards outgroups [START_REF] Wegner | The hyper accessibility of suppressed thoughts[END_REF][START_REF] Gross | emotional suppression: physiology, self-report, and expressive behavior[END_REF][START_REF] Neil Macrae | Out of mind but back in sight: stereotypes on the rebound[END_REF][START_REF] Wegner | Ironic processes of mental control[END_REF][START_REF] Monteith | Suppression as a stereotype control strategy[END_REF].

In that sense, we conclude that beyond general empathic capacities, the construction of an empathic society fundamentally relies on the promotion of intergroup empathy. As we describe in the following subsections, this intergroup empathy can be empowered by familiarity, affiliation, and similarity; and can be impaired by negative intergroup associations and evaluations.

A.3.1. Familiarity, affiliation, and similarity trigger-enhanced empathy toward ingroups and reduced empathy toward outgroups

We tend to feel greater empathy toward familiar individuals or individuals whom we perceive to be similar to us. This response is part of a general favourability toward similar others [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. This effect causes an enhanced empathy toward ingroup members due to positive biases toward ingroups [START_REF] Mathur | Neural basis of extraordinary empathy and altruistic motivation[END_REF]. Conversely, it can lead individuals to behave unfairly toward outgroup members by comparison [START_REF] Decety | Empathy, justice, and moral behavior[END_REF]. In fact, a high favouritism towards an individual's own group can act as a basis for negative intergroup feelings and beliefs [START_REF] Gaertner | The Common Ingroup Identity Model: Recategorization and the Reduction of Intergroup Bias[END_REF].

Even so, the separation between "us" and "them" is not static and can be very subtle. On the one hand, group affiliation and ingroup empathy can be predicted by race [START_REF] Chiao | Intergroup empathy: how does race affect empathic neural responses?[END_REF]. Phenotypes-gender, age, skin colour are clearly known to create intergroup barriers. On the other hand, environmental or social factors such as a mixed-race interaction may predict social biases (Van Bavel & Cunningham, 2009) and empathic responses [START_REF] Weisbuch | Affective divergence: automatic responses to others' emotions depend on group membership[END_REF]. For example, individuals from different races may present ingroup responses for others from different races that belong to the same basketball team [START_REF] Weisbuch | Affective divergence: automatic responses to others' emotions depend on group membership[END_REF]. Another bonding factor (also used as a strategy to overcome biases) is when the observed individual is considered separated from the group. In that way, the observer may present an empathic response to one individual but not necessarily to his/her group [START_REF] Kubota | The neuroscience of race[END_REF].

A.3.2. Negative intergroup associations and evaluations block empathic response targeted at outgroups

Explicit or implicit negative evaluations of an emoter considered as an outgroup memberwhich are deeply related to stereotypes (semantic associations) and to biases (visceral categorisations) [START_REF] Amodio | The social neuroscience of intergroup relations[END_REF] have the power to decrease or completely block any empathic response in the observer. For example, subjects with implicit, but not explicit, bias against outgroup members present reduced sensorimotor resonance to vicarious pain targeted at outgroup members [START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF]. Stereotypes, biases, and anxiety may block one's empathic responses even among individuals with egalitarian values [START_REF] Correll | The police officer's dilemma: using ethnicity to disambiguate potentially threatening individuals[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF].

Among other factors, these effects are modulated by the relation of power (resources) and prestige between groups [START_REF] Fiske | Status, power, and intergroup relations: the personal is the societal[END_REF], by the perception of competition between them [START_REF] Esses | The immigration dilemma: the role of perceived group competition, ethnic prejudice, and national identity[END_REF], by the social threat [START_REF] Gonsalkorale | Intergroup threat increases implicit stereotyping[END_REF] or anxiety [START_REF] Amodio | Intergroup anxiety effects on implicit racial evaluation and stereotyping[END_REF] one may trigger in the other.

Categorisation of social groups, activation of group stereotypes and use of those stereotypes to form impressions of others is a common practice adopted by social perceivers that can vary in terms of chronic and situational as well as cognitive and motivational factors, augmenting or reducing stereotypes to form a judgment [START_REF] Quinn | Stereotyping and Impression Formation: How Categorical Thinking Shapes Person Perception[END_REF]. Even so, these mechanisms can have a very high-speed automatic process that demands low cognitive resources and happens whether the individual is aware of them or not [START_REF] Amodio | The social neuroscience of intergroup relations[END_REF]. This categorical thinking based on coded predictions saves cognitive resources expended on real life interactions, that are usually complex [START_REF] Macrae | Social cognition: thinking categorically about others[END_REF]. That means that our predictions are shaped by simplified associations present in our long-term memory based on stereotypes, fears, and personal experience [START_REF] Macrae | Social cognition: thinking categorically about others[END_REF]. Even so, different priming strategies implemented in laboratory settings have been shown to be efficient in re-programming this kind of categorical thinking. Some examples are the exposure to non-stereotypical associations [START_REF] Kawakami | Kicking the habit: effects of nonstereotypic association training and correction processes on hiring decisions[END_REF] and providing tasks demanding focus on the individual (individuation), rather than the social group or the inhibition of stereotyping [START_REF] Mason | Categorizing and individuating others: the neural substrates of person perception[END_REF][START_REF] Quinn | Familiarity and person construal: individuating knowledge moderates the automaticity of category activation[END_REF][START_REF] Hutter | Individuation moderates impressions of conflicting categories for slower processors[END_REF]. Nevertheless, this type of cognitive rewiring may not have a lasting effect in routine life when the observer is repeatedly exposed to stereotypical and biased information in their everyday environments.

A.4. Promoting intergroup openness

We consider intergroup openness a super-moderator of empathy that goes beyond social norms of social equality or the willingness of individuals to adopt empathic behaviour towards outgroup individuals.

While social norms are an important factor that contributes to a more egalitarian society [START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF], it may not be enough to shape the behaviour of individuals who are not convinced by it and are not concerned about their social image or are not being observed by others [START_REF] Kubota | The neuroscience of race[END_REF]. Even so, it can contribute to the development of genuine internal egalitarian goals at a personal level [START_REF] Kubota | The neuroscience of race[END_REF], which can motivate individuals to be consistent with those goals [START_REF] Bargh | The automated will: nonconscious activation and pursuit of behavioral goals[END_REF][START_REF] Moskowitz | Implicit volition and stereotype control[END_REF]. But the simple desire to be empathetic towards outgroupswhich is the case for individuals with egalitarian goalsmay not be sufficient to induce empathic behaviour in many situations. The reason is that a conscious self-regulation of behaviour is an exceedingly difficult task [START_REF] Monteith | Self-regulation of prejudiced responses: implications for progress in prejudicereduction efforts[END_REF][START_REF] Monteith | Putting the brakes on prejudice: on the development and operation of cues for control[END_REF][START_REF] Monteith | Changing one's prejudiced ways: awareness, affect, and selfregulation[END_REF]. These mechanisms are based on two different components: monitoring and operating (e.g. [START_REF] Wegner | Ironic processes of mental control[END_REF]. Monitoring non-empathic responses (biases, stereotypes, anxiety) operates in a relatively automatic manner and does not require deliberative thinking [START_REF] Amodio | Neural signals for the detection of unintentional race bias[END_REF]. Analysis of the self-regulation of stereotyping suggests that, when egalitarian individuals perceive their stereotypes, they experience guilt and redirect their behaviour [START_REF] Monteith | Self-regulation of prejudiced responses: implications for progress in prejudicereduction efforts[END_REF][START_REF] Czopp | Standing up for a change: reducing bias through interpersonal confrontation[END_REF]. On the other hand, operating processes to control behaviour require high motivation, attention and sufficient cognitive resources [START_REF] Gilbert | The trouble of thinking: activation and application of stereotypic beliefs[END_REF][START_REF] Spencer | Automatic activation of stereotypes: the role of self-image threat[END_REF]. Therefore, controlling nonempathic behaviour is a difficult task in a real-life situationthat usually involves complex social interactions, and an overwhelming amount of information that can create cognitive load or distract our attention [START_REF] Gilbert | The trouble of thinking: activation and application of stereotypic beliefs[END_REF][START_REF] Spencer | Automatic activation of stereotypes: the role of self-image threat[END_REF].

A more efficient strategy to promote intergroup openness may rely on plasticity in the way we perceive ourselves regarding our notion of similarity and group affiliation. Different models of defining the Self have been adopted by several theorists, and despite the difference in approaches, two major constructs are indicated: the body and the conceptual self [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. Both constructs have also been associated with individuals´ Body Schema and Body Image, respectively (Gallagher, 2005), that interact constantly with each other. On the one hand, Body Schema mediates all our subjective experiences; it is captured through multimodal percept mechanisms and is also shaped by our body actions [START_REF] Riva | From virtual to real body: Virtual reality as embodied technology[END_REF][START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. On the other hand, Body Image, or our conceptual self, is shaped through a collection of experiences and interactions creating the abstract idea of who we are (Gallagher, 2005). Moreover, they also interact with empathy moderators such as affiliation, similarity, and familiarity [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. Furthermore, these two aspects related to the self are not static, and both can be modulated in different ways like body manipulation [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF], and induced priming [START_REF] Levine | Identity and emergency intervention: how social group membership and inclusiveness of group boundaries shape helping behavior[END_REF][START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF].

At least two different strategies are considered to have a high potential in promoting intergroup openness and contributing to empathy between individuals categorised as outgroups. One is visceral and relies on manipulating Body Schema, the other is conceptual and relies on manipulating Body Image.

The first strategy directly explores the plasticity of the bodily self and, therefore, may change body image. Perceptual illusions induced through multisensory stimuli that make one individual feel as if they have a different gender or skin colour have been observed to make individuals feel more similar to others [START_REF] Tsakiris | Looking for myself: Current multisensory input alters self-face recognition[END_REF] and to reduce negative implicit bias [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF] in relation to outgroups. It is argued that this change in the similarity at a Body Schema level can induce a change in the Body Image notion for group affiliation [START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF].

The second consists of directly modulating our conceptual notion of the Self, by recategorising our group affiliation, or creating group super-categories or sub-categories that are more inclusive of others. It has been proposed that adopting a secondary social identitythe dual identity model, that replaces "us versus them" by "us" or "us & them = we"can help individuals to overcome implicit racism [START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF]. By including "others" in the notion of "we", without suppressing the original group, individuals create another layer of social identity which leads to more empathy-related attitudes and behaviour [START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF]. A classic behavioural experiment that exemplifies this showed that football fans primed with the idea of inter-team competition were less likely to help an individual in need if he wore a t-shirt of a rival team. Conversely, when primed by the idea of a uniting passion for football, they were more likely to engage in altruistic behaviour, even for rival supporters [START_REF] Levine | Identity and emergency intervention: how social group membership and inclusiveness of group boundaries shape helping behavior[END_REF]. In that sense, being aware of the notion we have of ourselves and being flexible to modulate it may have a drastic impact on overcoming intergroup barriers and leading to empathic expressions.

A.5. Towards an empathic humanity

Based on a literature review on social psychology and cognitive sciences, we demonstrated that the empathic expressions refer to several motor, emotional, cognitive, motivational, and behavioural phenomena, which can be considered hard-wired abilities (i.e.: perspective taking, online simulation, compassion and altruism). These abilities have some specific features (e.g.:

self-other distinction) and benefit from intra and interpersonal skills to be expressed in a healthy and prosocial manner (i.e.: emotion regulation, emotional awareness, self-other distinction).

Even so, we discussed that empathy cannot be considered a trait that embraces all circumstances and targets any individual. That is so because, even when individuals have all these mentioned abilities, they may not express empathy towards outgroups. In fact, intergroup empathy is hard to achieve and is probably one of the biggest challenges for promoting an empathic society in a globalised and multicultural world. In that sense, we proposed the concept of intergroup openness as a super moderator of empathy that can never be overseen. On the one hand, intergroup openness is impaired by outgroup categorisation. On the other hand, it can be enhanced by modulating the way individuals perceive others and themselves. Even so, this modulation tends not be highly effective when solely focused on the motivation to pursue egalitarian goals. Instead, it should be built upon a deeper connection (visceral and/or conceptual) between the emoter and the observer. That means that the ideal of an empathic society could only be fully achieved if humanity considers every individual as a fundamental part of the notion of "us". In the next chapter, we will present different pedagogical and training approaches that stimulate empathic capacities and intergroup openness contributing to that goal.

A.6. Highlights from Section A

This section provided insights related to the fundamental aspects of empathy capacities that our research should focus on, which are synthesised below.

• Empathy (or affective empathy) is an emotional response to someone else's feelings with a clear self-other distinction.

• Empathy is related to several motor, emotional, cognitive, motivational, and behavioural factors, and can benefit from intra-and interpersonal skills to be expressed in a healthy and pro-social manner.

• Having an empathic trait or even egalitarian goals does not necessarily mean being empathic, especially towards outgroups: the lower our intergroup openness, the lower is our capacity to empathise with them.

• Highlighted empathy-related capacities to be cultivated:

-Cognitive empathy: the ability to take someone else's perspectives and understand their emotion.

-Compassion: a feeling of concern for another person in need with positive affective valence and a clear self-other.

-Altruism: a motivational state for wellbeing with the ultimate goal of the wellbeing of the other which tends to derive from healthy empathic states.

-Emotional regulation: the ability to control the intensity of stress, and by that means, convert distressful vicarious stimuli into compassion.

-Behaviour regulation: the ability to monitor and adopt behaviours in line with egalitarian goals.

-Intergroup openness: the ability to modulate our conception of others and ourselves by expanding our notion of "us". It is characterised by increased similarity, shared group affiliation, and counter-stereotypical information of outgroups.

Section B: Education for social emotional learning

Insights from pedagogical strategies for the

development of empathic capacities and intergroup openness

When discussing the training of empathic abilities, it is important to make a clear distinction between potential and actual skills. In other words, one individual may have the potential to be empathic but not necessarily have the optimal environmental conditions for expressing empathy. This is clearly described by some models such as the Gagné's Differentiated Model of Giftedness and Talent [START_REF] Gagné | The DMGT: changes within, beneath, and beyond[END_REF] In this section, we present three examples from pedagogies that offer beneficial environmental conditions for empathy, and three examples from training methods that are focused on promoting specific empathic capacities. These examples are not intended to represent an extensive review of all the existing methods with those propositions, but rather to provide insights for the design principles of pedagogical tools using XR Body Swap to promote empathy capacities.

B.1. Pedagogies for empathy-related learning

This sub-session presents some insights from three different pedagogies that favour social emotional learning. We start by presenting a framework with a global perspective and then narrow down on a process for engaging school communities with social-emotional learning, and finally on a pedagogy reported to benefit social and emotional skills. Our proposition is not to provide a deep description of these methodologies, but rather to highlight some important environmental factors addressed by them, that should be considered when designing interventions using XR Body Swap for empathy.

B.1.1. Global Citizenship Education: A framework designed to help education drive cultural change worldwide

In the last decade, an emerging framing paradigm for education was recommended by UNESCO: global citizenship education (UNESCO, 2014). It came about in response to a world that is increasingly interconnected, and interdependent, and out of the need to form citizens able to face the major challenges of the XXI century, that include: integrated economies driven by knowledge, massive migration, increased social inequality, environmental crisis, rapid advances in technology and globalisation [START_REF] Guo | Preparing Teachers to Educate for 21st Century Global Citizenship: Envisioning and Enacting[END_REF].

While several authors have defined this concept with slight differences (see [START_REF] Guo | Preparing Teachers to Educate for 21st Century Global Citizenship: Envisioning and Enacting[END_REF] there are common notions around the following topics: respect and appreciation for other individuals regardless of their differences; activism towards equality and justice for all; collaboration to solve global problems; non-violent efforts to solve conflicts; respect for the natural environment through a sustainable way of living, consuming, and producing [START_REF] Guo | Preparing Teachers to Educate for 21st Century Global Citizenship: Envisioning and Enacting[END_REF]. The goal of this educational approach is to form individuals who can contribute to "a more just, peaceful, tolerant, inclusive, secure and sustainable world" (UNESCO, 2014, p. 11). In other words, we can say there is a consensus among those authors on the need for building an empathic society.

UNESCO highlights the importance of adopting global citizenship education from the earliest age possible but reinforces that this approach does not end in school, and everyone (including adults) needs to be engaged (UNESCO, 2013). They recommend learning approaches in three interconnected domains: cognitive, socio-emotional, and behavioural. For each of these three dimensions, a pedagogical guideline was developed with key learner attributes, topics to be addressed, and pedagogical objectives defined by different age groups (UNESCO, 2015). These guidelines (UNESCO, 2015) aim to offer tools for the inclusion of this approach within educational environments around the world, widely discriminating different possible formats for its integration: school-wide (embedded in the ethos and curriculum of schools); cross-curricular (promoting collaboration between groups of teachers and students); integrated within-certain subjects (e.g.: civics, social studies, environmental studies, geography, history, art, etc); stand-alone subjects (including a particular discipline related exclusively for it) and within non-formal education (partnerships between schools and civil society actors).

Cognitive:

B.1.2. Social and emotional Learning (SEL): A process to guide schools in adopting a long-term holistic approach

Research shows that many students lack social-emotional skills and become disengaged as they progress through school, which interferes with academic performance, behaviour, and health [START_REF] Klem | Relationships matter: linking teacher support to student engagement and achievement[END_REF]. In one study from 2006, with 148,189 American students from sixth to twelfth grade, only between 29% and 45% reported having social competencies such as empathy, decision making, and conflict resolution skills; 71% indicated that their school did not provide an encouraging environment [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF]. To address these topics, the process of SEL was created to enable learners to identify and manage their emotions, motivations, decisions, and social relations [START_REF] Elias | Promoting Social and emotional Learning: Guidelines for Educators[END_REF] through self-awareness, selfmanagement, social awareness, relationship skills, and responsible decision making (Collaborative for Academic, Social and Emotional Learning (casel.org), 2005). These skills relate to some of the empathic phenomena discussed in Section (A), specifically regarding perspective taking, empathic accuracy, and emotion regulation. A systematic and well implemented SEL programme can allow students to learn, model, and practice these skills and apply them to diverse situations such that they become a part of their repertoire of behaviours [START_REF] Ladd | A cognitive-social learning model of social-skill training[END_REF]Weissberg et al., 1989). A meta-analysis of SEL practices [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF][START_REF] Taylor | Promoting positive youth development through school-based social and emotional learning interventions: a meta-analysis of follow-up effects[END_REF] showed that the conceptual model for targeting various social and emotional assets can be associated with significant improvement in students' social and emotional skills, as well as academic performance and less risky behaviours. These empirical findings are in line with the educational literature on how intrapersonal and interpersonal competenciessuch as self-regulation, problem solving, and relationship skillsmay enhance the academic performance and prosocial behaviour of students. To have an optimal impact and to offer conditions for students to improve learning, behaviour, and wellbeing, SEL approaches combine some important catalyst strategies: long-term training, safe environment, whole school community approach [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF]. This means that ideal approaches should consider the engagement with consistency throughout the long term for all members of the school community (teachers from different disciplines, management, staff, students, parents, broader community) to work together and to create a safe environment through a sense of belonging and cohesion. Combined, these environmental factors offer the conditions for the instrumentalisation of social emotional competencies [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF].

B.1.3. Constructivism:

A pedagogy focused on the

instrumentalisation of knowledge

Constructivism combines a series of approaches and methodologies developed to empower students by helping them to learn more than just content, but also to learn how to learn, and to develop cognitively, socially, and emotionally [START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF]. It has been shown

that constructivist learning environments enhance students' emotional and social abilities, such as self-regulation and perspective taking [START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF]. Some of its strategies are specifically interesting for training in perspective taking by offering realistic and plausible stimuli for understanding another's point of view. These representations of reality avoid oversimplification by representing the natural complexity of the world. They present authentic tasks that contextualise rather than providing abstract instruction. They furthermore provide real world, case-based learning environments, rather than predetermined instructional sequences. Altogether, they enable context and content dependent knowledge construction [START_REF] Jonassen | Thinking technology: toward a constructivist design model[END_REF]. Constructivism approaches regularly involve cooperative tasks. Educators play the role of facilitators engaged in dialogue with students, rather than monologue, which is especially interesting for the instrumentalisation of reflexivity, letting learners find their own answers, and for identifying and questioning their own misconceptions [START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF].

B.2. Intervention methods for empathic abilities

Having explored some examples of pedagogical approaches to address environmental factors, in this subsection, we provide examples of interventional strategies that have been successfully implemented for specific abilities. We start by describing two different interventions related to empathic skills (the first traditionally used in Western culture, and the second originating from traditional practices in Eastern culture). Then, we present one type of intervention derived from social psychology that is designed to address intergroup openness. As in the previous subsection, our intention is not to provide a full description or review of these trainings, but rather to highlight some insights from these non-technological interventions that could be adapted and incorporated into training methods using XR Body Swap.

B.2.1. Role playing: Enhancing cognitive empathy and emotional development

Playing the role of a movie character, such as Superman, can be one of the most effective types of play for developing perspective taking [START_REF] Whitebread | The importance of play: a report on the value of children's play with a series of policy recommendations[END_REF]. As previously discussed, perspective taking is fundamental for understanding accurately the point of view of another person. Accordingly, perspective taking of an outgroup individual decreases explicit and implicit stereotypes towards the individual and increases positive evaluations towards the ingroup [START_REF] Galinsky | First offers as anchors: the role of perspective-taking and negotiator focus[END_REF]. Research has also highlighted correlations between emotional development and role-playing [START_REF] Kwon | Principles of emotional development and children's pretend play[END_REF]. Role playing has also been used in digital games focused on empathy. One example is the non-immersive VR game Real Lives, that allows players to inhabit the lives of individuals around the world. In a quasiexperimental study with high school students in three schools in the USA [START_REF] Bachen | Simulating REAL LIVES promoting global empathy and interest in learning through simulation games[END_REF], students who played Real Lives as part of their curriculum, expressed more global empathy (observed in their identification with the characters played) and greater interest in learning about other countries.

Besides education, role playing techniques have been used in therapeutic contexts, conflict mediation, restorative justice, and many other fields. In each of these, different practices are proposed to help participants visualise events and conflicts from the perspective of others. These practices use physical dynamics (e.g., changing seats with another participant) and narratives related to real life (e.g., reporting on conflict from the protagonist's point of view) to provide multisensory experiences. Perspective taking tasks tend to be more successful when involving engaging approaches, such as writing an essay about the other's perspective [START_REF] Todd | Perspective taking and automatic intergroup evaluation change: testing an associative self-anchoring account[END_REF] or taking the role of an outgroup member in a computer game [START_REF] Gutierrez | Fair Play : a videogame designed to address implicit race bias through active perspective taking[END_REF].

B.2.2. Mindfulness training: Enhancing several empathic processes

In recent years, mindfulness practices have been getting more attention due to putative therapeutic benefits for depression, anxiety, and chronic pain (e.g., [START_REF] Baer | Mindfulness training as a clinical intervention: a conceptual and empirical review[END_REF][START_REF] Grossman | Mindfulness-based stress reduction and health benefits. A meta-analysis[END_REF][START_REF] Galante | Effect of kindness-based meditation on health and well-being: a systematic review and meta-analysis[END_REF] and even burnout in the workplace [START_REF] Krasner | Association of an educational program in mindful communication with burnout, empathy, and attitudes among primary care physicians[END_REF]. The term mindfulness has been used to describe states, traits, psychological functions, cognitive processes, and different types of meditation practices or intervention programmes (Vago & Silbersweig, 2012). In this manuscript, we use the term mindfulness to describe secular methods of mental training such as Mindfulness-Based Stress Reduction (Kabat-Zinn, 1982), Mindfulness-Based Cognitive Therapy [START_REF] Segal | Mindfulness-Based Cognitive Therapy for Depression: A New Approach to Preventing Relapse[END_REF], and Compassion Cultivation

Training [START_REF] Jazaieri | Enhancing compassion: a randomized controlled trial of a compassion cultivation training program[END_REF]. Each of these methods is driven by different goals, and we will highlight specific outcomes relating to empathy-related phenomena: in enhancing natural abilities such as perspective taking and compassion [START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF][START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF]; and in affecting moderators of empathy such as anxiety control and non-judgmental thinking [START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF]. Mindfulness practices often help the subject to focus their attention on their own breath [START_REF] Bishop | Mindfulness: a proposed operational definition[END_REF], suggesting that interoceptive awareness may be used as an effective strategy in developing empathy-related abilities. Another common approach in many mindfulness practices is to observe thoughts without suppressing them [START_REF] Bishop | Mindfulness: a proposed operational definition[END_REF]. Mindfulness practices enable individuals to focus their attention on automatic cognitions, such as implicit race biases, and can therefore modulate explicit social judgments and behaviours [START_REF] Payne | Conceptualizing control in social cognition: how executive functioning modulates the expression of automatic stereotyping[END_REF]. Many mindfulness approaches consist of daily practices that are intended to generate positive outcomes after months of practice [START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF], but some studies have shown significant benefits after one single intervention [START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF][START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF]. Using implicit association tests [START_REF] Greenwald | Measuring individual differences in implicit cognition: the implicit association test[END_REF], [START_REF] Lueke | Mindfulness meditation reduces implicit age and race bias: the role of reduced automaticity of responding[END_REF] showed that one single 10-minute intervention of mindfulnessaiming to let subjects simply observe thoughts and events in a non-judgmental wayhelped individuals reduce biases against outgroups. Mindfulness practices to develop kindness and compassion have also been associated with lower levels of implicit bias [START_REF] Kang | The nondiscriminating heart: lovingkindness meditation training decreases implicit intergroup bias[END_REF] and enhancing altruistic motivations [START_REF] Condon | Meditation increases compassionate responses to suffering[END_REF]. Different mindfulness practices appear to have different effects in these domains. Hildebrandt and colleagues [START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF] [START_REF] Kringelbach | Towards a functional neuroanatomy of pleasure and happiness[END_REF], love [START_REF] Bartels | The neural basis of romantic love[END_REF][START_REF] Dasgupta | Implicit ingroup favoritism, outgroup favoritism, and their behavioral manifestations[END_REF][START_REF] Aron | Reward, motivation, and emotion systems associated with early-stage intense romantic love[END_REF] and affiliation (Vrticka et al., 2008;[START_REF] Strathearn | Adult attachment predicts maternal brain and oxytocin response to infant cues[END_REF]. Taken together, these studies reveal how mindfulness practices can have powerful effects in training empathy-related abilities.

B.2.3. Positive intergroup contact: Approximating groups and individuals under safe/controlled environment

Exploring the interaction between observers and targeted outgroups can be an effective way to overcome fear and stereotypes. Intergroup contact [START_REF] Allport | The Nature of Prejudice[END_REF] has long been proposed as a strategy to improve positive intergroup relations, which should ideally occur under some specific conditions: equal intergroup status, cooperative interdependence, common goals, authority guidance [START_REF] Tropp | Contact between groups[END_REF], and a shared notion of group identity [START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF]. Positive effects of intergroup contact have been observed when individuals have positive interactions with outgroup individuals which can, in fact, lead to a generalisation of bias reduction towards other outgroups [START_REF] Pettigrew | A meta-analytic test of intergroup contact theory[END_REF]. For example, one quasiexperimental study combined content and intergroup interaction [START_REF] Rudman | Unlearning automatic biases: the malleability of implicit prejudice and stereotypes[END_REF] in a 14week conflict seminar held by an African American male professor. The intervention reduced prejudice and stereotyping among participants, a pattern that was mediated by cognitive factors (the content of the seminar) but also by affective experiences (liking the professor). Intergroup contact interventions combined with perspective taking training may have positive effects even between groups in conflict. For example, a four-day intergroup workshop conducted between Sri Lankan Singhalese and Tamils resulted in enhanced empathy toward outgroup members one year after the intervention [START_REF] Malhotra | Long-term effects of peace workshops in protracted conflicts[END_REF]. Positive effects have also been reported in interventions at schools. Intergroup contact interventions focused on inclusiveness implemented among first and second grade children over a period of four weeks did not change bias, but made children more inclusive (regarding race, gender and weight) when selecting their most preferred playmate (Houllette et al., 2004).

Although intergroup interaction may be effective when it leads to appraisal, this approach presents some strong limitations. On the one hand, in real life, individuals tend to interact within their own social group, missing the opportunity to accumulate personal experiences via social interactions with outgroup members. In fact, prejudiced people avoid intergroup contact [START_REF] Pettigrew | Intergroup contact theory[END_REF]. And even when these interactions occur in real life, the circumstances may not offer ideal conditions to provide positive contact. On the other hand, some obligatory courses in diversity have been reported to enhance racial bias in comparison to control students [START_REF] Bigler | The use of multicultural curricula and materials to counter racism in children[END_REF]. After enforced multicultural training, individuals with high external motivation (social egalitarian goals) but low internal motivation (personal egalitarian goals) responded in anger to behavioural measures targeting outgroups [START_REF] Plant | Internal and external motivation to respond without prejudice[END_REF]. This type of negative effect has also been explained because of the effort of suppressing individuals' group identity in terms of what differentiates them [START_REF] Dovidio | Another view of we : Majority and minority group perspectives on a common ingroup identity[END_REF]. In fact, ignoring group differences does not seem to be a good strategy. Interventions based on "colour-blind" strategies (encouraging individuals to suppress their category-based stereotypes in favour of more personalised judgments) have been shown to be ineffective [START_REF] Wolsko | Framing interethnic ideology: effects of multicultural and color-blind perspectives on judgments of groups and individuals[END_REF], and actually enhance negative bias showing a backfire effect [START_REF] Schofield | Black-White contact in desegregated schools[END_REF][START_REF] Wegner | Ironic processes of mental control[END_REF].

Taken together, evidence suggest that intergroup contact can be adopted to enhance intergroup openness, especially if a safe environment is provided favouring positive interactions and respecting the idiosyncrasies of everyone's group identity.

B.3. Highlights from Section B

This section provided insights on good practices for promoting empathic capacities in educational contexts that should be considered when envisioning the implementation of XR Body Swap interventions for empathy in cultural or educational settings. Its main insights are condensed below.

• The development of empathic capacities relies on both: training specific skills and offering environmental conditions that favour learning these skills.

• Regarding environmental conditions, empathic training programmes using XR Body Swap should be inspired in good practices from existing pedagogies that favour social abilities, such as Global Citizen Education, Social-emotional Learning and Constructivism.

-Insights on catalyst factors from Global Citizenship Education:

-Focus on education beyond traditional curriculum, embracing XXI-century major challenges.

-Integrating cognitive, socio-emotional, and behavioural learning.

-Exploring a variety of formats: school-wide, cross-curricular, embedded in specific disciplines, stand-alone subjects, non-formal education.

-Insights on catalyst factors from Socio-Emotional Learning:

-Building a safe environment with a sense of belonging and cohesion.

-Adopting a whole-school-community approach.

-Offering consistency throughout long-term training.

-Instrumentalising learners to identify and manage their own emotions, motivations, decisions, and social relations.

-Insights on catalyst factors from Constructivism:

-Promoting reflexive thinking: letting learners find their own answers.

-Real world, case-based learning environments: offering realistic and plausible stimuli, exploring context-dependent knowledge.

-Stimulating cooperative tasks.

-Educators adopting the role of facilitators.

• Regarding specific empathic skills, empathic training programmes using XR Body Swap should be inspired in good practices from existing training methods in empathy, such as role playing, mindfulness and intergroup contact.

-Insights from role playing:

-Can be used as a ludic approach for offering perspective taking tasks.

-It benefits correlated abilities such as communication skills and emotion regulation.

-Can be used to address real-world situations (the perspective of other people from different realities).

-Insights from mindfulness:

-It adopts a combination of relaxation, body awareness, present attention, perspective taking and compassion, with benefits for all these aspects.

-Non-judgemental self-scanning and compassion training methods can decrease implicit biases.

-Compassion based training induces positive emotions and affiliation even under vicarious distress stimuli.

-Insights from intergroup contact:

-It offers safe and controlled environmental conditions that favour positive intergroup interactions.

-Ideally stimulates equal intergroup status, cooperative interdependence, common goals, authority guidance.

-It stimulates a shared notion of group identity, without judging/denying independent group identity.

Section C: XR Body Swaps for empathy

Stepping into the shoes of another through

Embodied XR technologies

In this section we will explore how XR Body Swap technology can be used to address empathic capacities and intergroup empathy, highlighting the applicability and similarity of some XR features with educational approaches for empathy. To do so, we will start by defining and describing different variations of XR technologies and the main features that differentiate them from other types of media. Then, we will define and describe XR Body Swaps which is the approach adopted in our research. After that, we will describe the mechanisms that underlie these Body Swap illusions, indicating the elements that are fundamental for its induction. This is followed by an exploration of the main empathy-related effects that can be provoked through Body Swaps, considering different empathic capacities, correlational skills, and empathy moderators. Finally, we will describe a concrete example that adopts a scalable XR Body Swap solution to address empathy-related phenomena and has the potential to be implemented as a pedagogical tool.

C.1. Definitions and description of XR technologies

Just like the term empathy has been used to address different phenomena, with the same is true for the term Virtual Reality (VR) that has been used to describe media of quite different natures.

That is the reason why we have chosen the use of the term XR technologies. XR, standing for Extended Reality or Cross Reality, is an umbrella term for technologies that offer immersive features [START_REF] Paradiso | Guest Editors' Introduction: Cross-Reality Environments[END_REF] such as VR (Virtual Reality), AR (Augmented Reality), MR (Mixed Reality) and Telepresence. Each of these technologies differs in their nature, while presenting common elements, as we describe below.

Virtual Reality itself is defined as the real-time experience of the user in a simulated computergenerated environment (Pares & Pares, 2006) and is not restricted to headsets. It can offer non-immersive interfaces (such as 2D screen computers) and other forms of physical immersion [START_REF] Slater | Enhancing our lives with immersive virtual reality[END_REF], for example, by using projections on walls like the CAVE system [START_REF] Cruz-Neira | Surround-screen projection-based virtual reality: the design and implementation of the CAVE[END_REF]. Other types of media with different characteristics have also been commonly referred to as VR. Among them, are video generated environmentsusually with monoscopic cameras with a 360° field of viewthat have been increasingly used especially in immersive journalism [START_REF] Hardee | FIJI: a framework for the immersion-journalism intersection[END_REF], even though immersive videos recorded in 360° for immersive headsets are argued to be a different type of media according to different authors (Pares & Pares, 2006;[START_REF] Smith | Stop Calling Google Cardboard's 360-Degree Videos[END_REF][START_REF] Slater | Enhancing our lives with immersive virtual reality[END_REF]. The nature of such media that tele transport the user to an immersive representation of a real environment relates more appropriately to the definition of Telepresence [START_REF] Minsky | Telepresence[END_REF].

Telepresence media consist of systems that allows users to navigate or experience the real world from another location. Despite the fact that these immersive videos in 360° can be experienced in immersive headsets and offer users agency of their head to visually explore the content, they differ from the former by not using computer generated images while having, in most cases, restricted interactions [START_REF] Hardee | FIJI: a framework for the immersion-journalism intersection[END_REF].

Two other types of emerging XR technologies are Augmented Reality (AR) and Mixed Realty (MR). AR combines our perception of the real world with a layer of computer-generated images [START_REF] Azuma | Presence: Teleoperators and Virtual Environments[END_REF] and is not necessarily immersive, since it can use devices such as tablets, mobile phones, or computers. Some known examples of non-immersive AR are the mobile phone game

Pokémon GO philtres on Instagram [START_REF] Rauschnabel | An Adoption Framework for Mobile Augmented Reality Games: The Case of Pokémon Go[END_REF][START_REF] Flavián | The impact of virtual, augmented and mixed reality technologies on the customer experience[END_REF][START_REF] Marr | The Important Difference Between Augmented Reality And Mixed Reality[END_REF].

MR, also referred to as Hybrid Reality, is the evolution of AR that allows the immersive overlap between real and virtual elements (Milgran and Kishino, 1994). It requires specific hardware (such as the HoloLens headset or smart-glasses like the Google Glass) that differs from VR headsets by maintaining the image from the real world while drawing an interactive layer of digital elements over it [START_REF] Marr | The Important Difference Between Augmented Reality And Mixed Reality[END_REF].

Our research is not focused on all of the different variations of XR media, but rather on embodied cognition systems based on video-based Telepresence [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]Olivera et al., 2016;[START_REF] Bertrand | The machine to be anotherembodied telepresence using human performers -work in progress demo[END_REF] and on computer-generated VR [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. To simplify the terminology, we will identify both as XR.

Among other features, in common, immersive VR and immersive Telepresence are capable of creating perceptual illusions of Presence: Place Illusion (PI) and Plausibility Illusion (Psi) [START_REF] Slater | Enhancing our lives with immersive virtual reality[END_REF]. While the concept of "immersion" refers to the physical nature of a system, differing from 2D screen computers to VR headsets or Cave systems, presence is its subjective correlative [START_REF] Slater | Enhancing our lives with immersive virtual reality[END_REF]. The term presence has been used to convey many alternative meanings [START_REF] Slater | Place illusion and plausibility can lead to realistic behavior in immersive virtual environments[END_REF]. In real life, "presence" is the state of being present [START_REF] Hildebrandt | Differential effects of attention-, compassion-, and socio-cognitively based mental practices on self-reports of mindfulness and compassion[END_REF] or is the state of existing in the world and, fundamentally, having a body. In VR, the term presence is not necessarily related to having a body, but to the feeling of "being there" (Held and Durlach, 1992;[START_REF] Sheridan | Musings on telepresence and virtual presence[END_REF]. This phenomenon has been referred to by scientists such as Mel [START_REF] Slater | Place illusion and plausibility can lead to realistic behavior in immersive virtual environments[END_REF] as place illusion (PI)

in order to distinguish it from different concepts and is defined by "the strong illusion of being in a place in spite of the sure knowledge that you are not there" [START_REF] Slater | Place illusion and plausibility can lead to realistic behavior in immersive virtual environments[END_REF]. Slater defines plausibility illusion (Psi) as a different concept generally associated with presence. Psi stands for the illusion that the virtual environment exhibited is taking place [START_REF] Slater | Place illusion and plausibility can lead to realistic behavior in immersive virtual environments[END_REF]. While PI is constrained by sensorimotor contingencies of the system, Psi relates to the credibility of the scenario. In both cases, users know that they are not "there" and that the events are not happening, but they feel as if they are, leading them to adopt behaviours as if they were really inhabiting the virtual environment [START_REF] Slater | Enhancing our lives with immersive virtual reality[END_REF]. The interrelation of presence, engagement, and empathy has been observed in immersive XR experiences that tele transport the user to the environment of one emoter [START_REF] Schutte | Facilitating empathy through virtual reality[END_REF]. 2006) of participants. By virtual subjectiveness they refer to a mediation component between user and the experience, that combines physical interfaces, the mappings that link the user to the environment, the logical interface and the behaviours that emerge from the interaction. That means that participants interact in the virtual environment through another entity, which is their own subjective experience displaced into another format of reality. Another way to frame the nature of XR media is as an embodied technology, because its experiences can change participants' cognitive modelling [START_REF] Riva | From virtual to real body: Virtual reality as embodied technology[END_REF][START_REF] Riva | Brain and Virtual Reality: What Do they Have in Common and How to Exploit their Potential[END_REF].

Immersive XR technologies can change our understanding of and inferences about a situation by manipulating our perception and motor systems, while also offering physical and contextual interactions inside this manipulated embodied world which has an important role in giving a meaning to this reality [START_REF] Riva | From virtual to real body: Virtual reality as embodied technology[END_REF][START_REF] Riva | Brain and Virtual Reality: What Do they Have in Common and How to Exploit their Potential[END_REF]. Therefore, XR experiences, such as Body Swaps that are fundamentally manipulations of our embodied cognition, offer powerful instruments for innovative clinical approaches [START_REF] Riva | The Neuroscience of Body Memory: from the Self through the Space to the Others[END_REF], and also empathic learning experiences with a very high potential [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. On the document "Guidelines for Immersive Virtual Reality Experiences" [START_REF] Michalak | Guidelines for Immersive Virtual Reality Experiences[END_REF], the company Intel recommends that experiences using XR technology should explore the following factors in order to reach relevance beyond novelty: good content, smooth onboarding (i.e.: integrated tutorials, gentle but rapid transitions), ubiquitous agency to interact (enough content to sustain interest), primacy of XR interactions (rare, impossible, dangerous, or expensive). Regarding its potential use for promoting empathy, XR can offer an experience that is completely impossible in the real world: the feeling of stepping into the shoes of another person, or in other words, Body Swap experiences.

In order to explain how XR Body Swaps may promote empathy, this chapter presents different strategies (using VR and Telepresence), applied in science and the arts, aiming to promote empathic responses and expressions in participants, pointing to the high potential of the manipulation of virtual subjectiveness for empathy-related learning. Having an avatar through XR headsets lets participants experience for a brief moment a different sense of reality [START_REF] Slater | Representations Systems, Perceptual Position, and Presence in Immersive Virtual Environments[END_REF]. This manipulation of the sense of reality is shown to impact behaviour in the virtual, and in the real world even two months after interventions [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. This manipulation of the virtual subjectiveness of participants is an intrinsically perspective-taking stimulus that is inherent in XR Body Swap experiences. And perspective-taking and roleplaying practices have been extensively used in pedagogy as a social emotional learning method [START_REF] Whitebread | The importance of play: a report on the value of children's play with a series of policy recommendations[END_REF].

C.2. Definitions and description of XR Body Swaps

XR Body Swaps refers to an adaptation of the technique of the Rubber Hand Illusion [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF] to create full body illusions [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF][START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF] with immersive headsets. Using XR technologies, researchers apply multisensory and motor stimuli in synchrony with the first-person perspective of avatar-using computergenerated VR imaging [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF], or an image of real humans through tele presence stereoscopic video [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]. In these studies, the evidence shows that subjects feel that they have swapped bodies with another person [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF], a plastic mannequin [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF], a Barbie doll (Van der Hoort et al., 2011), a digital avatar [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF], an invisible body [START_REF] Guterstam | Illusory ownership of an invisible body reduces autonomic and subjective social anxiety responses[END_REF], and even a body located in the front of them [START_REF] Lenggenhager | Video ergo sum: manipulating bodily self-consciousness[END_REF]. These multisensory stimuli in first-person perspective may drive participants to present a subjective anxiety to threats targeted at their virtual hand [START_REF] Zhang | Body ownership and response to threat[END_REF]. Body Ownership, or the sense of embodiment, comprises the sense of self-location (or proprioception), the sense of agency, and the sense of attribution (Kilteni et al., 2012) and was seen to evoke perceptual, emotional, behavioural, and physiological responses depending on the nature of the virtual body stimuli (Banakou et al., 2013;Bergstrom et al., 2016;[START_REF] Maister | Changing bodies changes minds: Owning another body affects social cognition[END_REF][START_REF] Preston | Illusory obesity triggers body dissatisfaction responses in the insula and anterior cingulate cortex[END_REF]Van der Hoort & Ehrsson, 2014).

C.3. Creating Body Swaps illusions through XR technologies

C.3.1. Mechanisms of Body Illusions

In the scientific literature on Body Ownership Illusions the most explored stimuli are visuomotor synchrony -seeing oneself in the body of an avatar that mimics one's movement in real timeand visuo-tactile synchronyseeing tactile stimuli applied to the avatar at the same time that it is applied to the hidden body part of the user. In most of the cases, the avatar is also in a congruent posture with the subject [START_REF] Tsakiris | On agency and body-ownership: phenomenological and neurocognitive reflections[END_REF][START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF].

Visuomotor synchrony can be applied only to movements of the head, or also to movements of the whole body [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF], and visuotactile synchrony can be passive (e.g.: being touched) or active (e.g.: touching an object) [START_REF] Tajadura-Jiménez | Active and passive-touch during interpersonal multisensory stimulation change self-other boundaries[END_REF]. But a proper combination of stimuli to promote strong embodiment illusions that includes realistic images, and a wide field of view may not require visuomotor or visuotactile stimulation [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. In fact, studies have shown that an avatar with realistic skin tone placed congruently to the user in immersive VR headsets does not require visuomotor or visuotactile synchronicity to produce the embodiment [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. Moreover, full body visuomotor synchronicity using the image of an avatar with realistic skin tone can induce a Body Ownership Illusion even under asynchronous visuotactile stimulation, which does not occur when the image of the avatar has a non-realistic skin tone [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]. Other combinations of stimuli, such as congruent full-body first-person perspective and visuotactile synchrony, can also be sufficient to create strong embodiment illusions, even with non-realistic human images (mannequins) and no head movements [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]. [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF] suggest two different mechanisms underlying these illusions: realistic congruent visual proprioceptive cues and congruent multisensory and/or sensorimotor cues. The first one is observed to be sufficient to create embodiment illusions when offering high resolution images and can create a ceiling effect in which congruent visuotactile and/or sensorimotor stimulation does not seem to be relevant. They argue that in situations when body overlap (virtual x real body) is low or the image is not strongly realistic, visuotactile and/or sensorimotor stimuli may play a fundamental role in enhancing the illusion when congruent or reducing it when incongruent. They also explain that when different stimuli are combined to create high illusion, incongruent cues are not consciously observed and do not break the illusion.

That could explain why different studies have shown embodiment in non-realistic images [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]Van der Hoort et al., 2011), non-congruent first-person perspective [START_REF] Guterstam | Illusory ownership of an invisible body reduces autonomic and subjective social anxiety responses[END_REF][START_REF] Lenggenhager | Video ergo sum: manipulating bodily self-consciousness[END_REF], and under asynchronous visuotactile stimuli [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF].

C.3.2. The role of agency illusion

Although correlated, evidence suggests that agency and body ownership are two different phenomena [START_REF] Sato | Illusion of sense of self-agency: discrepancy between the predicted and actual sensory consequences of actions modulates the sense of self-agency, but not the sense of self-ownership[END_REF] that can occur in different circumstances. Agency assumes a voluntary action (or at least the idea of a voluntary action), while body ownership may occur under both voluntary action and passive events [START_REF] Tsakiris | On agency and body-ownership: phenomenological and neurocognitive reflections[END_REF]. The subjective perception of agency over a body part is different from the subjective perception of agency over a physical action, so we can separate two different and parallel phenomena related to the sense of agency:

one is implicit (and sensorimotor) and the other is explicit (conceptual) (Villa et al., 2020).

Combined these two factors involves a combination of efferent (top down) and afferent (bottom up) processes [START_REF] Tsakiris | On agency and body-ownership: phenomenological and neurocognitive reflections[END_REF]. The Rubber Hand Illusion with visuotactile stimulation is a classic example of Body Ownership Illusion without agency [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF], that actually involves a subjective perception of agency, with affirmative agreements with the sentences "it seemed like I could have moved the rubber hand if I had wanted" and "it seemed like I was in control of the rubber hand" in self-reported questionnaires used to measure the illusion. But this subjective perception of agency decreases with visuomotor delay, without changing the sense of ownership [START_REF] Kalckert | Moving a rubber hand that feels like your own: a dissociation of ownership and agency[END_REF], which reinforces how these phenomena are different, although related. Even though it is not necessary for inducing Body Ownership Illusions, agency may contribute to the extent to which this illusion is felt. Using proprioceptive drift, the perception that the real hand is closer to the displaced rubber hand, evidence suggests that voluntary movements of body parts induce a global change in proprioceptive awareness [START_REF] Tsakiris | Having a body versus moving your body: how agency structures body-ownership[END_REF]. Meanwhile localised proprioceptive drifts were found in passive stimulation; during active movement of one digit, the proprioceptive drift was observed in the whole hand [START_REF] Tsakiris | Having a body versus moving your body: how agency structures body-ownership[END_REF]. More recently, different studies have used the Body Ownership Illusion with visuomotor synchrony and voluntary movement to induce an illusion of agency over the user's actions such as walking [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF] or speaking [START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF]. By embodying a digital avatar that could be controlled by the user's movements, researchers observed self-attribution of agency to subjects over actions taken by the avatar, even without any prior intention or priming [START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF]. In the mentioned study, the digital avatar would speak independently of the user's action creating not only the perception that subjects were themselves talking, but also changing the fundamental frequency of the user's voice after the experience. This illusion was found to be even stronger when a vibration stimulus was applied to the user's throat in synchronicity with the avatar's voice.

Several theories define the sense of agency based on the comparison between efferent and afferent information (for a cognitive and neural perspective of the sense of agency see the review of [START_REF] David | The sense of agency and its underlying cognitive and neural mechanisms[END_REF]. These concepts were implemented in an experiment in which researchers were able to induce the illusion of walking in subjects who were actually seated [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF] through a combination of priming and body ownership illusion. In this experiment, subjects could see themselves walking while perceiving an optic flow in the environment. Participants demonstrated high levels of body ownership in self-report questionnaires and physiological data and reported the feeling of walking and the feeling of agency of walking. Taken together, these findings suggest that agency illusions could eventually be combined with Body Ownership Illusions to create, for example, experiences in which the avatars perform prosocial actions that could be perceived as voluntary actions of the subjects themselves. Even so, this is a hypothesis that is yet to be investigated before being implemented in empathy-related training.

C.3.3. The role of exteroceptive and interoceptive stimuli

Recent theories of body cognition offer an interesting model on the nature of these processes. [START_REF] Tsakiris | The multisensory basis of the self: from body to identity to others[END_REF] bases his model on extensive reviews and experiments, suggesting that one's perception about one's own body combines the interaction of bottom-up brain phenomena (from the body to the brain) and top-down processes (from the brain to the body). In this model, real-time information on interoceptive states (such as proprioception, breathing, heart rate, and arousal) and real-time information on exteroceptive sensations (such as vision, touch, and taste) inform the brain's predictions of the perception of the body. The regulation between internal bodily states and external environment information (bottom-up processes), and mental concepts (top-down processes) give us the sense of ourselves and the space that surrounds us in the present moment. Neuroimaging research suggests that a significant prediction error is required to update the predictive internal models of the body matrix [START_REF] O'reilly | Dissociable effects of surprise and model update in parietal and anterior cingulate cortex[END_REF][START_REF] Riva | Embodied Medicine: Mens Sana in Corpore Virtuale Sano[END_REF]. Evidence of the effects of exteroceptive and interoceptive manipulations on enhancing

Body Ownership provides support for this body cognition theory:

• Exteroceptive: Sound has been shown to alter the perception of the body. For example, altering the sound feedback when touching objects may alter the perception of the arm length [START_REF] Tajadura-Jiménez | Action sounds recalibrate perceived tactile distance[END_REF], 2015a) and/or its strength [START_REF] Tajadura-Jiménez | Embodiment in a childlike talking virtual body influences object size perception, self-identification, and subsequent real speaking[END_REF]. Similarly, manipulation of the sound feedback of a hammer hitting the user's virtual hand can make the participant's hand feel stiff and heavier [START_REF] Senna | The marble-hand illusion[END_REF].

Furthermore, manipulations of the sound of someone's steps may also alter the perception of one's own body weight and change the pattern of someone's gait [START_REF] Tajadura-Jiménez | As light as your footsteps: altering walking sounds to change perceived body weight, emotional state and gait[END_REF]. Sound manipulation techniques have also been applied

to Body Swaps by changing the frequency of the user's voice feedback to become more similar to the avatar (childlike) causing changes regarding the user's voice recalibration toward the auditory feedback [START_REF] Tajadura-Jiménez | Embodiment in a childlike talking virtual body influences object size perception, self-identification, and subsequent real speaking[END_REF]. These experiments show the potential of sound manipulation to enhance Body Swap experiences.

• Interoceptive: Manipulations of interoceptive signals can also modulate embodied illusions. Evidence suggests that feedback of bio-signals such as a heartbeat can enhance embodiment illusions [START_REF] Suzuki | Multisensory integration across exteroceptive and interoceptive domains modulates self-experience in the rubber-hand illusion[END_REF]. Synchronous cardio visual signals increased self-identification and self-location in relation to the subject's virtual body, shifting their perception of touch toward the virtual body [START_REF] Aspell | Turning body and self inside out. visualized heartbeats alter bodily self-consciousness and tactile perception[END_REF]. Moreover, the combination of synchronous breath with first-person visual stimuli in an XR Body Swap experience enhances body ownership and agency perceptions [START_REF] Monti | The "embreathment" illusion highlights the role of breathing in corporeal awareness[END_REF]. Perceptive dimensions Boddy attribution, self-location (proprioception) and agency.

Highlighted mechanisms of XR Body Swap

Table I.1: Mechanisms to stimulate embodiment and its perceptive dimensions [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF] 

C.4. Perspective taking nature of Body Swaps

Since the 2000s, Virtual Reality has been used to study perspective taking Body Swaps using XR technologies allowing users to place their perspectives in different scenarios, universes, and play different roles. The nature of XR technologies, that displaces the point-of-view of individuals, shows a direct relation with the perspective taking concept and role-playing practice. This is reinforced when combined with Body Swaps that tele transport individuals not only to another environment, but also to the first-person perspective of an avatar in this environment. Having an avatar is something that places participants in the centre of one event, a reason why this technique has also been explored in immersive journalism (de la [START_REF] De La Peña | Immersive journalism: immersive virtual reality for the first-person experience of news[END_REF]. Moreover, Body Swaps with multisensory and motor stimuli offer a higher level of perspective taking not just in terms of the imagination or vision, but also by adding sensory As previously discussed, manipulations in the sense of the body have been utilised to allow individuals to feel that they own a different arm or body [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF][START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF][START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]. This perspective illusion can provoke positive empathic effects when addressing intergroup interactions. Using the Rubber Hand Illusion, different studies have shown that it is possible to induce empathy-related responses by replacing the arm of subjects with a light skin colour in one arm with a dark skin colour (Farmer et al., 2012;[START_REF] Maister | Experiencing ownership over a dark-skinned body reduces implicit racial bias[END_REF][START_REF] Farmer | Change my body, change my mind: the effects of illusory ownership of an outgroup hand on implicit attitudes toward that outgroup[END_REF], and that this effect was correlated with the strength of the embodiment illusion (Farmer & Tsakiris, 2012;[START_REF] Maister | Experiencing ownership over a dark-skinned body reduces implicit racial bias[END_REF] suggesting that the reduction of biases can be partially explained by the merging of one's body identity with the body identity of the outgroup. Adapting this idea to XR Body Swap settings, researchers were able to create interventions in which subjects with light skin can see themselves in an avatar with dark skin. These studies showed a decrease of negative implicit associations towards back individuals right after [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF] and even one week after the intervention [START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF], even though, some studies have shown no reduction of implicit biases after XR Body Swap interventions. In an opposite direction to studies previously mentioned, the first experiment using XR Body Swap showed negative empathic effects. After embodying a dark-skinned avatar for less than two minutes in a job interviewa situation that is known to be influenced by implicit biases [START_REF] Dasgupta | Implicit ingroup favoritism, outgroup favoritism, and their behavioral manifestations[END_REF])subjects demonstrated an augmented negative implicit bias [START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF] which could eventually be explained by negative stereotypes related to blacks in interview situations (as explained in the next item on the "Proteus Effect").

However, in a recent webinar, one of the leading researchers in the field, Mel Slater, discusses other possible reasons for this effect as being the result of the exposure to negative or stressful situations. Slater presents unpublished data comparing exposure to negative, neutral, and positive social stimuli while being in the body of a black avatar. Results shows that a negative social situation in a black avatar (i.e.: being avoided by people in the crowd) was responsible for an increase in negative implicit racial biases on the IAT (Implicit Association test; [START_REF] Greenwald | Implicit social cognition: Attitudes, self-esteem, and stereotypes[END_REF], while a decrease in negative biases was observed among individuals after being exposed to neutral or positive situations, which were respectively: being in a normal situation surrounded by a crowd, and being saluted by people in the crowd [START_REF] Slater | Transforming the self through virtual reality[END_REF].

In a previous study from the same lab [START_REF] Hasler | Virtual race transformation reverses racial in-group bias[END_REF], embodying an avatar in a social interactionthat could eventually be subjectively interpreted by users as being positive, neutral or negativeshowed no difference in the IAT, but did provoke positive empathy expressions in terms of behaviour. Participants with a black avatar showed higher mimicry with another black digital confederate when compared with a white digital confederate. As discussed in Section (A), mimicry is one unconscious interpersonal expression of proxemics correlated to empathy [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF].

Different studies have shown that Intergroup Body Swap can affect behaviour in different ways.

One week after embodying a black avatar in a neutral non-social situation, participants were invited to evaluate a mock crime scenario (Salmanowitz, 2019), a situation that is also known to be influenced by implicit biases [START_REF] Kang | Implicit Bias in the Courtroom[END_REF]. Besides presenting a decrease of negative bias, a higher number of 'Not Guilty' verdicts after analysing vague evidence of the mock crime scenario was observed among subjects that embodied a black avatar in comparison to subjects that had been into the same XR experience with no avatar at all.

Other positive effects of intergroup embodiment on behaviour were seen after stressful situations. A recent study showed that after stepping into the shoes of a woman being verbally harassed by men, male participants demonstrated a positive change in altruistic behaviour towards women in comparison to participants who embodied a man in the harasser group [START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]. Stepping into the shoes of a digital avatar that loses everything and becomes a homeless person has also been shown to enhance altruistic behaviour eight weeks after intervention [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF] showing that this type of stimulus can have long lasting effects in terms of individuals' empathic expressions.

Under a different paradigm of embodiment stimulusand without immersive interfacesresearchers have utilised a different technique called 'enfacement', that simulates mirror touch synaesthesia [START_REF] Fini | Embodying an out-group: the role of racial bias and the effect of multisensory processing in somatosensory remapping[END_REF]. Participants stand in front of a type of digital mirror showing the image of faces of different realistic avatars being stroked by a brush in the face. Mimicking the tactile stimuli provided in the avatar, researchers stroke the face of users with an identical brush, in synchrony with the image observed. After seeing the image of avatars with different phenotypes, subjects revealed a greater self-identification with more diverse phenotypic characteristics. On the other hand, another study with the same type of enfacement intervention [START_REF] Estudillo | Multisensory stimulation with other-race faces and the reduction of racial prejudice[END_REF] did not show any changes in implicit biases.

As we have seen, not all studies present the same type of results, and further research is required to understand the constructs and moderators underlying those results. But taken together, there is clear evidence that intergroup Body Swaps can affect empathy-related phenomena under different dimensions, such as self-other distinction, automatic mimicry, implicit biases, and altruistic behaviour.

C.5.2. Proteus Effect: Inducing behaviour change through an avatar's trait

In virtual environments, digital self-representations (i.e.: avatars) may influence users and lead their behaviours to be consistent with the avatar's appearance. This behavioural modulation, known as the Proteus Effect [START_REF] Yee | The proteus effect: the effect of transformed self-representation on behavior[END_REF][START_REF] Yee | The Proteus effect: implications of transformed digital self-representation on online and offline behavior[END_REF], has been observed in several studies. In their seminal work, [START_REF] Yee | The proteus effect: the effect of transformed self-representation on behavior[END_REF] have shown that attractive avatars lead to more intimate behaviour with a confederate in terms of self-disclosure and interpersonal distance. In a second study for the same research, they also observed that tall avatars lead to more confident behaviour than short avatars in a negotiation task. More recent studies have also shown that the appearance of the embodied avatars could influence the attitudes, beliefs [START_REF] Fox | The embodiment of sexualized virtual selves: the Proteus effect and experiences of self-objectification via avatars[END_REF] and actions of the users even after the intervention [START_REF] Peña | The priming effects of avatars in virtual settings[END_REF][START_REF] Guegan | Avatar-mediated creativity: when embodying inventors makes engineers more creative[END_REF][START_REF] Rosenberg | Virtual superheroes: using superpowers in virtual reality to encourage prosocial behavior[END_REF][START_REF] Yee | The Proteus effect: implications of transformed digital self-representation on online and offline behavior[END_REF][START_REF] Yoon | Know thy avatar the unintended effect of virtual-self representation on behavior[END_REF]. For example, the embodiment of an avatar resembling an inventor leads engineering students to show higher creative fluency and originality of ideas during a face-to-face brainstorming session conducted after the immersion in the virtual environment [START_REF] Guegan | Avatar-mediated creativity: when embodying inventors makes engineers more creative[END_REF]. In another study, participants that stepped into the shoes of an elderly character in XR walked slower after the experience than participants that embodied a younger avatar (Reinhard et al., 2019). This effect was observed only in the first part of the walk, suggesting a fast decay of the Proteus Effect, and it was moderated by the level of spatial presence reported by participants, but not of body ownership (Reinhard et al., 2019).

In immersive XR settings, embodying a casually dressed black avatar enhances users' performance in playing drums in comparison to embodying a formally dressed white avatar [START_REF] Kilteni | Drumming in immersive virtual reality: the body shapes the way we play[END_REF], which could be explained by a possible positive stereotypical association between black individuals and rhythm. In another experiment, it was demonstrated that embodying a Sigmund Freud-like avatar talking to a scanned version of their own body can help users improve their mood after self-counselling, in comparison to self-counselling in a selfrepresenting avatar [START_REF] Osimo | Conversations between self and self as Sigmund Freud-A virtual body ownership paradigm for self-counselling[END_REF].

Different studies also show that this phenomenon can be used against empathy. On the one hand, avatars related to negative personalities can induce anti-social behaviour. It has been shown in non-immersive VR environments that the use of an avatar resembling a member of the Ku Klux Klan activates more negative thoughts and leads users to participate more aggressively (e.g., murder, vengeance) in the stories created [START_REF] Peña | The priming effects of avatars in virtual settings[END_REF]. On the other hand, embodying avatars of disadvantaged groups may enhance negative stereotypes in some contexts. Studies have shown that embodying the avatar of a woman playing against a man led to lower mathematical problem solving than when playing as a man against a woman (Lee, Nass, & Bailenson, 2013). Moreover, woman embodied in a sexualised female avatar showed a higher tendency to blame victims in cases of rape [START_REF] Fox | The embodiment of sexualized virtual selves: the Proteus effect and experiences of self-objectification via avatars[END_REF]. As previously described, embodying a black avatar in a job interview triggered an increase of negative implicit biases [START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF], which could be related to negative stereotypes related to black individuals prior to the experience. More evidence of negative effects related to Proteus Effect can be found in non-immersive video games. Studies on violent video-games showed that white males have more aggressive thoughts when playing with a black avatar, in comparison to a white avatar [START_REF] Eastin | Identification and the influence of cultural stereotyping on post videogame play hostility[END_REF] and that embodiment of the avatar moderates in-game aggression [START_REF] Ash | Priming or proteus effect? Examining the effects of avatar race on in-game behavior and post-play aggressive cognition and affect in video games[END_REF]. Taken together, these findings show that XR Body Swaps could eventually enhance negative side effects of the Proteus Effect that the stereotypes related to the body and, therefore, content presented to subjects must be chosen with great care.

From a theoretical point of view, the Proteus Effect is based on self-perception principles [START_REF] Bem | Self-perception theory[END_REF], under which the individual explains his/her attitudes and internal states based on the observation of external cues. In this way, the appearance of the avatar would lead the user to make implicit inferences about his/her personal dispositions.

Considering the perspective taking nature of empathy, embodying an avatar could improve our ability to switch identity, take the point of view of someone else, and behave in accordance with this virtual identity. Moreover, an avatar with an empathic profile could lead the user to assume this trait. Embodying a superhero that helps the population of a virtual city leads users to behave in a more prosocial way in an off-line interaction with the experimenter [START_REF] Rosenberg | Virtual superheroes: using superpowers in virtual reality to encourage prosocial behavior[END_REF].

For instance, perceiving the characteristics of an avatar nurse or a humanitarian worker could activate some related concepts (e.g.: altruism, empathy) as well as inhibit more antithetical concepts such as aggression or violence. Moreover, these situational cues may lead to behavioural assimilation via an increase in the likelihood of behaviours congruent with the primed concept. Given this set of findings, one might expect that training methods using avatars designed and pre-tested to improve empathy would be relevant to induce beneficial behavioural changes.

C.5.3. Interoceptive manipulation: Affecting emotion regulation

In one experiment without XR (Azevedo et al., 2017a,b), researchers showed that tactile feedback of a slow heartbeat-like rhythm can make subjects more relaxed before performing a stressful task such as speaking in public, showing its potential implications in emotion regulation (an important ability for converting empathic distress into empathic concern). As mentioned previously, interoceptive signals can interfere in embodiment. It has also been shown

that interoceptive signals such as heartbeat can correspond to bias behaviour (Azevedo et al., 2017a,b) and that awareness of heartbeat signals relate, in significant part, to cognitive-affective processing [START_REF] Dunn | Listening to your heart. How interoception shapes emotion experience and intuitive decision making[END_REF]. These findings reveal a great potential for integrating bio-signal manipulations to help participants control their anxiety when faced with the stress of others, to interfere in anxiety triggered by an outgroup threat and to interfere in emotional processing such as affective empathy. This was the first setup of the system The Machine to Be Another, created in 2012. In this version, one performer wears a first-person perspective camera attached to the chest. This camera is controlled by servo-engines that move the camera horizontally and vertically. The servo engines are guided by the user's head movements tracked through their VR headset sensors. The role of the performer is to accurately copy the movement of the user. To do so, he sits next to the user and copies the gestures of his/her body in real time. Users wear a VR headset that lets them see from the perspective of the performer. They are instructed to move slowly (so that the performer can copy the movements accurately) and to control the agency of the body in XR. The dynamics offer a visuo-motor synchronous stimulus. Besides the user and performer, the system also counts with the intervention of a pair of guides. They provide synchronous touch for the performer and user at the same time, offering visuotactile synchronous stimulus. At the end of the experience, users and performers are placed face to face to shake hands, similarly to Petkova and Ehrsson's experiment (2008) in which one person can shake hands with their own self from the perspective of another individual. This version of the system, depicted in Figure I.1, has been used to present narrative performances, in which the performer shares a personal story about their lives while also interacting with personal objects (that are duplicated for the user and performer). The software used to perform this installation was developed by BeAnotherLab and consists of an XR player for desktop-based hardware (e.g.: Oculus Rift); it is coded using the programme Unity. For hardware, aside from the computer and VR headset, the system uses one wide-angle (180˚) first-person webcam (2880x2880pixels) of high velocity (min 60FPS) connected to a pair of servo-engines and Arduino (moving in X and Y directions) that is attached to the body of a human performer. The camera stands at the height of the face and the hardware is assembled on a customised jacket. The software used to perform this installation was developed by BeAnotherLab and consists of a XR player for desktop-based hardware (e.g.: Oculus Rift) and is coded using the programme Unity. As hardware, the system uses two computers and two VR headsets. One wide-angle (180˚) first-person webcam (2880x2880pixels) of high velocity (min 60FPS) is attached in front of each immersive headset to capture the first-person perspective of participants. The image of each camera is sent to the opposite headset, to swap first-person perspectives. The image on each headset is drawn on the XYZ position dictated by the headtracking of the other headset. That means that users can only see an image if they move their head in sync with their peer. BeAnotherLab)

C.6. The Machine

The alternated agency aspect

Another main difference of this two-way Body Swap stimulus compared to most of the existent XR Body Swaps systems is what we call alternated agency. The instructions of interaction are that both users mimic each other. The lead for the movement happens organically. Observation of the interaction of users, as well as their feedback in informal interviews, reveals that in most cases, users tend to alternate who starts and follows the gestures. On the one hand, in some cases, we observed a clear tendency of one person to lead the whole time or to follow the whole time, which seems to be related to the natural tendency of individuals for following or leading, as well as their good practice in terms of observing or not the other's actions. Anecdotal reports of Body Swaps between ego-centric bosses and their employees (or a controlling mother and her son) showed that this behaviour can be expressed in such a way that users do not share the agency, while keeping control of it. On the other hand, we observed that, in general, users tend to respect the instructions and practice the act of "listening to the other's body". This leads users

to alternate agency during the experience, but after some minutes of synchrony (in which user A leads while user B follows alternating with user B leading and user A following), it is common to have users reporting that at one point, they no longer know who is leading or following. Movements emerge organically in synchrony, in what we refer to as shared agency. from a first-person perspective, using as a basis the system The Machine to Be Another.

Through immersive cameras (with 235˚ or 360˚) positioned to capture the first-person perspective of the characters, the XR documentaries capture slices of life of the performers.

This allows users to have head agency (visuomotor synchrony of the head) while seeing themselves in the shoes of another person. Users are also instructed to follow the movements they see, which creates a synchrony between their body and the first-person perspective recorded in the video (visuomotor synchrony of the body). So, in this case, the user's body agency is dictated by the character tele present in the XR content. The virtual environment presents a documentary from a first-person visual and audio perspective with a narrative in voiceover alternating with interactions with other individuals in the real world registered by the immersive cameras. The audio is also recorded through binaural microphones (positioned in the ears of performers), that are mapped to match the headtracking of the user. The process of producing such content consists of a series of encounters with characters interested in sharing a personal story. In these encounters, performers first record a personal narrative following three main questions: i) What do you like to share? ii) How do you feel about it? iii) What do you expect as a response from the audience? After this, performers are invited to think together with producers about what scenes, locations and other people could be used to represent their stories. In the following encounters, producers help users to register images with the immersive camera. The process of edition is done by the artistic producers (BeAnotherLab), respecting the audio narrative recorded by the performer.

To provide a multi-sensory and motor experience (including stimuli such as touch, wind or odour) the system also counts on having one participant taking the role of the guide, who helps the user in XR to go through the experience. The guide receives audio and visual instructions in real time on a tablet or computer to perform these interactions and provide the user with a deeper experience. They also have the role of taking care of the user's safety (e.g.: avoiding any physical interference from other people or other objects in the real world, making sure that the user is in synchrony with the XR content, etc). The idea is that the guide and user can alternate roles and after both have performed both roles, they can debrief together about their experience.

This factor is particularly important to create a way to allow participants to reflect about their experience autonomously. The concept relates to the scuba diving principle of never diving alone, so participants are conditioned by the system itself to always count on having someone out of the tele present environment to take care of them. XR-ready Android phones connected to headsets). To run the XR player on standalone devices, the software also needs to be installed in a device for the guide (an android tablet, mobile phone, or a Windows computer). The guide app starts and stops the video and also provides instructions for the guide to perform multi sensorial stimuli (e.g.: handling a book, touching hands, making wind, providing smell of coffee, etc) in synchrony with the XR content. The reversed agency aspect

Although users cannot control the body, they can express agency over their physical body by agreeing (or not) to accurately mimic the gestures presented by the telepresent character. This specific characteristic of the system forged the concept that we refer to as 'reversed agency', which is a different type of interaction if compared to traditional Body Swap systems. In the 'reversed agency mode', users have agency over their movements (activating motor system), but are instructed to copy the movements of the avatars, instead of having the avatar mimicking their movements, therefore there is an agency over the body, but not over the virtual character.

Users adopt a deliberate action to command the body but under the control of the rules of the system. This enables the activation of the user's motor system and the body synchrony with the virtual character, although previous research on Body Ownership Illusion showed that the absence of movement (or agency) was possible for inducing full body illusion thanks to factors such as realistic image and visuotactile stimuli [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]. This dynamic of reversed agency mode has not yet been explored in the scientific literature and will be further discussed in the Chapter IV of this thesis.

C.7. Ethics in XR

The effects of XR technology on humans have not yet been fully understood from a scientific perspective. XR experiences can offer an emotionally intense stimulus with a deep level of realism and could, for example, act as a catalyst for current psychological conditions. Some risks have been discriminated (motion sickness; information overload; intensification of the experience; disturbances continuing after removing immersive headsets) leading to practical recommendations on research regarding VR technology, content, selection of participants and preparation for the experience [START_REF] Behr | Some practical considerations of ethical issues in VR research[END_REF] [START_REF] Madary | Recommendations for Good Scientific Practice and the Consumers of VR-Technology[END_REF] propose that their document on the ethics of XR is not the final code to be followed. Instead, it must evolve and engage the scientific community, content producers and civil society. More recently, another code of ethics regarding the realistic aspect of this technology was proposed [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF], pointing to issues such as the vulnerability of some groups (e.g.: children), after-effects with negative consequences (e.g.:

accidents caused by motion sickness, body dissatisfaction), blurriness of virtual and real situations, misuse (e.g.: physical harm, enhancement of negative stereotypes), as well as psychological and social consequences. In short, they summarized the article under a golden rule "treat others as you would have them treat you". In other words, it proposes that researchers and content developers practice empathy towards the users when designing content.

We can condense the main ethical aspects discussed by these researchers into empathic practice of transparency and respect. When using XR Body Swap as pedagogical tools for empathy it is fundamental to be cautious about the content, the technology, and the interaction, but that is not all. We must be transparent with all actors (learners, educators, parents) not only about the risks, but about the manipulative effects that this technology offers and the need for a broader discussion regarding this technology. Regarding risks, there is little research about the negative effects of XR technology, especially regarding age and long-term exposure. XR technology manufacturers tend to recommend a minimum age of 13 years old, which should be respected.

There is evidence that younger children do not experience motion sickness as adults do after being exposed to a VR roller coaster (Tychsen and Follen, 2018), which could also mean that they do not differentiate Reality and Virtual Reality as adults do [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. Besides that, XR can have side effects for people with psychiatric or psychological disorders, as well as for people sensitive to motion sickness [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF][START_REF] Madary | Recommendations for Good Scientific Practice and the Consumers of VR-Technology[END_REF].

Before implementing XR interventions it is recommended to double-check if any students may have a vulnerable profile in these areas. Besides this, as discussed in our literature review, XR is a powerful tool that may be used for manipulating the comprehension of the sense of self and others, and induce changes at implicit, cognitive, affective, and behavioural levels [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. On the one hand, society must be cautious about the misuse of this technology (e.g.:

dehumanization, enhancement of negative stereotypes). On the other hand, even for a noble purpose (i.e.: developing empathy) XR Body Swap tools should not be used as a manipulative tool. Instead, we suggest a transparent approach with participants inviting them for a voluntary experience to hack their own minds, instead of convincing them about a greater good. XR should be used as a tool for reflection about others' perspectives and for increasing critical thinking, and that is why we strongly recommend XR Body Swap experiences to be implemented with the support of educators who can guide participants into these reflections and critical thinking.

C.8. Highlights from Section C

This section explored how XR Body Swap can be used to promote empathy, defining strategies that will be adopted in the interventions envisioned in this research. Its main insights are condensed below.

• XR technologies refer to a wide range of media with different specificities, that have one powerful aspect in common that differentiate them from other types of media: the teletransportation of a participant´s virtual subjectiveness towards another perspective.

• XR Body Swap refers to body ownership of a full body that uses extended reality technologies to affect a participant's body cognition allowing them to feel as if they have a different body, inducing the illusions of body attribution, self-location (proprioception), and agency.

• XR Body Swap illusions can be created by different combinations of multisensory and motor stimuli, like: visuomotor synchrony of head and/or body, visuotactile synchrony (active or passive) congruent first-person perspective, agency (partial or complete), realistic image, three-dimensional audio, biofeedback.

• Body illusions in XR are also related to other psychological phenomena like presence illusion (realistic feeling of being in the environment), plausibility illusion (feeling that content of the experience was real) agency illusion (feeling of control over the avatar or events in the virtual environment).

• XR Body Swap can be used as a visceral perspective taking experience that engages a participant's mind and body to put themselves in the shoes of another individual in the simulation of a scenario that feels real.

• Scientific research has demonstrated that XR Body Swap can have positive empathyrelated effects even after the intervention, like reducing negative implicit bias, as well as inducing altruistic intention and behaviour.

• At least three different strategies in XR Body Swap experience design can be implemented to address empathic phenomena:

-Intergroup body swap to induce perceptual similarity with outgroups.

-Proteus Effect to prime a given behaviour related to an avatar´s trait.

-Manipulating bio-signals feedback to modulate interoceptive to regulate distress from intense stimuli.

• Initiatives like The Machine to Be Another use different combinations of low-resource multisensory and motor stimulus to create XR Body Swap illusions in very realistic scenarios and have the potential to be implemented in large-scale educational solutions.

Yet, research is needed to explore the effects and feasibility.

• Any approach aiming for use XR technologies for training, or empathy-related capacities, should have in mind ethical principles for a responsible research, that could be condensed into golden rules: transparency and respect.

Conclusion of Chapter I

Integrating definitions of different constructs, learning approaches and embodiment design strategies to create scalable XR Body Swap tools for promoting empathy in educational settings

Chapter I has brought an interdisciplinary perspective to how XR technologies could be used

for training empathic skills. During the processes of synthesising this information, we focused on some specific concepts recognising that there are numerous other approaches that can be adopted. The goal was to offer a guide for research in this new domain highlighting concepts, educational practices and XR techniques that can be used in empathy-related learning.

In Section (A), we defined different empathy-related concepts and how they may interact with and benefit each other. We highlighted important empathic abilities (cognitive empathy, compassion, altruism) that require some intra-personal capacities (emotional awareness and self-other distinction) and can benefit from correlated skills (like communication abilities and emotional regulation). We also discussed that while empathic abilities can be trained, being empathetic does not necessarily mean expressing empathy in a positive and healthy way in all circumstances. On the one hand, especially individuals with undeveloped emotional regulation abilities can feel overwhelmingly distressed when observing an intense situation of struggle, for example, which could lead to social avoidance or burn out. On the other hand, if the emoter is considered as an outgroup, empathic response may decrease or be blocked even among individuals with egalitarian goals. This happens through extremely high speed and automatic mental processes related to negative associations and anxiety deeply wired in our brains that is exceedingly difficult to regulate. Furthermore, ingroup favouritism intrinsically related to empathy may lead individuals to behave in an unfair way towards outgroups. These circumstances highlight that to build an empathic societythat is increasingly multicultural and diverseit is necessary to promote intergroup openness. We also demonstrated some strategies that can be used in that sense, like modulations of our similarities through mechanisms related to our body schema (visceral similarity) and body image (conceptual similarity).

In Swap stimuli chosen, (d) the ethical principles to be adopted throughout our work. In the following sections, we describe and detail those issues.

Adopting a design-based research approach

We developed our work under a designed-based approach (Baumgartner et al., 2003) also referred to as Education Design Research (McKenney & Reeves, 2013), which is a framework that was created to fill the gap between scientific research and practice (Lagemann & Shulman, 1999;Baumgartner et al., 2003).

Designed-based research is not a particular methodology. Instead, it usually adopts mixed methods (qualitative and quantitative) to address research questions related to complex educational problems and can be adopted to create new educational processes, programs, policies or products (McKenney & Reeves, 2013). It considers that the educational contexts provide a complex environment that influences the implementation and outputs of a given educational solution (Robinson, 1998;Baumgartner et al., 2003). Therefore, it questions the validity of generalizing a 'successful solution' that has been tested in one particular educational context, without necessarily taking into account the natural interaction across materials, teachers, and learners that has influenced this evaluation (Baumgartner et al., 2003).

Designed-based research is fundamentally characterized by a constant interaction between design and research in which knowledge is generated during the process of solving problems (McKenney & Reeves, 2013). McKenney and Reeves (2013) provide a comprehensive review of different theoretical conceptualizations of the nature of this approach, and synthesize some of its main principles, which include being: pragmatic on its focus to produce usable knowledge;

grounded in theory and empirical findings; interventionist in the sense that it aims to promote change in an educational setting; iterative, since it relies on constant re-design and adaptations based on analysis; collaborative, since it requires multidisciplinary partnerships; adaptive because it evolves in terms of intervention and research design during its process; and theoryoriented in the sense of being grounded in theory, but also committed to generating new theory.

Different authors propose a great variety of processes to ground a design-based research approach, each one with interesting specificities and different steps. A minimum set of steps is described by McKenney and Reeves (2013) as a constant interaction between defining a theoretical framework; designing the solution; testing and re-designing solutions; and searching for an understanding of design principles that can provide support for the evolution of the system or the work of other researchers.

Based on these concepts, we structured our research in four interactive phases, as described in 

Defining the problem

In the previous chapter we discussed that empathy is interconnected to several motor, cognitive, affective, motivational and behavioural dimensions that can be developed as social emotional capacities [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF]. We also highlighted that even among individuals with strong skills, these abilities may not be expressed in certain situations (due to environmental factors)

or dispositional conditions (due to intrapersonal factors) [START_REF] Gagné | The DMGT: changes within, beneath, and beyond[END_REF]. That means that the expression of empathic abilities is deeply related to the context in which they may occur or not.

Moreover, we have also shown that empathic phenomena are deeply modulated by intergroup factors, which can be considered a major challenge for the development of empathy in a multicultural society. For example, one may have high empathic abilities and express them by providing altruistic support to another individual in need of help, but this empathic expression may be blocked if the emoter is considered as an outgroup or evokes an implicit negative bias [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF]. Regarding the training of empathic capacities, we reviewed different pedagogical strategies (i.e.: Global Citizenship Education, Social-emotional-Learning and Constructivism) that emphasize the role of the environment in which this learning takes place.

Nevertheless, most of the research that we reviewed, which demonstrated positive effects of XR Body Swap on empathy, neglected this environmental factor, since they tend to take place in laboratory settings (e.g.: [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF]Banakou et al., 2006;[START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF] to, in fact, reduce the influence of external factors. In a different direction, one important contribution to this field has been applied to a more diverse population through a mobile laboratory and showed positive effects of XR Body Swap on empathic behaviour towards outgroups [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. Even so, the system used in this study (that adopts 3D images and required desktopbased computers and body motion tracking) is not easy (nor cheap) to be replicable on a large scale. This type of setup is common in traditional laboratory settings for XR Body Swap and requires costly development, hardware, and human resources [START_REF] Spanlang | How to build an embodiment lab: achieving body representation illusions in virtual reality[END_REF]. And this is indeed one of the larger barriers so far for the use of XR Body Swap as a pedagogical tool of high reach.

In the search for the best method to address these complex problems, throughout the enactments of our research we have evolved in the approaches that we adopted. For example, while in the first study we assessed self-reported empathy dispositionin line with the focus of most of the questionnaires related to empathy (e.g.: empathy Quotient, Baron-Cohen & Wheelwright 2004; Basic empathy Scale, [START_REF] Carre | The Basic empathy Scale in Adults (BES-A): Factor Structure of a Revised Form[END_REF]Interpersonal Reactivity Index, Davis, 1980;Toronto empathy Questionnaire, Spreng et al., 2009); the other studies sought to observe how XR Body Swap may affect empathy-related states in a given context and towards a specific individual.

Moreover, our research has prioritized exploring how to raise empathy capacities in intergroup relations. In other words, how we can affect empathic phenomena towards someone that lives in a reality different from our own. To address this intergroup empathy problem, most of our studies have chosen stimuli to explore the perspective of migrants living in France. This choice was made based on research that indicates how this group represents a minority dealing with a structural prejudice in western European societies [START_REF] Mclaren | Anti-Immigrant Prejudice in Europe: Contact, Threat Perception, and Preferences for the Exclusion of Migrants[END_REF]. As will be presented, in the first study, this was not possible due to the conditions where the experiment was implemented, but it was a constant focus in the subsequent studies.

In order to embed catalyst factors in our approachsuch as the ones adopted in pedagogies for empathy like Global Citizenship Education (UNESCO 2014) and constructivism [START_REF] Jonassen | Thinking technology: toward a constructivist design model[END_REF] another approach that we adopted was to create real-world case-based learning experiences. So, aiming for a faithful representation of real life and its social interactions, we decided to consider only content with non-fictional first-person perspectives: whether another person swapping bodies in real time or a character filmed in XR. Another catalyst factor that was considered in our research was the context in which the XR Body Swap experiences took place. Three of the four studies were conducted in an environment that was familiar and part of the routine of participants (e.g.: art venue, school, public library), and therefore, its assessment was subject to the context where it was presented. Finally, all of our enactments used lowbudget technology and content that could be implemented among many students at the same time and easily replicated as a highly scalable pedagogical tool for empathy.

Those approaches, envisioned to address the problems described above, were combined to address one main research question: "How do scalable XR Body Swaps affect intergroup empathic abilities among students in public educational settings?"

This question can be divided into three different goals:

• Goal "A" efficiency:

To analyse embodiment and intergroup empathic effects of scalable XR Body Swaps.

• Goal "B" engagement:

To explore how XR interventions can engage students' attention in thematics related to empathy.

• Goal "C" feasibility:

To explore how different XR Body Swap formats for interventions for raising empathic capacities can fit educational settings.

Regarding Goal "A" (efficiency), as described in our literature review, XR Body Swaps have been demonstrated to contribute positively to empathic responses, by, for example, reducing implicit biases and altruistic behaviour [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. Our aim was to analyse how low-resource versions of XR Body Swap systems (with a higher potential for scalability) affect embodiment and intergroup empathy dimensions.

Although Regarding Goal "B" (engagement), if we consider educational environments as a context for these interventions to take place, engagement becomes, in fact, one of the most important achievements for these pedagogical tools. In our research we will observe engagement using two different indicators: attention and emotional state.

Attention and interest are considered fundamental elements for a learning process, since there will be no motivation for learning if a topic or teaching format can't capture the attention and interest of students [START_REF] Small | Dimensions of Interest and Boredom in Instructional Situations[END_REF]. Especially among teenagers, interest is related to the perceived value of a given topic, stimulating the students to raise questions and reinforcing memory towards a learned topic (Duffy, 1972). In other words, true learning can't take place if we can't capture students' attention and interest. In the same way, emotional state plays a fundamental role in interest [START_REF] Berlyne | Motivational problems raised by exploratory and epistemic behaviour[END_REF]. Scientific literature driven by an affect-asinformation approach has demonstrated that arousal plays an important role in denoting importance to a given piece of information, which may facilitate rumination, mental process, and memory but not in extreme conditions [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF]. While exceptionally low arousal may not trigger the attention necessary for individuals to reflect on new information, extreme arousal may not be productive as well since it is likely to facilitate automatic thinking like stereotyping [START_REF] Bodenhausen | emotions, arousal, and stereotypic judgments: A heuristic model of affect and stereotyping[END_REF]. Arousal can be considered a mediator of different forms of affect. For example, a combination of pleasure (positive affect) under moderate arousal can lead to affective expressions like serenity, while extreme pleasures and arousal can lead to expressions like elation [START_REF] Bodenhausen | emotions, arousal, and stereotypic judgments: A heuristic model of affect and stereotyping[END_REF]. And in its turn, affect supports the evaluation of a stimulus and therefore interferes with our judgment [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF] driving a tendency to choose more pleasurable options in decision-making processes [START_REF] Cabanac | Pleasure in decision-making situations[END_REF]. Even so, the same counterproductive effect in extreme arousalthat leads one to rely on heuristic forms of information processingis also observed in extreme levels of happiness [START_REF] Bodenhausen | emotions, arousal, and stereotypic judgments: A heuristic model of affect and stereotyping[END_REF] and the place where it happens (i.e.: at a school or during a school visit to a public library). We did not adopt any hypothesis regarding this goal, choosing to observe the dynamics that these different approaches created among participants (such as students) and facilitators (such as teachers and school community).

Choosing a scalable XR Body Swap system

In order to choose an XR Body Swap system that can offer a scalable solution and the potential for embodiment experiences in terms of supporting empathic development, we aimed to understand what is the minimum combination of multisensory stimuli that could be used in order to induce immersive Body Ownership illusions in non-controlled environments. Findings of the study in which we took part ("The Plasticity of the Bodily Self Head Movements in Bodily Illusions and Their Relation to Gallagher's Body Image and Body Schema", Roel, Gaebler, Bertrand and Leggenhager, 2018), together with a review of other scientific experiments have guided our choice for the stimuli chosen, which are discussed below.

The role of realistic images and video-based low-budget XR Body Swap

In their model for the Building Blocks for Body Ownership Illusion [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF], Antonella Maselli and Mel Slater proposed two strong mechanisms for inducing embodiment even without any movement of the body: realistic first-person perspective and visual proprioception congruency. Other studies corroborate this indication [START_REF] Slater | First person experience of body transfer in virtual reality[END_REF][START_REF] Martini | The body fades away: Investigating the effects of transparency of an embodied virtual body on pain threshold and body ownership[END_REF][START_REF] Pavone | Embodying Others in Immersive Virtual Reality: Electro-Cortical Signatures of Monitoring the Errors in the Actions of an Avatar Seen from a First-Person Perspective[END_REF]. According to [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF] (that means a 2D image shown in the headset), under 3 degrees of freedom of the head, with a field of view restricted to the front of the participant (such as a webcam controlled by a servoengine of the one-way Body Swap system of The Machine to Be Another).

In our study (Roel Lesur et al., 2018), we used a real-time Body Swap system that confirmed that low resolution monoscopic images with 3 degrees of freedom and a restricted field of view (that let participants only look to their front and to their sides) are sufficient to create strong body ownership illusions. Findings opened the door for using low-budget systems derived from

The Machine to Be Another to deliver XR Body Swap experiences that could be implemented on a large scale in educational settings.

The role of visuomotor head agency

In their Building blocks of Body Ownership Illusion [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF], researchers also pointed out that sensorimotor congruent or incongruent stimuli could augment or reduce the embodiment illusion, respectively. Moreover, they presented evidence suggesting that when users have visuomotor head synchronous agency, the stimuli become strong enough to override visuotactile inconsistencies. This effect is of great interest if we envision a low-budget scalable system that can be implemented autonomously by teachers, in schools for example. That is the case because this situation results in interventions subjected to eventual interferences that would diminish the illusion (e.g.: visuotactile mismatches between the seen environment and the real environment). For example, the two-way Body Swap system of The Machine To Be Another (in which visual field is restricted by the other user's head position) would be more affected by imprecise tactile interactions that are not being fully controlled. Differently, systems like the Library of Ourselvesthat offers first-person synchronous head agencywould tend to suppress eventual visuotactile inconsistencies.

The study we performed (Roel Lesur et al., 2018) addressed this question besides hypothesising a theoretical framework that could eventually support guidance on disentangling two different components of embodiment illusions: head and body factors. In this article we present an empirical study that manipulates a participant's body perception by connecting in real-time users with an XR headset to a performer under synchronous and asynchronous visuomotor and visuotactile stimuli. Results confirmed our hypothesis that synchronous visuomotor stimulation would lead to higher embodiment than asynchronous stimuli. They also shed light on another research question for which contradictory evidence in the literature review could not establish a clear hypothesis: that the interventions were effective in inducing illusion even under visuotactile incongruencies (when comparing synchronous and asynchronous tactile stimuli).

Therefore, it extended previous findings from [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF] related to incongruent stimuli. We showed that, through video-based XR Body Swaps, we can create body illusions under asynchronous visuotactile stimuli, and also under a slight spatial proprioceptive mismatch of superior limbs (a small displacement of the position of the arm). Our findings contradicted the seminal studies on Body Ownership using immersive headsets with video-based content [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF][START_REF] Petkova | The perspective matters! Multisensory integration in ego-centric reference frames determines full-body ownership[END_REF] that showed that visuotactile asynchrony reduced the illusion. Differently from our set up, these studies did not offer users the opportunity to move their heads. In the search for an explanation of the conflicting results in relation to these other video-based Body Swap experiences, we proposed a theoretical hypothesis suggesting the separation of body and head factors on body illusions. Grounded on Shaum

Gallagher's notion of body image and body schema [START_REF] Gallagher | Philosophical conceptions of the self: Implications for cognitive science[END_REF](Gallagher, , 2005a(Gallagher, , 2005b)), we suggested that head movements may act as binding factors between body image perception and body schema. While body image refers to the notion of our own body through perception, conceptual understanding, and emotional attitudes; body schema stands for our automatic ability to guide actions regardless of our perceptual monitoring or intention, that result from sensorimotor afferent input and efferent output. In our article we considered head agency as a component of the perceptual aspect of body image, but a critique of this article proposed by Felipe Léon [START_REF] León | Sense of Ownership and Sense of agency in First-Person Perspective Full-Body Illusions[END_REF] highlighted how head agency should instead be considered an activator of body schema, once during these interactions there is not a conscious focus on the role of the head movements from the side of the participant. Indeed, we agree with León's perspective on the importance of agency, and we argue that both head and body agency, that are common interactions in immersive Body Swap systems, are responsible for the activation of the user's body schema, since these are stimuli directly related to the regulation of body's actions. Under this notion, we can observe that bothbody image and body schemaare activated (by first-person congruent perspective; and by visuomotor synchronous agency of the head and/or body). Therefore, the integration of these two components of our body construct could eventually explain why stimulation of the motor system (i.e.: head or body congruent movements) could enhance the illusion such as demonstrated in the case of head movements overriding visuotactile imprecisions [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF]Roel Lesur et al., 2018). On the one hand, our theoretical hypothesis is yet to be investigated experimentally, which was also proposed in our article. On the other hand, the evidence discussed has shed light on the use of full head agency for monoscopic video-based systems to allow participants to experience XR Body Swaps despite tactile interactions have no precise temporal synchrony. Even so, if we want to deliver content in which the participant in first-person perspective that experience embodiment can interact with the virtual world, aside from simply being one observer, we will still need to take into account visuomotor inconsistencies that could break or diminish the illusion.

The role of body visuomotor synchrony on XR Body Swaps

In line with our findings (in Roel Lesur et al., 2018), many studies have pointed to the important role of visuomotor stimulation on Body Ownership Illusions: while synchronous visuomotor stimuli can augment illusions, incongruencies tend to break them [START_REF] Dummer | Movement and the rubber hand illusion[END_REF][START_REF] Tsakiris | Having a body versus moving your body: how agency structures body-ownership[END_REF]. Elena Kokkinara and Mel Slater (2014) explored the relation between body visuomotor and visuotactile stimuli on embodiment. Combined, both can enhance the illusion if congruent, or completely break them if incongruent [START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. On the one hand, body visuomotor congruency seems to be more powerful than visuotactile stimuli to induce embodiment and can even override asynchronous tactile stimuli (also seen in Kilteni et al., 2012). On the other hand, it is possible to generate the illusion with asynchronous visuomotor stimulus combined with synchronous visuotactile stimulus, although the illusion tends to be diminished [START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. Finally, visuomotor incongruence combined with visuotactile incongruence is incompatible with body ownership illusions [START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. These findings were discussed based on experiments in which the visuomotor incongruence was generated after participants were asked to actively move their bodies.

But some studies have shown that it is possible to create body illusions under asynchronous visuomotor stimuli when participants do not actively move their body [START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF][START_REF] Pavone | Embodying Others in Immersive Virtual Reality: Electro-Cortical Signatures of Monitoring the Errors in the Actions of an Avatar Seen from a First-Person Perspective[END_REF][START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF]. In the studies from [START_REF] Pavone | Embodying Others in Immersive Virtual Reality: Electro-Cortical Signatures of Monitoring the Errors in the Actions of an Avatar Seen from a First-Person Perspective[END_REF] and [START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF], passive observations with first-person realistic first-person images of an avatar moving its arm to grab a glass were seen as able to elicit both Body Ownership Illusion. In fact, in [START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF] the stimuli also led to the illusion of vicarious agency (feeling the agency of the observed movement). In [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF], using full body perspective and visuomotor head agency, researchers observed that participants who stayed seated could feel ownership and agency towards the body of a virtual avatar walking. In fact, participants also demonstrated subjective and physiological evidence showing that they felt as if they were walking. All of these studies offered realistic proprioceptively congruent first-person perspective, which should elicit embodiment and, under our theory, stimulates a body image construct. Participants could also move their head in synchrony with the image they saw, creating visuomotor congruency of the head, also activatingunder our view -a body schema construct. Moreover, differently from previous interventions related to visuomotor incongruencies [START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF], participants were instructed not to move their body. This means that there were no efferent signals involved from the side of the participants that could conflict with the avatar's body movements. Another aspect that cannot be ignored is that in the first and third cases, participants also reported agency illusion (they felt as if they were causing the movements of the avatar), and we know that agency illusion and body attribution are deeply related (Kilteni et al., 2012).

Kokkinara and colleagues [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF] discussed that the agency illusion effect was observed for one type of action that is predictable, repetitive and which has a clear pattern of movements [START_REF] Grillner | control of locomotion in bipeds, tetrapods, and fish. Handbook of Physiology, The Nervous System[END_REF]) (e.g.: walking), and they question if the results would be similar after a more random and unpredictable movement. Priming the action, which is a requirement for vicarious agency over another's gestures (Wegner et al., 2014), is indeed a plausible argument to explain the agency illusion observed in the study from Tieri and colleagues as well [START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF]. That is because users saw, repeatedly (under different conditions of body discontinuity), the same action being performed: grabbing a glass of water.

In fact, there were no other objects in front of them that could distract the attention of the users, and the idea of grabbing a glass of water is something which is very present in our daily routines.

These two studies indicated two factors that could eventually explain the body ownership illusion and agency which happens under visuomotor incongruency: repetitive/predictive movements and/or having the body still. These two factors relate to two different dimensions of the sense of agency: one explicit (that is conceptual) and another implicit (that is sensorimotor) (see Villa et al., 2020).

Taken together, the findings suggest that, up to now, the most pragmatic reliable ways of maintaining embodiment illusion in which the avatar performs body movements are: (i) to provide accurate visuomotor synchrony for the body; (ii) to restrict participants' body movements by offering experiences in which they are merely observers in first-person perspective without being able to interact with the environment, while having visuomotor head agency; (iii) to provide experiences in which movements occur only in a repetitive and predictive manner, while having visuomotor head agency.

The option of choosing the two-way Body

Swap of the system The Machine to Be Another

One of the most used systems by the art collective BeAnotherLab is the interactive installation called Body Swap, described in Chapter I. This protocol allows two participants physically present to exchange perspectives, providing visuomotor and visuotactile synchronous stimuli with a realistic image and congruent first-person perspective. In this system, agency is alternated between two usersand perhaps shared at the same timein order to define the gestures that they will adopt. Participants do not have a complete freedom to move their head or body; instead, they must conduct their gestures slowly and copy their peers. As we explored in this chapter, the restricted field of view of the participants is likely to require a very precise visuotactile and visuomotor interaction so that the illusion can take place. Anecdotal evidence collected from the collective in a wide range of contexts (schools, art venues, grass-roots social activities, and international political events) indicates that the installation has great potential to provoke strong emotional responses, and very high engagement. We assume that this system could provide a relevant solution for implementation as a pedagogical tool aimed at fostering inter-individual empathy between subjects from the same environment. Even so, there is no scientific research regarding the effects of this particular scalable intervention in terms of either embodiment or intergroup openness, or empathic expressions.

The option of choosing the system Library of

Ourselves

As described in the first chapter, the system Library of Ourselves provides a solution that can offer the possibility of experiencing the perspective of an outgroup individual. The "Library" offers pre-recorded immersive video experiences with what we will refer to as 'low-resources multisensory stimuli', which stands for a combination of first-person realistic images, synchronous visuomotor head agency, visuomotor body congruence (without body agency) and visuotactile body stimuli that are not necessarily in perfect synchrony. One main difference of the Library of Ourselves system compared to other XR Body Swap experiences is the interactive mode of "reversed agency" that allows the body visuomotor synchrony even without the need for body sensors. As described in the first chapter, in this mode, the virtual character is the one that has the agency of the user, that is instructed to mimic the movements of the avatar. Eventual imprecisions in the act of mimicking the avatar should not break the illusions, since as we demonstrated in Roel Lesur et al. (2018), embodiment was observed to be felt even under slight proprioceptive mismatches between avatar and participants (Roel Lesur et al., 2018). This reversed agency mode allows congruent visuomotor stimuli to be offered even if the system does not offer agency of the participant over the virtual body. The reversed agency mode is likely to reduce the perception of agency if compared with a traditional agency mode (in which participants control the avatar). This would happen because freedom to act has been reported to be an essential element to create the sense of agency (Villa et al., 2020). Although having agency over the avatar would be preferable to contribute to a higher feeling of embodiment, in the case of pre-recorded experiences that present events that are not predictable neither can be controlled by the participant, this would be technically challenging. In that sense, the model of reversed agency offers advantages over the other solutions we discussed (having participants still and/or presenting only repetitive movements). Using this model, participants can engage their body motor system (body schema) in the story, and it does not need to be restricted to repetitive/predictive movements. Moreover, it opens doors for providing another layer of stimuli: tactile interactions that are plausible for the experience. That means that, for example, participants can shake hands with another virtual character from the perspective of the avatar and feel realistic tactile stimuli that are plausible in the context of the experience. This realistic feeling of touch is also created by using low-resources. The system's visuotactile stimuli are not provided by robots or haptic devices aiming to simulate touch, but instead by the real touch caused by real objects or another human being (a second user playing the role of the guide).

Besides providing a realistic tactile sensation, the interactive design made for two participants that alternate between user and guide contributes to: safety (the guide can prevent the user from bumping into things); reciprocal empathy (the guide has the role of 'taking care of the user');

and a social interaction that facilitates the debriefing of the pairs of participants that can exchange their impressions related to the experience with each other. The combination of the reversed agency mode with the role of the guide provides a safety margin for errors on the stimuli for the body ownership illusion, in which visuomotor or visuotactile synchrony contribute to compensating for an eventual temporary error by one or the other.

Besides these factors related to the quality of the experience, the system offers advantages related to its scalability. Regarding the hardware, it runs on all types of headsets: from fancier desktop-based wired head-mounted-displays to mobile phones with cardboard head mounted displays. It does not need a computer, or cables, and runs on even older generation of standalone devices (such as the Oculus Go that can cost around 200 euros), which amplifies its accessibility. Regarding the software, it uses a Creative Commons Non-Commercial Share Alike player that does not require previous technological knowledge to be used. Another key aspect is the production of content with low resources. The simple production process of Body Swap movies (that can be done with a single immersive 235-degree camera without the need for complex post-production) allows the creation of movies that can address different contexts and be generated locally. Besides that, each piece of content developed is not necessarily restricted to a geographical spot, and it can be widely distributed and replicated. For example,

an XR movie about bullying in a school in Paris can be relevant for presentation all over France, and not only in the school where it was created. Finally, different from real-time experiences that rely on the way users will interact regarding their movements, the Library provides controlled content that does not vary from user to user, ensuring that a particular intention (e.g.:

presenting the perspective of one individual) is preserved even without close supervision.

Adopting an ethical approach

Following some ethical concerns about the use of XR technologies raised by scientists [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF][START_REF] Madary | Recommendations for Good Scientific Practice and the Consumers of VR-Technology[END_REF], we summarized below a list of good practices for implementing XR Body Swap pedagogical tools for empathy that were adopted during our research:

• Assure support for eventual health issues: including immediate support or psychological support in case of negative side effects related to the body (i.e.: spatial disorientation, nausea, sickness, headache for hours, throwing up, not being able to drive) and psychological effects (i.e.: emotional distress).

• Offer XR experiences only under informed free-will consent of the participant informing about side effects of XR (i.e.: providing a written consent form with all information) and reinforcing that participants can stop the experience at any time if they feel they need to.

• Do not impose social/hierarchical pressure over individuals to submit to the XR experience against their will (e.g.: to coerce students to take a course in XR). It is good practice to offer different alternatives that do not require XR for users who are not comfortable with the technology and who may be obliged to access particular content.

• Follow age recommendations for use of XR devices either from scientific recommendations or from manufacturers (i.e.: most manufacturers recommend a minimum of 13 years old).

• Avoid long exposure in XR. A lack of scientific evidence related to long exposures to XR does not allow a recommended length for XR experiences to be set. The minimum would be to follow the XR device's manufacturer's recommendation (some say no more than 30 minutes without a break), and it is also important to undertake future research on that topic. A preferred pedagogical approach would be to aim for short XR experiences of an appropriate time to decompression and debrief.

• Offer a safe space and time for transiting between reality and virtual reality. Going into XR deprived from their natural senses can make participants feel vulnerable. The settings of XR experiences should offer a safe space in which they can disconnect and get immersed. It is positive to give participants time to get ready for XR (i.e.: to feel comfortable with the equipment and team that provides it) and to decompress after an XR experience (i.e.: to recover, reflect and process what they felt).

• Facilitate self-reflexion. Interventions should ideally be facilitated by trained educators who can guide a debrief and reflection about what was felt during the experience. This process can be done after an initial exchange between participants themselves, such as happens in the interaction between guide and user in the Library of Ourselves. Providing tools such as Livre d'Or in which users can write their impressions can also facilitate the process of self-reflection. But ideally, XR experiences should not be considered as a standalone intervention, but rather as a stimulus that can be used to be discussed with the support of an educator.

Summary of general goals and hypotheses

As presented in subsection 2 of this chapter ("Defining the problem"), the work of this thesis is focused on addressing the main research question: "How do scalable XR Body Swaps affect intergroup empathic abilities among students in public educational settings?" To answer this, we have three main goals and two main hypotheses:

Goal A) efficiency: Analyse embodiment and empathic effects of scalable XR Body Swaps.

General hypothesis A:

Scalable XR Body Swap can induce embodiment-and intergroup empathy-related responses.

Goal B) engagement: Explore how XR interventions can engage students' attention in thematic related to empathy.

General hypothesis B:

Scalable XR Body Swap interventions can engage students' attention and induce optimal emotional states for learning.

Goal C) feasibility: Explore how different XR Body Swap formats of interventions for raising empathic capacities can fit educational settings.

There is no general hypothesis for this goal.

Taken together, these three goals and hypotheses aim to provide insights into the usefulness of scalable immersive XR Body Swap media themselves as pedagogical tools for supporting educators to facilitate the development of their students' intergroup empathy capacities.

Throughout each empirical study, we will detail specific goals and hypotheses derived from these main topics.

Part III:

Empirical studies

Analysis of scalable XR Body Swap interventions for empathy in different settings

In order to answer our main goals related to efficiency, engagement and feasibility of the use of scalable embodied technology for supporting the development of empathic capacities, we carried out four studies using artistic interventions derived from The Machine to Be Another.

We wanted to test our main hypotheses that scalable XR Body Swaps can be used in educational settings for promoting intergroup empathy capacities and engaging students' attention through optimal emotional states for learning. but also, to investigate a first incursion into the integration of data collection and interventions designed as artistic installations. In that way, it was implemented in one artistic venue, while being envisioned to be further adapted into educational settings. Conclusions based on this first enactment, that will be further presented, led us to discard the possibility of using the real-time body swap system and choosing instead the system Library of Ourselves for Studies 2, 3 and 4.

The Library of Ourselves presents documentaries with a personal story from the character's point of view, while adopting a "reversed agency mode" in which users follow the movements of the avatar. Besides that, it provides XR Body Swap narratives that can be created or adapted to address local and specific social contexts. Differently from the stimulus presented in Study 1, the Library of Ourselves uses portable low-cost hardware which facilitates its implementation in the field, but also its replication and scalability.

In Studies 2 and 3, we wanted to observe the effects of interventions using XR technology on empathy-related phenomena, by comparing narratives presented in XR and 2D video, and collecting data after workshops directed to mid high school students. These workshops were performed in real educational environmentsa school and a public libraryalso raising insights about the feasibility of the implementation of these interventions in the field. The content presented in these workshops was movies with first-person narratives of migrants living in France (from Syrian and Ivorian origin), that were developed by BeAnotherLab and are widely presented as artistic pieces. In Study 4, we performed a correlational analysis in a more controlled environment through individual workshops for university students, aiming to better observe the interrelation between embodiment, intergroup openness, self-reported empathic expressions, engagement, and altruistic behaviour. For Studies 2 and 3, we expected to observe a significant difference between groups on embodiment, implicit biases, self-reported empathy and altruistic intention. We also wanted to explore if XR Body Swap workshops for empathy could fit traditional public educational environments. In these experiments, the interventions were successfully deployed indicating formats susceptible for scalable implementation. We observed significant differences in embodiment, highlighting the role of touch even regardless of the precision of physical interactions. We also observed that XR interventions were more effective than video interventions in reducing implicit biases even among a population with low levels of negative biases. Findings led to a discussion about the relation between the mild or no significant responses in the other dimensions with a ceiling effect in the population tested regarding the intergroup empathy target for migrant and refugee individuals. This ceiling effect was observed for intergroup openness (high percentage of individuals without or with low implicit negative bias); high scores on self-reported empathic states (empathic concern, as well as affective and cognitive empathy); and high percentage of individuals declaring altruistic intention, although with a lower rate of individuals with high altruistic motives. For Study 4, we expected to observe correlations of embodiment with engagement, intergroup openness, and altruistic behaviour. We also wanted to verify if altruistic intention could be a reliable variable of empathy by comparing its correlation with altruistic behaviour. Results indicated that higher embodiment was correlated with higher engagement, and that both (higher embodiment and engagement) were correlated with higher intergroup openness (higher subjective group proximity, higher tendency towards altruistic intention and altruistic behaviour). Moreover, we have observed that positive altruistic behaviour happened only among participants who declared altruistic intention, but the opposite direction was not necessarily true: participants who declared altruistic intention did not necessarily engage in altruistic behaviour.

Each study is individually described and discussed in the next parts. Conclusions after each enactment indicate adaptations required to continue the investigation on a scalable XR Body Swap solution. All the studies followed the Declaration of Helsinki´s ethical standards and were approved by the ethical committee of the Faculty of Arts and Science at the University of Zurich under the project "Changes in affective and social behaviour after virtually embodying another person using the art project The Machine to Be Another" (Approval Number 17.12.10).

Study 1: real time XR Body Swap in an artistic setting

Context

In the first enactment of our research, we intended to explore the use of the first system contemplated as a possible solution in our chapter "Problematics": the two-way body swap with

The Machine to Be Another. Therefore, we designed a study to analyse how embodiment, engagement, empathy disposition and inter-relational factors (such as subjective self-other overlap and interpersonal distance) correlate with each other. The experimental design contemplated a brief pre/post assessment that did not interfere with the procedures for the artistic intervention itself. We have identified the opportunity to implement this study during the Biennale of Digital Arts in Paris. The installation was presented during a period of three months, at the end of which we collected data, which offered the ideal conditions for providing a homogeneous stimulus to all participants. Despite that, the study was constrained by the dynamics of the context that favoured the experience happening mostly between familiar individuals.

Specific objectives and hypotheses

In this study, we focused on two specific objectives.

Our first specific objective was to observe how the profile of participants, the embodiment illusion, and the experience effects correlate. This objective derived from the main Goals A (efficiency) and B (engagement) and consisted of observing the relationship between four different dimensionsembodiment, empathy, engagement, and demographic profilein a setting outside a laboratory. For this objective, we adopted the following hypothesis: After swapping bodies with a familiar individual in XR, reports of stronger illusions in different dimensions of embodiment (a) are correlated with higher empathy (b) and higher engagement (c) regardless of participants' profile (d).

Our second specific objective was derived from the main Goal C (feasibility) and consisted of exploring the feasibility of the implementation of data collection without interfering with the XR intervention per se. In that sense, this first enactment would work as a pilot test for the implementation of this system in an environment with its own set of limitations, envisioning a future adaptation for educational settings. For this second specific objective, there was no specific hypothesis.

Methods

Participants

All participants were recruited among visitors of the Biennale Nemo who were already booked for experiencing the Body Swap experience. The audience paid for their tickets for the Biennale (12 euros) and did not receive financial compensation for taking part in the experiment. The initial sample consisted of 150 participants. Overall, 54 participants were excluded from the analysis due to technical problems in the stimuli (i.e.: failure in the equipment that compromised audio instructions for one of the participants in the dyad led to the exclusion of data related to both participants). The final sample (N=96) consisted of 39 men (41%) and 56 women (58%), and 1 participant who identified as other (1%). Participants were all older than 18 years old. We did not collect data for age. Most participants (80%, n = 77) were born in France, and 20% (n=19) were born in other countries. All the participants knew each other before the experiment, which did not allow us to observe intergroup effects.

Materials

a. Stimuli

In this version of the system The Machine to Be Another, two users are invited to swap bodies in real time. Each user wears a VR headset that receives the first-person image of their partner drawn in the same position as their partner's head movements. They are instructed to move slowly and mimic each other's body and head movements during a 10-minute experience. The mimicry between them is responsible for the visuomotor synchrony of head and body. These instructions also favour a dynamic of alternated agency (users must alternate between the role of leading and following movements) which anecdotal evidence collected by BeAnotherLab suggests favours a state of shared agency (in which participants do not recognize who has started the movement). The experience was conducted by two guides who performed extensively rehearsed choreography through which they provided a synchronous visuotactile stimulus to users (i.e.: touching hands, feet, offering objects). In the experience, participants could see themselves in the body of the other, moving hands, arms and legs and looking at the mirror. At the end of the experience a movable wall, that initially separated them, was removed so that users could face and shake hands with the image of their real selves, from the perspective of the other's body. Through headphones, users listened to relaxing music that isolated them from the outside world, and also provided them with instructions for each step of the experience (i.e.: move hands, touch guide's hands, let the guide touch your fingers, let the guide touch your photo, hold an object, and let the guide help you to stand up at the end of the experience).

Each installation consisted of the use of two VR headsets with audio headphones (Oculus Rift CV1), two computers appropriate for VR experiences (Ram 16G, Graphic Boards N-Vidia GeForce GTX 1060), customized HD webcams of high velocity (1080 pixels, 60FPS), HDMI and powered USB extenders, and one tablet for controlling the start of the experience and triggering audio instructions. The cameras were placed in front of the headsets, simulating the position of the eyes of participants, and their images were swapped with each other (camera of headset A sent the image to headset B, and vice-versa). Devices were connected through a router that synchronized head tracking and audio information for both users. The system ran software specially designed by BeAnotherLab to control the images and audio, and also interchange the head tracking position (the image of headset A was drawn based on the head tracking of headset B, and vice-versa).

b. Measures

To quantify the feedback of participants, in terms of the experiences related to the hypotheses previously mentioned, we designed a set of subjective measures and one objective measure addressing five dimensions: demographic profile, embodiment, empathic disposition, objective interpersonal distance, subjective interpersonal overlap.

To assess embodiment and agency variables, we adopted the ad-hoc questions described in Table III.1.1.

A. embodiment

(Ad-hoc questions)

Embodiment Embodiment was assessed using five items measuring different dimensions: body attribution (also referred to as body ownership), proprioception (or self-location), agency, and feeling out of body. Participants answered on a 7-point Likert scale ranging from 1-7

(1= I strongly disagree, 7= I strongly agree).

Body attribution "I felt that the virtual body I saw when I looked at myself was my own body."

Self-location "I felt my real body was in the same place as my virtual body."

Agency "I felt that the movements of the virtual body were caused by my own movements."

Out-of-body "At the end of the experience, I felt like I was outside of my real body and facing it." 2bodies (control) "I felt that I had two bodies."

Alternated. agency

Participants were asked to estimate how much they thought they were leading and following the movements of the other during the body swap experience (from 0 to 100 % of the time). These variables were negatively correlated (Spearman's correlation rho (rs) = -0.3, p = .004), meaning that the higher the percentage of only leading, the smaller was the percentage of only following.

Only.leading

"For what percentage of the duration of the experience (from 0 to 100%) did you feel that you were only directing the movements?"

Only.following "For what percentage of the duration of the experience (from 0 to 100%) did you feel that you were only following the other's movements?"

Balanced.agency To observe if participants were leading and following in an equivalent way, we calculated two binomial variables derived from Only.leading and Only.following: Balanced.leading and Balanced.following. These two variables were strongly correlated (rs = 0.7, p < .001).

Then, we created a binomial variable called Balanced.agency that coded results as "1" only when both variables (Balanced.leading and Balanced.leading) were equal to 1 and coded as "0" in other situations.

Balanced.leading A binomial variable labelling as '1' participants who declared they were leading for an estimated period between 40 and 60% of the time, and '0' for participants who estimated outside that range.

Balanced.followi ng

A binomial variable labelling as '1' participants who declared they were following for an estimated period between 40 and 60% of the time, and '0' for participants who estimated outside that range.

Shared.agency

To observe the occurrence of an indefinition in terms of who was leading or following, as anecdotal evidence suggested, we created two questions expressing two different ways that users tend to report this phenomenon (both leading/following; and neither leading/following). The variable Shared.agency considered the addition of scores from both these questions that were positively correlated (rs = 0.35, p < .001).

Both leading /

following "What percentage of the duration of the experience (from 0 to 100%) did you feel that no one was leading the movements?" Neither leading/following "What percentage of the duration of the experience (from 0 to 100%) did you feel that you were both leading the movements?"

Table III.1.1: Measures of embodiment

To assess empathy variables, we adopted the ad-hoc questions and standardized psychometrics described in Table III.1.2.

B. Empathy

(Ad-hoc questions and psychometrics)

Empathy disposition (after)

Ad-hoc questions to assess cognitive and affective empathy disposition of the population.

Due to the time constraints of the intervention, and to the fact that this was not our main measure, we could not perform full questionnaires on empathy profiles that usually have many items (e.g.: Basic empathy Scale in Adults (BES-A) with 20 items [START_REF] Carre | The Basic empathy Scale in Adults (BES-A): Factor Structure of a Revised Form[END_REF];

Interpersonal Reactivity Index with 28 items [START_REF] Davis | A multidimensional approach to individual differences in empathy[END_REF]. Therefore, we selected one question for affective empathy (from BES-A) and formulated a general question about cognitive empathy, to unify with the standard of alternatives used across questions. These dimensions were measured using a Likert-scale ranging from 1-5 (1= I strongly disagree, 5= I strongly agree).

Emp.affect. (after)

Item number 5 of the Basic empathy Scale validated for adults (Base-A, [START_REF] Carre | The Basic empathy Scale in Adults (BES-A): Factor Structure of a Revised Form[END_REF], which was originally designed for young people and teenagers (BES scale, Jolliffe & Farrington, 2006): "I get caught up in other people's feelings easily."

Emp.cog.(after)

Ad-hoc question to express a general cognitive empathy disposition: "When trying to understand someone else, I am usually able to take his/her perspective".

Interpersonal distance (before and after)

Ad-hoc behavioural measure Interpersonal distance was used as an interrelated dimension for empathy. As one of the dimensions for proxemics (together with eye gaze), a closer interpersonal distance means a higher propensity for inter-relational empathy, and higher inter-personal distance indicates a lower tendency for empathy expression [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF].

Interpersonal distance was measured right before and right after each intervention.

Participants were asked to stand in front of each other in the middle of the installation room based on the idea that it was for calibration of equipment. Then, assistants used a laser meter at the height of the participants' stomachs to measure the distance between them measured in centimetres, taking note of the values on a form. The difference between the measure after and before were calculated through the DELTA-Distance, in centimetres.

Negative values indicate that participants stood closer to each other, while positive values meant that participants stood further from each other. The higher the absolute value, the higher was the difference between measures before and after.

Self-other overlap (before and after)

IOS Scale (Inclusion of Other in the Self; [START_REF] Aron | Inclusion of Other in the Self Scale and the structure of interpersonal closeness[END_REF]) is a measure of interpersonal closeness, and is related to "feeling close" and "behaving close". It uses a single item with a multiple-choice of 7 Venn-like diagrams of two circles overlapping to describe the relationship between "Self "and "Other". The 7 pictures were given values 

Table III.1.2: Measures of empathy

To assess engagement variables, we adopted the ad-hoc questions and standardized psychometrics described in Table III.1.3.

C. Engagement

(Psychometrics and ad-hoc question)

emotional state

(before and after)

The French version of Self-Assessment Manikin (SAM), a pictorial scale with two items for the measure of emotional dimensions: pleasure and arousal [START_REF] Bradley | Measuring emotion: The self-assessment manikin and the semantic differential[END_REF]. It

uses a multiple-choice of 7 diagrams to understand the emotional state for each of these three dimensions, with higher scores meaning higher states of pleasure and arousal respectively. The scale has has been cited more than 4,000 times since its publication (source: ScienceDirect.com). The questions related to the participants' current emotional state before and after the experience. Higher scores were coded as higher pleasure and arousal, and lower scores as low pleasure and arousal.

Enjoyability (after)

Ad-hoc question using a 7-point Likert-scale of agreement to determine how enjoyable the experience was. The title asked participants to agree or not to the affirmation "The overall experience was enjoyable" from 1 ("I totally disagree") to 7 ("I completely agree"), 4 being a neutral alternative ("I neither agree nor disagree").

Table III.1.3: Measures of engagement

To assess demographic variables, we adopted the ad-hoc questions described in Table III.1.4:

d. Demographic profile (Ad-hoc questions)

Matches of pairs Demographic questions related to participants' origin, place of birth, gender and dominant hand and were coded based on the pairs, in order to label experiences in which there was an objective difference between participants.

French birth

Non-obligatory question about whether the participant was born in France with three alternatives: Yes, No, I don't know.

Migrant origin

Non-obligatory questions about the country of origin of mother and father, in case either of them was not born in France. Answers were coded as migrant origin (for mother or father born outside France) or non-migrant origin (for both parents born in France).

Dominant hand

Participants were asked what their dominant hand was, and were given three alternatives: right hand, left hand, both hands.

Gender

Participants were asked about their gender, and were given the alternatives: male, female and other.

Familiarity with each other

Participants were asked if they knew each other before the experiment through the alternatives Yes or No.

Table III.1.4: Measures of demographic profile

Procedure

All the participants were already signed up to take part in the artistic experience. A member of the staff of the art centre hosting the experience invited participants who were more than 18 years old if they also wanted to take part in a scientific experiment about body cognition and XR. They were verbally informed about the experiment and about its anonymous and voluntary nature, also that they were able to quit (the experience and data collection) at any moment without the need to give an explanation. Participants who agreed to participate gave their consent via a digital form on a tablet that preceded the questionnaires.

Data was collected between 21st and 25th February of 2018, at the end of a three-month exhibition. We used two installations of the two-way real-time Body Swap system with The Machine to Be Another. Each station allowed two users to swap bodies in real time. Each installation was identical, and placed in an identical reserved room, with the same lightning and furniture set up. Each room had two chairs facing each other, two computers on a table, two oculus rifts with cameras, a movable wall with mirrors and curtains (specifically designed for the installation) and two chairs by the entrance so that users could put down their belongings in safety. The rooms remained closed so that the exterior audience could not see inside nor be seen from the inside. Outside the installation, a big screen presented videos related to BeAnotherLab's work. Although there was no audio, concepts of empathy and mutual respect were present in the text presented in the videos. The experiences were always conducted by two members of staff from the art venue trained in a strict choreography that had to be performed in synchrony by the guides to provide visuotactile stimuli. Different guides had been to intense training and had a two-month practice to perform the experience with extremely high accuracy.

The data collection was performed after two months of the exhibition, so that the guides had had a lot of practice and were fully accurate in the choreography. There was no control-group, so all the participants had the same experience.

Participants booked onto the artistic installation of the body swap experience were asked verbally if they would like to take part in scientific research about body cognition and VR. If they accepted, each participant was conducted to a reserved table and given a tablet in which they stated that they agreed with the data collection and with a brief online questionnaire to be answered right before the intervention (while they were waiting for their turn). At their turn, participants were invited by the host to enter a closed room for a 10-minute experience of the Body Swap that followed a strict protocol of interaction. The room for the experience was closed to the other audience of the exhibition, so that participants were assured that they had not been seen by an external audience, providing, in this way, a safe zone. It measured four meters wide by eight meters length and had black walls and curtains. Guides inside the installation were instructed to put the chairs far away from each other, so that all had plenty of space. When entering the reserved space, participants were welcomed by the two guides for the Body Swap experience. They were instructed to leave their belongings (bags and coats) on a chair and stand in front of each other in the middle of the room, facing each other, on the basis that this was for the calibration of the system (so that participants didn't know that distance would be measured). Guides then used a laser-meter placed at 90 degrees to the user's stomach to measure the distance between both participants.

The experience was composed of 10 steps, which strictly followed all interventions, as described below:

• Step 1: Sitting and wearing the gear Guides placed both chairs four meters apart asking participants to sit in front of each other.

They gave the general instructions for the experience: i. move slowly; ii. mimic each other's movements alternating leadership for body agency organically; iii. mimic each other's head movements, alternating leadership of the head agency organically; stay seated until hearing an instruction to stand up. Each guide helped one of the participants to put their VR headsets and audio headphones on. While the image on the screen was black, guides triggered the first audio instruction of introduction (that lasted one minute) that repeated the same instructions given by the guides. In the meantime, they placed a movable wall between users, and exchanged places (so that the guide that welcomed participant A would provide tactile feedback for participant B, such that participant A would constantly see the same guide in XR). At the end of the audio instruction, guides would turn on the image of the screens.

•

Step 2: Exploring movements and shared agency Guides triggered the second audio instruction that asked participants to try to move their arms very slowly. This step lasted one minute. During this period, guides were standing behind participants, not within sight.

• Step 3: Touching hands with guide Guides then triggered the third audio instruction that asked participants to raise both hands and touch the hands of the guides. Following choreography, guides provided touch in sync to both hands at the same time, repeating the action three times. After this interaction, guides moved out of sight of participants. This step lasted one minute.

• Step 4: Feeling passive touch on arm, hands, and finger

Guides triggered the fourth audio instruction that let participants know that the guides would hold and touch their right hand. Following a choreography, guides moved in front of the participants, taking their right hand and placing it in front of their heads, sliding their right index from the participant's forearm up to the end of their middle finger slowly and continuously, and then they moved out of sight. They repeated the action three times. This step lasted one minute.

•

Step 5: Feeling touch on right foot Guides triggered the fifth audio instruction asking participants to raise their right foot while the guides would touch them. Following the choreography, guides moved in front of the participant and touched the upper part of the participant's right foot three times, and then moved out of sight. This step lasted one minute.

• Step 6: Handling an object Guides triggered the sixth audio instruction telling participants that the guides would give them an object, so that they could feel its texture. Following the choreography, guides moved in front of the participant and put a small Earth globe into their right hand, and then moved out of sight.

After 45 seconds, the guides came back to take back the object. The whole step lasted one minute.

• Step 7: Looking in the mirror Without any audio instruction, guides opened a curtain in both faces of the movable wall, revealing a full body mirror, and then moved out of sight. This step lasted one minute.

• Step 8: Facing oneself while seated Without any audio instruction, the guides displaced the movable wall meaning that participants could see themselves seated in front of each other, and then moved out of sight. This step lasted one minute.

• Step 9: Standing up, walking, and shaking hands with each other Guides then triggered another audio instruction telling participants to stand up with their help.

Performing a strict choreography, guides took participants' hands and helped them to stand up and walk towards each other. When participants were close enough to reach each other's hands, the guides took their wrists and helped participants to shake each other's hand. Then, one of the guides provided asynchronous touch in both the user's right and left hand. The whole step lasted one minute.

•

Step 10: End of experience Guides then triggered the last audio instruction, thanking participants and informing them that the experience had ended, and turning the screen off right after the audio instruction had finished. The guides exchanged positions again (so that the guide A would come back to assist user A) and helped participants to remove the headphones and VR headsets standing behind them (so that the first thing that participants saw was their peer). Guides then took the gear away (placing it close to the computers) and removed the chairs again so that they would be eight meters apart from each other. This gave participants 30 seconds to interact without the gear and without guide intervention.

Throughout the 10 steps, at any moment that the guides observed that participants were not following the main instructions, they could trigger one of three different audio instructions to remind them of the rules of the system (i.e.: remember to move slowly, remember to synchronize body and head movements).

After following these steps, the guides came back to the participants asking if they were feeling well. If they answered yes (which was the case for all participants in the experiment), guides would ask the participants to stand again in the middle of the room in front of each other, so that they could calibrate the system again for the next pair of participants. Then, one of the guides took another measure of interpersonal distance using the same protocol as before. If a participant were to say that they did not feel well, the protocol was to invite them to sit, give a glass of water, and as how they felt and provide the support needed (e.g.: letting them rest in the spot or eventually calling for support from the staff of the art centre). After this process, the guides thanked participants and invited them to answer another questionnaire outside the installation space.

When leaving the reserved room of the installation, the member of the art venue hosting the participants gave each of them a tablet with the "after" questions, that could be filled in on a reserved table. After completing the final questionnaire, a research assistant debriefed participants explaining the scientific experiment and answering any questions.

Operational hypotheses

Our main hypothesis for this study was divided into nine operational hypotheses grouped into the four main aspects: (a) embodiment, (b) empathy (c) engagement (d) profile. These operational hypotheses are described below:

a. Embodiment

Embodiment dimensions

• O.H.1. The perceptions of Body Attribution, Self-Location and Agency related to an XR Body Swap are positively correlated with each other and with the feeling of being 'out of the body' (when participants see their real body from a third-person perspective):

higher or lower scores on one variable are correlated to respectively higher or lower scores on others.

On the one hand, body ownership illusion was composed of three main factors: body attribution, proprioception, and agency - (Kilteni et al., 2012), so that we expect that these three variables are strongly correlated. On the other hand, at the end of our experimental set, participants faced each other while the image in XR shows them shaking hands with themselves. We expected that the perception of being 'out of the body' would be higher when participants had a higher feeling of being embodied in their peers.

Alternated agency

• O.H.2. Pairs of participants who swap bodies report a stronger perception of agency and self-location when they adopt a balanced alternated agency dynamic.

In the initial instructions for the intervention, participants were asked to copy each other's movements and to alternate between leading and following gestures. This dynamic was created to provide visuomotor synchrony and agency for both participants [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF]. Our hypothesis was that the more participants respected that rule (alternating more equally in terms of the leadership of movements) the stronger the embodiment perception of agency and selflocation would be.

Shared agency

• O.H. 3. During a real-time body swap between two participants, adopting a balanced alternated agency is positively correlated to the feeling of shared agency for a longer period.

We wanted to confirm anecdotal evidence provided by BeAnotherLab, suggesting that participants who followed the instruction of the alternate agency tended to report a feeling that neither or both users were leading/following at the same time.

b. Empathy

Empathy disposition

• O.H.4. The feeling of embodiment during an XR Body Swap is positively correlated with cognitive empathy: the higher the illusion of body ownership, the higher participants report their ability to put themselves in the shoes of others.

• O.H.5. The feeling of embodiment during an XR Body Swap is positively correlated with affective empathy: the higher the illusion of body ownership, the higher participants report their affective empathy disposition.

Since this intervention was not originally designed to address a specific social intergroup situation (we were considering that participants could be acquaintances or not), we´ve chosen to investigate how embodiment was related to a general empathic disposition (cognitive and affective empathy) instead of observing empathic states targeting to a particular individual or group.

Interpersonal distance

• O.H.6. Right after swapping bodies with a familiar individual, participants will stand closer to each other than right before it: higher scores on embodiment will be correlated with a higher reduction in interpersonal distance.

We wanted to understand if the intervention could increase the interpersonal distance between dyads of participants -a proxemics factor that was shown to be related to empathy [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF].

Self-other overlap

• O.H.7. Swapping bodies with a familiar individual induces subjective closeness: right after swapping bodies, participants will report higher self and other overlap in the IOS scale than right before it.

The experience offered by the two-way Body Swap consisted of merging two subjects by inducing them to move as one (both had to make the same gestures) while seeing themselves in the body of each other. Research on one type of body illusions called enfacement has shown that body illusions can modulate a self-perception that merges features from the character that was enfaced [START_REF] Fini | Embodying an out-group: the role of racial bias and the effect of multisensory processing in somatosensory remapping[END_REF]. We wanted to observe if that type of effect could be observed on a subjective scale of self-other overlap as a result of our intervention.

c. Engagement

• O.H.8. Swapping bodies with a familiar individual is an engaging experience: the higher their feeling of body ownership, the more participants will report enjoying the experience.

We wanted to confirm anecdotal evidence described in our literature review regarding how this artistic installation was demonstrated to be highly engaging, having many different people from different contexts reporting strong emotions and enjoyability.

d. Profile

• O.H.9. Swapping bodies with someone different does not affect embodiment: mismatches of demographic profile between pairs (gender, origin, country of birth, dominant hand) will not be correlated with the intensity of embodiment illusion.

Scientific research has shown that it is possible to embody someone very different to yourself, like different races [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF], people of different size [START_REF] Yee | The proteus effect: the effect of transformed self-representation on behavior[END_REF][START_REF] Yee | The Proteus effect: implications of transformed digital self-representation on online and offline behavior[END_REF], and people who are older [START_REF] Hershfield | Increasing saving behavior through age-progressed renderings of the future self[END_REF]. Therefore, we expected that people would feel embodiment regardless of profile mismatches.

Results

The Shapiro-Wilk test demonstrated that most of the variables were not normally distributed (see appendix "Statistics") and we conducted non-parametric analysis for all the dimensions to provide a uniform method. Analysis based on our operational hypotheses was performed using five approaches: i. correlations of measures before the intervention; ii. Comparisons withing subjects (pre/post measures, and control/test questions); iii. interpretation of descriptive statistics; iv. correlations between measures taken after the intervention with each other and with demographic profile as well as variations (delta) of measures taken before and after the stimulus.

For the correlation analysis (i. and iv.), the non-parametric Spearman analysis was conducted considering only significant differences (p < .05). Spearman's rho indexes (rs) can be interpreted as: rs above 0.2 for small effect, rs above 0.3 for medium effect, and rs above 0.5 for large effect.

The estimation in percentage of the variability accounted for between correlated variables can be calculated as (rs) 2 ; e.g.: rs = 0.50 means that the correlations account for 25% of the variation in both dimensions. For the interpretation of descriptive statistics (iii.), we observed results in relation to their theoretical medians, as well as reporting the percentage of participants adopting a certain pattern. For the comparisons between pre and post measures (ii.), we performed the non-parametric Wilcoxon signed rank test based on medians, determining effect sizes by rankbiserial correlation (rb). Effect sizes can be interpreted as: rb above 0.2 for small effect, rb above 0.3 for medium effect, and rb: above 0.5 for strong effect.

Correlations of variables collected before the intervention

First, a correlational analysis was conducted for the items assessed with the pre-intervention questionnaire in order to observe potential relationships between them. Results indicated a significant positive correlation of small effect for the variables Pleasure.Before and Arousal.Before with rs = 0.24, p = .019. No significant association was found for the other variables measured before the experiment (i.e.: valence, arousal, IOS, and interpersonal distance). Statistics are presented in Table III.1.5. Secondly, we present the descriptive statistics of the main variables after the intervention, interpreting median scores as lower, equal, or higher than their theoretical medians or by calculating the percentage of participants responding through a certain pattern.

Spearman's correlation of variables measured before the experiment

a. Embodiment

Embodiment dimensions (related to O.H.1)

We observed an overall agreement (scores above 5 on a Likert scale of 7 points) with affirmations related to all dimensions of embodiment, as demonstrated in Table III.1.6 and The non-parametric Wilcoxon signed-rank paired test was conducted to compare the effect of the body swap intervention on subjective self-other overlap, interpersonal distance, and emotional state by comparing results collected before and after the intervention. For the dimensions of embodiment (body attribution and out-of-body), we used the same test for comparing between control and test questions.

a. Embodiment: body attribution and out-of-body

We compared the questions related to body attribution and out-of-body illusion to a control question related to embodiment ("I felt that I had two bodies). Results, reported in Table III.1.12, indicates that both dimensions had significantly higher scores than the control question with respectively moderate and strong effect sizes (respectively: W = 1666.5, p = .012, rb = 0.34l; W = 1660.0, p < .001, rb = 0.596). Findings suggest that the intervention was effective in inducing these both dimensions of embodiment. Looking at the whole sample (n=96), we did not observe a significant difference in interpersonal distance before and after the intervention. But when we selected only participants who stood in front of each other with a distance higher than what is considered intimate before the interventionn = 50 participants had an interpersonal distance above 60 cm - (Hall, 1966;[START_REF] Sorokowska | Preferred Interpersonal Distances: A Global Comparison[END_REF], we observed a significant difference (W = 103.00, p < .001) with strong effect size (rb = 0.616), indicating that participants got closer after the intervention (Mdn = 72.00 , range = 38.5 to 155) in comparison to before it (Mdn = 79.8 , range = 62.8 to 1.57).

Results were in line with our expectations.

b. Empathy: self-other overlap

Contradicting our operational hypothesis O.H.8., results indicated that after the intervention, participants reported lower self-other overlap (Mdn = 3, range = 1 to 7) than before (Mdn = 5, range 1 to 7), a difference that was significant and had a moderate effect size (W = 2644.50, p < .001, rb = 0.45).

c. Engagement

We observed that the intervention accounted for a significant increase in pleasure (W = 283.50, p < .001) with a large effect size (rb = -0.74) meaning that participants were in a happier state after the Body Swap (Mdn = 4 and range = 1 to 4) than before (Mdn = 4 and range = 1 to 4).

We also observed a significant decrease in arousal (W = 1623.00, p < .001) with moderate to high effect size (rb = 0.49), showing that participants had lower arousal after intervention (Mdn = 3, range = 1 to 5) when compared to before (Mdn = 4, range = 1 to 5). Comparative results and descriptive statistics can be observed in Tables III.1.13 and III.1.14. Confirming our hypothesis, all the different dimensions of embodimentand also out of the body experiencedemonstrated a moderate correlation (rs > 0.3), meaning that higher scores on one dimension were reflected to some degree by higher scores on other dimensions, as described in Table III The variables Only.leading, did not correlate to any dimension of embodiment, while

Descriptive Statistics pre-post measures

Only.following was negatively correlated with a small effect to Emb.self.location (rs = -0.28, p = 0.006) and Emb.agency (rs = -0.22, p = 0.035) showing that the higher the percentage of only following, the lower the scores were on those embodiment dimensions.

Taken together, the results confirm our second operational hypothesis showing that the perception of unbalanced agency (related to Only.following) reduces the sense of agency and self-location.

Shared agency

Testing the operational hypothesis O.H. 3.: During a real-time body swap between two participants, adopting a balanced alternated agency is positively correlated with the feeling of shared agency for a longer period.

Shared agency was related to Balanced.leading and Balanced.following with a small effect size (rs = 0.221, p = 0.030; rs = 0.230, p = 0.024; respectively), but it was not correlated with embodiment dimensions. Even so, we observed a small effect correlation showing that participants that declared shared agency of over 50% tended to report higher Self.location (rs=0.232, p = 0.023). Results confirm our third hypothesis that adopting balanced agency accounts for a feeling of shared agency for a longer period.

b. Empathy Empathy disposition

Testing operational hypotheses O.H.4.: embodiment is positively correlated with higher cognitive empathy: the higher the illusion of body ownership, the higher participants report their ability to put themselves in the shoes of others & O.H.5. embodiment is positively correlated with higher affective empathy: the higher the illusion of body ownership, the higher participants report their affective empathy disposition.

Cognitive and affective empathy disposition were positively correlated with moderate effect (rs = 0.35, p < .001), meaning that higher perspective taking was related to higher affective empathy, with a correlation accounting for 12.25% of their variation. 

Interpersonal distance

Testing operational hypothesis O.H.6.: Right after swapping bodies with a familiar individual, participants will stand closer to each other than right before it: higher scores on embodiment will be correlated with higher reduction of interpersonal distance.

We did not observe correlations of the variations in interpersonal distance with any other dimension, even when considering only participants who stood in front of each other above an intimate interpersonal distance before the intervention. Results only partially confirm our sixth hypothesis since, although some participants (n = 50 participants had an interpersonal distance above 60 cm) stood closer to each other after the intervention, this effect can't be explained by higher embodiment illusion.

Self-other overlap

Testing operational hypothesis O.H.7.: Swapping bodies with a familiar individual induces subjective closeness: right after swapping bodies, participants will report higher self and other overlap in the IOS scale than right before it.

Contradicting our operational hypothesis O.H.7, we observed a small size correlation between higher scores for Body.attribution and higher reduction in the overlap between both participants (rs = -0.203, p = 0.048). Results suggest that the observed reduction in self-other overlap after intervention is indeed related to the embodiment illusion. To investigate if a closer subjective distance in the IOS scale was in line with our hypothesis that it would mean interpersonal emapthy, we also checked for the correlations of this change with empathy disposition.

Spearman's correlation analysis showed that indeed lower self-other overlap after the experience was associated with higher affective empathy (rs = -0.22, p =.029). As we explored in the section "Discussion", this result suggests that, in the context of our intervention, empathy should be interpreted as a higher self-other distinction, instead of self-other overlap as predicted by the operational hypothesis O.H.7.

c. Engagement

Testing operational hypothesis O.H.8.: Swapping bodies with a familiar individual is an engaging experience: the higher their feeling of body ownership, the more participants will report enjoying the experience.

As for the measures collected before intervention, the difference between pleasure and arousal (Delta.pleasure and Delta.arousal) indicated a moderate effect correlation (rs= 0.31, p = .002).

Enjoyability was related to all dimensions of embodiment with a moderate effect, except for Out-of-Body that had a small correlation. Results from these correlations are reported in Table III.1.17. Regarding emotional variation (before and after intervention), only pleasure had a significant correlation with a small effect for Self.Location (rs = 0.25, p = .013).

Spearman's Correlations between engagement and embodiment

Taken together, results confirm our eighths hypothesis indicating that the perception of body ownership is correlated with the enjoyability of the experience.

d. Profile

Testing operational hypothesis O.H.9.: Swapping bodies with someone different does not affect embodiment: mismatches of demographic profile between pairs (gender, origin, country of birth, dominant hand) will not be correlated with the intensity of embodiment illusion.

Variables of demographic profile demonstrated only a significant correlation with a small effect between Body.Attribution and Nation.Swap (rs = 0.252, p = .013), and between agency and

Hand.Swap (rs = 0.206, p = 0.044) indicating higher scores for embodiment in these dimensions among pairs under these conditions. Nation.Swap accounted for 25% of the pairs, and

Hand.Swap for only 15% of the pairs. Other mismatches had a greater percentage of cases (Gender.Swap accounted for 57.44% of pairs, Origin.Swap accounted for 50% of pairs), but did not present any correlation with other dimensions. Taken together, the results partially confirmed our hypothesis, indicating that only the country of birth and dominant hand had a small effect in raising the intensity of embodiment experiences.

Highlights of Study 1

Highlights of Study 1

Problem related to empathy Interindividual empathy.

Problem related to embodiment

Scalable (low resources) real-time body swap.

Main Focus

Investigate correlation of embodiment; engagement; empathy disposition; and interpersonal empathy after a scalable Body Swap intervention.

Intervention format

Art installation.

Content

Inter-individual swap.

Body Swap stimuli at visceral body level

Visuomotor and visuotactile congruent first-person stimuli, alternated agency, out of body stimuli.

Body Swap stimuli on a conceptual level

Swap with a familiar individual.

Experimental design method

Correlational study and within subjects' tests using nonparametric methods.

Knowledge created

Positive correlation of higher embodiment with: higher affective empathy, higher self-other distinction, and higher engagement.

Primary practical contribution

Study resulted in a model for the integration of data-collection in artistic settings without interfering in its dynamic, and that can be used to explore how two-way body swap can affect non-familiar individuals in the future.

Table III.1.18: Highlights of Study 1

Discussion

We presented a correlational study based on a two-way Body Swap intervention between pairs of participants who were already familiar with each other, performed in an art venue with a general audience. The study had two main objectives. The first was derived from the main Goals A (efficiency) and B (engagement) and involved observing correlations between embodiment, empathy, engagement, and demographic profile after an XR Body Swap conducted outside laboratory settings. To achieve this, nine operational hypotheses were explored to address different aspects of our main specific hypothesis: after swapping bodies with a familiar individual in XR, reports of stronger illusions in different dimensions of embodiment (a) are correlated with higher empathy (b) and higher engagement (c) regardless of participant profiles (d). As we discuss below, the results confirmed the parts (a) (embodiment), (b) (empathy), and

(c) (engagement) of this main hypothesis, and partially confirmed part (d). Our second specific objective was derived from the main Goal C (feasibility) and involved exploring and observing how to implement such a system envisioning a large-scale solution and data collection that provided minimum interference in the intervention itself. The discussion is divided into two sections, each one addressing one of the specific objectives.

Discussion related to first specific objective

In this section we discuss the results based on statistical analysis regarding each operational hypothesis previously described, that are grouped into four different dimensions: embodiment, empathy, engagement, and demographic profile.

a. Embodiment

Embodiment dimensions

• O.H.1. The perceptions of Body Attribution, Self-Location and agency related to an XR Body Swap are positively correlated with each other and with the feeling of being 'out of the body' when participants see their real body from a third-person perspective:

higher or lower scores on one variable are correlated with respectively higher or lower scores on others.

In line with our expectations, median scores for embodiment self-reported measures suggested that the intervention was effective, leading to agreements on affirmations related to body ownership, agency and proprioception. In line with our first hypothesis, these embodiment dimensions were highly correlated. The results are in line with the scientific literature on the body ownership illusion (Longo et al., 2008) that relates this phenomenon to these three factors.

We also observed a general agreement with the affirmation related to feeling 'out of the body'

("At the end of the experience, I felt like I was outside of my real body and facing it.").

Moreover, this variable demonstrated moderate effect correlation with all the other dimensions of embodiment, meaning that the higher the embodiment illusion, the higher the out-of-body illusion, which is in line with our hypothesis. The scientific literature indicates that an out-ofbody experience has been reported to happen while using a video camera to show the image of participants in front of them [START_REF] Lenggenhager | Video ergo sum: manipulating bodily self-consciousness[END_REF][START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]. In one of these studies [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF], participants had the camera placed in the first-person perspective of the experimenter and a visual threat was stimulated targeting both (the real body of the participant and the experimenter's body); the skin response was higher when the threat targeted the experimenter rather than the body of the user themselves. Spontaneous feedback of the users after that experiment reported that participants felt as if they were in the body of the experimenter. Our study corroborates this previous finding and providing another insight that an out-of-the-body experience can in fact be reinforced by a higher strength of embodiment in another individual. Taken together, the findings confirm our first operational hypothesis.

Alternated agency

• O.H.2. Pairs of participants that swap bodies report a stronger perception of agency and self-location when they adopt a balanced alternated agency dynamic.

Confirming our second operational hypothesis, unbalanced alternated agency (when participants had a higher tendency to only follow the movements of their pair) was related to a reduction in the feeling of agency and self-location. The reduced sense of agency can indeed be considered a consequence of the reduced freedom to act (in the case of participants predominantly following) and by an increase in the movement-related prediction errors (participants that are following have to consciously fix the proprioceptive mismatch) (Villa et al., 2020). In the same way, participants that predominantly copy the movement of their pear are more aware of proprioceptive mismatches that they are aiming to reduce, which would explain a lower perception of self-location. Even so, we observed an overall tendency of participants to adopt a alternated agencywhich was the instruction given at the beginning of the experiencewhich may explain the small size correlations related to alternated agency.

Shared agency

• O.H. 3. During a real-time body swap between two participants, adopting a balanced alternated agency is positively correlated with the feeling of shared agency for a longer period.

Confirming our third hypothesis, a tendency towards feeling shared agency for a longer period (that both or neither of the participants were leading/following at the same time) was observed among participants who adopted a more balanced alternated agency. This means that when participants are in a more synchronous dynamic of alternating between leading and following, they have a higher tendency to feel the emergence of movements without a clear distinction of who was leading or following. Moreover, we observed that half of the sample (56.25%, n=54) reported that this phenomenon occurred for at least 50% of the period of the experience, and among those participants, the shared agency phenomenon had a small effect in one dimension of embodiment: higher self-location. This means that when participants felt shared agency for 50% of the time or more, they were more likely to have a higher sensation that the image they saw in first-person was matching their proprioception.

b. Empathy

Cognitive empathy

• O.H.4. The feeling of embodiment during an XR Body Swap is positively correlated with cognitive empathy: the higher the illusion of body ownership, the higher participants report their ability to put themselves in the shoes of others.

Despites the perspective taking nature of the Body Swap intervention [START_REF] Gaunet | Active, passive and snapshot exploration in a virtual environment: influence on scene memory, reorientation and path memory[END_REF][START_REF] Lambrey | Imagining being somewhere else: neural basis of changing perspective in space[END_REF] we did not observe any correlation between higher illusions and higher self-declared ability to step into the shoes of others. This means that one the one hand, people with a natural disposition for high perspective taking did not experience higher levels of embodiment. It also indicates that the intervention did not account for raising cognitive empathy disposition. Even so, as discussed in our literature review, empathic capacities should not be observed as an absolute skill that will be expressed regardless of the context [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF]. Even individuals with a high empathic disposition or egalitarian goals [START_REF] Correll | The police officer's dilemma: using ethnicity to disambiguate potentially threatening individuals[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF] can have empathy expressions mined by intra-personal, interpersonal, social, situational and motivational factors, such as: lack of familiarity [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Mathur | Neural basis of extraordinary empathy and altruistic motivation[END_REF][START_REF] Decety | Empathy, justice, and moral behavior[END_REF]; different race [START_REF] Chiao | Intergroup empathy: how does race affect empathic neural responses?[END_REF]; different group affiliation [START_REF] Weisbuch | Affective divergence: automatic responses to others' emotions depend on group membership[END_REF][START_REF] Levine | Identity and emergency intervention: how social group membership and inclusiveness of group boundaries shape helping behavior[END_REF][START_REF] Gaertner | The Common Ingroup Identity Model: Recategorization and the Reduction of Intergroup Bias[END_REF];

implicit negative biases [START_REF] Amodio | The social neuroscience of intergroup relations[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF]; lack of ability to understand one's own emotions [START_REF] Bird | Empathic brain responses in insula are modulated by levels of alexithymia but not autism[END_REF][START_REF] Bernhardt | The neural basis of empathy[END_REF] or regulate them [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Mccall | Understanding Other Minds: Perspectives from developmental social neuroscience[END_REF]; high egocentric bias [START_REF] Elkind | Egocentrism in adolescence[END_REF][START_REF] Flavell | Cognitive development: Children's knowledge about the mind[END_REF][START_REF] Kohlberg | Moral stages and moralization: The cognitive-developmental approach[END_REF][START_REF] Piaget | The Child's Conception of Space[END_REF]; quality of communication [START_REF] Main | The interpersonal functions of empathy: a relational perspective[END_REF][START_REF] Greenson | Empathy and its vicissitudes[END_REF][START_REF] Ickes | Studying empathic accuracy in a clinically relevant context[END_REF][START_REF] Halpern | From Detached Concern to empathy: Humanizing Medical Practice[END_REF]; and motivation to provide helping behaviour [START_REF] Clary | The amount and effectiveness of help: the relationship of motives and abilities to helping behavior[END_REF]). To give an example that may occur between two familiar individuals: some people may be good at understanding the perspective of friends or even outgroups, but not of their romantic partners [START_REF] Birchler | Multimethod analysis of social reinforcement exchange between maritally distressed and nondistressed spouse and stranger dyads[END_REF]in Peloquin & La Fontaine, 2010).

Or one individual may be good at understanding the perspective of their romantic partners but may not be able to do so in one specific situation [START_REF] Ickes | Measuring empathic accuracy[END_REF]in Peloquin & La Fontaine, 2010) such as during social interaction with others. In that sense, our self-reported question did not consider the context targeted by the Body Swap intervention. To do so, it should be adapted to address perceived ability for an individual to put themselves in the shoes of the person with whom they have swapped bodies at that moment, in other words, to assess dyadic empathy [START_REF] Long | Measuring dyadic perspective taking: Two scales for assessing perspective taking in marriage and similar dyads[END_REF], in Peloquin & La Fontaine, 2010). That is why we concluded that future enactments should consider the assessment of empathic states, rather than disposition, and be targeted at the group or individual that they have embodied in the XR experiences, and not more generally at any human being on earth.

Affective empathy

• O.H.5. The feeling of embodiment during an XR Body Swap is positively correlated with affective empathy: the higher the illusion of body ownership, the higher participants report their affective empathy disposition.

Confirming our hypothesis, we observed a correlation between affective empathy disposition and all the dimensions of embodiment. Since we cannot determine causal relations, results may have two meanings: that people that recognize themselves as more empathetic have stronger embodiment experiences, or that a stronger experience causes a higher perception of affective empathy. Even so, we can affirm that embodiment and empathy are related. Further research with the test and control group should explore causal relations between these factors to observe whether XR Body Swap interventions account for higher empathic tendencies. Furthermore, as previously discussed, future enactments that aim to focus on intergroup empathy should also adapt this assessment to observe if XR Body Swap with a member of an outgroup can affect affective empathy state towards the group this individual belongs to, rather than simply observing a general disposition.

Interpersonal distance

• O.H.6. Right after swapping bodies with a familiar individual, participants will stand closer to each other than right before it: higher scores on embodiment will be correlated with a higher reduction in interpersonal distance.

Overall, median scores for the interpersonal distance before the experience revealed a tendency for participants to stand within an intimate distance of each other (under 60 cm) (Hall, 1966;[START_REF] Sorokowska | Preferred Interpersonal Distances: A Global Comparison[END_REF] and they kept this distance range after the intervention. But when looking at participants who stood in front of each other with a social distance (above 60 cm) (Hall, 1966;[START_REF] Sorokowska | Preferred Interpersonal Distances: A Global Comparison[END_REF] before the intervention, we observed a significant difference showing that they indeed got closer after the experience. Even so, this effect was not seen to be correlated with any of the dimensions measured (i.e.: embodiment, balanced alternated agency, empathy, engagement), which could be caused by a general ceiling effect of closeness. Taken together, the results partially confirmed our hypothesis that after swapping bodies participants stood closer to each other, but this effect can't be attributed to the embodiment illusion, nor to higher mimicry (balanced agency) and was not seen to be related to empathy. Even so, evidence demonstrates that the experience does not have a negative effect in decreasing the behavioural closeness of participants (such as happened for the subjective scale of self-other overlap).

Interpersonal self-other overlap

• O.H.7. Swapping bodies with a familiar individual induces subjective closeness: right after swapping bodies, participants will report higher self and other overlap in the IOS scale than right before it.

We have demonstrated that the intervention had an impact on decreasing the subjective overlap of participants measured through the IOS scale. This difference pre and post intervention, as well as the small effect correlations between embodiment and engagement with the IOS scale had the opposite direction than expected. A previous study using enfacement illusions reported higher self-other overlap in the IOS scale for a synchronous mirror touch stimuli when compared to an asynchronous one, although in this study the descriptive values on both conditions (mean scores) were lower than the theoretical median [START_REF] Paladino | Synchronous multisensory stimulation blurs self-other boundaries[END_REF]. That is why we expected that in our study the interventionthat induces a self-other merging by exchanging participants' first-person perspectivewould lead to higher overlap in the selfreported IOS scale. Instead, in our study participants demonstrated a significant difference with a moderate effect for higher self-other distinction after the synchronous Body Swap stimulus, when compared to pre-intervention.

In intergroup dynamics, higher closeness observed in the IOS distinction was seen to be a powerful mediator of higher intention to provide helping behaviour towards others [START_REF] Cialdini | Reinterpreting the empathyaltruism relationship: When one into one equals oneness[END_REF], and also between perspective taking and reduced stereotypes (Galinsky and Moskowtz, 2000), which has been discussed by the authors of these studies to be related to the notion of oneness, or self-other merging. Moreover, Galinsky and colleagues [START_REF] Galinsky | Perspective-Taking and Self-Other Overlap: Fostering Social Bonds and Facilitating Social Coordination[END_REF] argued that despite its name, the Inclusion of the Other in the Self (IOS) scale

does not determine if it represents the inclusion of the self in the other or the inclusion of the other in the self, being rather a measure of subjective closeness. The creators of the measurethat was designed originally to assess closeness in romantic relationshipshighlighted its strong correlation to feeling close and behaving close [START_REF] Aron | Inclusion of Other in the Self Scale and the structure of interpersonal closeness[END_REF]. We discard the possibility that the lower self-other overlap after the intervention was related to behaving less close, because the interpersonal distance did not change significantly (showing a tendency towards being closer, and not more distant), and remained in the range of an intimate distance (Hall, 1966). Another explanation can be found in the correlation observed between higher increase of self-other distinction and higher affective empathy disposition. Evidence shows that the effect of increased self-other distinction is indeed related to the construct of empathy, and not to its absence. In fact, we argue that in the context of an induced self-other merging between two familiar individuals provided by an XR Body Swap experience, it is likely that the IOS scale was interpreted by participants as an assessment of self-other merging, rather than subjective closeness. And the notion of self-other merging is actually contrary to a fundamental feature of affective empathy and compassion: self-other distinction (de Vignemont and Singer, 2006;[START_REF] Decety | From emotion resonance to empathic understanding: a social developmental neuroscience account[END_REF][START_REF] Singer | The social neuroscience of empathy[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF]. In other words, empathy and compassion happen only when we understand the origin of one emotion as external to us; otherwise, this phenomenon is more likely to be defined as emotional contagion: one feels as others, but doesn't know exactly why (de Vignemont and Singer, 2006). From this perspective, we argue that after an intervention that induces multisensory self-other overlap, participants tended to re-evaluate their perception of self-other merging noticing that, in fact, they are more different to their pairs than assumed previously. And this tendency towards enhanced self-other distinction was especially observed among those with higher affective empathy disposition.

It is important to make a parallel with a recent study that adopted a very similar setting (two familiar individuals who swapped perspectives while being stimulated with synchronous touch) but with different evaluation paradigms [START_REF] Tacikowski | Perception of Our Own Body Influences Self-Concept and Self-Incoherence Impairs Episodic Memory[END_REF]. That study showed that the XR Body Swap intervention induced a higher similarity between dyads in terms of conceptual self-evaluations. Researchers assessed how individuals rated their own personalities during the experience and noticed that participants modulated their personal stereotypes to fit the perceived personality of their acquaintance; a phenomena that Galinsky and colleagues would refer to as self-other merging or, to be more specific, an inclusion of the self in the other [START_REF] Galinsky | Perspective-Taking and Self-Other Overlap: Fostering Social Bonds and Facilitating Social Coordination[END_REF]. Moreover, Tacikowski and colleagues reported that participants who felt higher embodiment had a better episodic memory of the selfevaluations of their traits rated similarly to how they evaluated their friend. In fact, good performance of episodic memory related to the self-evaluations in their study raises the question about whether this increased abstract similarity could persist beyond a participant's awareness;

in the same way that an induced physical similarity in a Body Swap accounts for a sustained reduction in negative implicit attitudes [START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF].

Although this may sound initially contradictory to our findings of increased self-other distinction after the intervention, we argue that it may simply be complementary. One important component of empathy is self-other distinction, which is argued to be the awareness that self and the other are separate entities with separate emotions, although similar [START_REF] Decety | The functional architecture of human empathy[END_REF]. In our experiment, the higher self-other distinction was observed after participants 'came back' to their real bodies and was related to higher affective empathy. In the mentioned study, the adjustment of the self-concept to fit another's perceived trait occurred while participants were feeling as if they were in the body of their friend, and is considered a process related to perspective taking [START_REF] Galinsky | Perspective-Taking and Self-Other Overlap: Fostering Social Bonds and Facilitating Social Coordination[END_REF]. Indeed, perspective taking and affective empathy are two sides of the same coin in terms of empathic capacities: higher similarity increases the chance one has to empathise with another while preserving a clear self-other distinction [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Farmer | Putting ourselves in another's skin: using the plasticity of self-perception to enhance empathy and decrease prejudice[END_REF]. That is why we hypothesise that both these processes (higher self-other distinction after the intervention, and higher self-other similarity during the intervention, but impacting episodic memory after intervention) occur in parallel as a response to one XR Body Swap intervention between two familiar individuals.

Taken together, the results contradict our seventh operational hypothesis, but confirm our main specific hypothesis. They show that the induction of self-other overlap (embodiment) leads participants to have a higher self-other distinction which can, in fact, be explained by higher affective empathy. It also raises a debate about the possible existence of two concomitant processes related to the notion of empathic expressions after XR Body Swap interventions: selfother distinction and self-other similarity.

c. Engagement

• O.H.8. Swapping bodies with a familiar individual is an engaging experience: the higher the feeling of body ownership, the more participants will report enjoying the experience.

Confirming our hypothesis, embodiment was related to engagementespecially enjoyability and pleasure. We also noticed that higher pleasure after the experience was related, with a small effect size, to higher feelings of proprioception (self-location). We also observed a slight reduction in arousal right after the experience, with the median creeping closer to a neutral state (equal to the theoretical median on the 5-point Likert-scale). Although the question related to arousal before the intervention referred to the general emotional state of participants in life, we argue that it may have been affected by an anxiety pre-intervention. But it is also possible that the experience had a relaxing effect since it made participants move in slow motion with relaxing music for a period of 10 minutes. Even so, the combination of mild arousal and positive pleasure (Mdn = 4) suggests that the experience led to emotional states that favour positive evaluations, critical thinking and relevance (importance) in terms of the experience [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF]. Taken together, the results suggest that not only can the experience induce positive engagement which favours positive states for learning.

d. Profile

• O.H.9. Swapping bodies with someone different does not affect embodiment: mismatches of demographic profile between pairs (gender, origin, country of birth, dominant hand) will not be correlated with the intensity of embodiment illusion.

Partially confirming our hypothesis, swapping bodies with someone different was not seen to affect embodiment, except for two cases that only demonstrated small effects in terms of agency and body attribution. agency was also seen to be higher when pairs of participants had different dominant hands (only 15% of the pairs). But the small number of cases and the small effect for the relation between agency and dominant hand does not offer robust evidence for further interpretation. When one of the participants in the dyad was not born in France (which accounted for 25% of the pairs), participants tended to report a higher perception of body attribution. Even so, Origin.Swap (migrant origin paired with non-migrant origin) did not show any correlation with embodiment or engagement. The same lack of correlations was seen in Gender.Swap (male paired with female), for which the physical difference is even more explicit.

The results indicate that people tend to feel embodiment regardless of their demographic profile or the mismatch of these factors with their peers; except for the mismatch of country of birth and dominant hand which accounted for only a small effect in terms of variation in embodiment.

The ability to feel embodiment regardless of body differences has been observed in several studies (e.g.: [START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF][START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]. Although the correlations had only a small effect, it is interesting to see higher embodiment between pairs of participants who were born in different countriesa difference that is not necessarily physical, but contextual. Furthermore, this correlation reinforces the possibility of using XR Body Swap interventions to promote subjective encounters between French and migrant citizens.

1.5.2. Discussion related to the second objective (feasibility)

In this section we discuss observations collected during the implementation of this study based on the feasibility of the intervention in terms of a perspective of how to adapt it to educational settings.

The implementation of data collection during an existing art exhibition was successful.

Although educational settings are vastly different from an art venue, both are very rigid in terms of the need for reducing to a maximum the interference in the data collection within the experience that they provide. The impossibility of interfering in the dynamic of the context also led us to collect data of experiences between dyads of participants who were already familiar to each other, which was not our initial intention. In fact, the art venue did suggest to participants that they try the experience with someone that they did not know, but did not impose this condition, and all the participants preferred to try the experience with their acquaintances.

Another aspect that we considered successful was the quality of the interactions provided by the guides. They had extensive training and had facilitated the experience for almost three months before the data were collected. It was noticeable that they adopted remarkably high precision in their choreography and were extremely synchronized; given all of the interventions, there was a uniform quality of interaction. On the other hand, this turns out to be an obstacle for large-scale implementation, since it demands extremely highly qualified staff, who need extensive training. Even if the implementation of one intervention in one educational context could be performed under these conditions, a large-scale solution would not be feasible with such a high requirement. Furthermore, the logistics related to pairing participants who consider each other as 'outgroups' could also be a limiting factor for using this type of setup to address intergroup empathy in school settings.

Conclusion to the first enactment of the research

Study 1 has served as an initial exploration of the possible use of one type of intervention: realtime body swaps between two users. Analysis of data collected confirmed most of our hypotheses, showing correlations between embodiment, empathy, and engagement.

In line with our expectations, results suggest that the system was able to produce embodiment illusions and out-of-body illusions. Confirming our three operational hypotheses related to embodiment, we observed that body ownership, agency, and proprioception were correlated, and that embodiment contributed to feeling out of the body. We also confirmed that adopting a balanced alternated agency in this setup contributed to proprioception and agency, and to the emergence of the feeling of shared agency.

Regarding empathy, we confirmed our hypothesis that higher embodiment was correlated to higher affective empathy, but not to the hypothesis that embodiment would be related to cognitive empathy. We discussed that future studies should explore more contextual aspects of empathy (empathic state and targeting an outgroup) to have a clearer understanding of the effects of a particular intervention. We observed that participants that initially stood further than an intimate distance from each other got significantly closer after the intervention. Even so, we did not see correlation of this effect with any other dimension and, therefore, could not confirm our operational hypothesis related to interpersonal distance. As discussed, this was probably caused by a ceiling effect of behavioural closeness, especially because all the participants were already familiar with each other. Regarding self-other overlap, while results contradicted our operational hypothesis, evidence suggested that the increase of self-other distinction was related to embodiment and to empathy. In our discussion, we also suggested that body swap interventions between acquaintances may cause two parallel effects related to empathy: higher conceptual similarity [START_REF] Tacikowski | Perception of Our Own Body Influences Self-Concept and Self-Incoherence Impairs Episodic Memory[END_REF] and higher self-other distinction.

We also confirmed the hypothesis that higher embodiment was related to higher engagement, and that the emotional state generated by the experience favoured critical thinking and highlights the importance of the experience in terms of learning [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF].

Finally, we partially confirmed our hypothesis that embodiment is not related to differences in demographic profile, finding only small correlations between higher embodiment and mismatches of country of birth. Findings reinforced that XR Body Swap can indeed be used to offer the experience of stepping into the shoes of migrants.

The intervention was presented away from educational settings, but it was useful to observe how measures of embodiment, engagement and empathy-related phenomena could be integrated into the experience. In that sense, the intervention was effective in allowing data collection without interfering in the experience. The context of the interventionin which all of participants were already familiar with each otherdid not offer the chance to explore intergroup empathy. Moreover, if we imagine the implementation of this systemthat requires that both participants are physically present in the same roomin an educational setting, intergroup empathy could only be assessed if the pairs of participants considered each other as belonging to outgroups. That would be the case when addressing conflict between two individuals, but it would restrict the sample to a small number of participants who would need to be filtered by educators reducing the statistical power of an analysis that aims to provide insights for the general population. Moreover, the complicated set up of hardware used in the experience, the need for extensive training and high accuracy of guides to provide the visuotactile experience, and the limitation of presenting it to only two participants at a time reduces the reach of the installation if envisioned as a highly scalable pedagogical tool.

Taken together, findings and observations collected during this first exploratory study led us to choose another type of stimulus for continuing our research. In that sense, adopting the Library of Ourselves system seemed to be a more appropriate decision for the future enactments of our research.

The actual study raised insights and questions that we sought to address in the following studies.

•

Embodiment was seen to be related to affective empathy disposition but not cognitive empathy disposition. Even so, our measures did not consider the context of the interaction (empathy towards the person who participants have embodied, right after they experience this perspective). In other words, how does embodiment relate to the empathic state towards one outgroup? To address this question, the next studies will focus on empathic states targeted at outgroups that were embodied, rather than general empathy dispositions.

•

An intervention that provides a dynamic of alternated agency was efficient in generating embodiment, but can the complete lack of body agencysuch as is the case for the Library of Ourselvesbe effective in inducing embodiment states?

•

We noticed that the higher the embodiment illusion the more participants enjoyed the experience. Findings also indicated an emotional state that favours critical thinking and attention, which could be used to explore empathy learning.

•

The induced self-other merging in XR between acquaintances led to higher subjective self-other distinction, which was, in fact, correlated to higher empathic states. Even so, scientific literature suggests that, especially in intergroup dynamics, self-other closeness measured using the same scale can be a powerful predictor of the intention to engage in helping behaviour [START_REF] Cialdini | Reinterpreting the empathyaltruism relationship: When one into one equals oneness[END_REF]. Would higher closeness be related to empathic expressions after the intervention of self-other merging through Body Swap with a stranger who was an outgroup individual?

• Interpersonal distance was not strongly affected by the experience which was probably caused by a ceiling effect. If we want to provide an intergroup experience with the Library of Ourselves, in which the character is not present, perhaps it would be more feasible to implement a different objective measure of empathy-related phenomena.

Decisions for the next steps of the research

Given the conclusions presented, instead of adapting the real-time body swap intervention to educational settings, we decided to adopt a different interventionthe Library of Ourselvesthat would allow us to better explore intergroup empathy, and would also would provide a higher possibility of implementing a large scale solution.

Regarding the experimental design, next steps explore a random control-test paradigm to better observe the effects of the intervention itself, and not simply correlations.

Regarding the measures, we decided to explore self-reported questions related to empathy state, rather than empathy disposition. We decided also to continue using the IOS scale, but under a different approach, not focus on the relation between two individuals, but instead, focused on the proximity between the self and an outgroup. Finally, for an objective measure, we have chosen to use a different paradigm that explores the presence of negative biases, a modulator of empathy, which has been widely used in the research of body illusions and empathy.

Study 2: Workshops for teenagers at School

Context

Based on the insights raised in Study 1, we changed our approach by adopting a new system (the Library of Ourselves) to be implemented in a real educational setting, and also changing the set of variables aiming to address our objectives. For example, instead of using interpersonal distance as an objective measure (which would be difficult to implement due to the school dynamic), we adopted a cognitive measure of negative implicit bias (which correlates to absence of empathy). Also, for the self-reported questionnaires on empathy, we chose to design questions related to an empathic state (rather than disposition), and that consider empathy towards an outgroup (i.e.: refugees). The experimental design consisted of three independent groups: two randomly assigned between test (XR Body Swap) and control (2D-video), and a third group that was not subjected to any stimuli, representing the population with a similar profile (No-stimuli group).

This study consisted of collecting data after workshops at one mid-high school -Collège Victor Hugoin the city of Creteil (in the suburbs of Paris) with 9th grade students. Organized by the educator of the CDI (library) of the school, the workshops engaged four different teachers from different disciplines (English, Civics and Science) and four classes of 9th graders.

Specific goals and hypotheses

This study considered the three specific goals defined in the chapter "Problematics".

• Regarding Goal "A" (efficiency), we wanted to observe how low-resources XR Body Swaps using the Library of Ourselves could affect embodiment, intergroup openness, and self-reported empathy dimensions.

• For Goal "B" (engagement), we wanted to see the students' engagement response to movies presented in XR Body Swap media. • A.H.2: XR Body Swap leads to higher intergroup openness towards outgroups: lower implicit biases and higher subjective proximity.

• A.H.3: XR Body Swap leads to higher self-reported empathy states towards refugees:

affective and cognitive empathy, empathic concern, altruistic intention.

For Goal "B" (engagement), we assumed the following hypothesis:

• B.H1: XR Body Swap leads to higher engagement of students: higher emotional state (pleasure and aural) and higher attention (interest in the experience and feeling "part of the story").

There was no hypothesis regarding Goal "C" (feasibility). Instead we wanted to explore how XR Body Swap interventions could fit traditional educational settings in public schools. During the XR experience, users were invited to move their hands and body, interact with a book (with Haytham's story), with a mobile phone (with pictures of his family), march in a protest holding a Syrian flag, and interact with friends in the library of the university. The movie finishes in the Metro of Paris with a view of the Eiffel Tower, while the character shares outloud his thoughts about his hopes that France will continue to welcome refugees and treat them as equals just as happened to him. This narrative presents the story of a refugee who is fulfilling his expectations for life, without any visual or contextual cue that would indicate prejudice against him or his group. Regarding Goal A, while measures of experience effects (A.1) and empathy (A.3.) are subjective and based on self-report psychometrics or ad hoc questionnaires, measures of intergroup openness combine subjective and objective measures. The objective measure -Implicit Association test [START_REF] Greenwald | Measuring individual differences in implicit cognition: the implicit association test[END_REF][START_REF] Karpinski | The Single Category Implicit Association test as a measure of implicit social cognition[END_REF] was used to address implicit bias through analysing positive and negative associations with the category "Migrants''. This choice was made due to the vast use of this measure in research on XR Body Swaps and empathy (e.g.: [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF][START_REF] Salmanowitz | The impact of virtual reality on implicit racial bias and mock legal decisions[END_REF], as well as the feasibility of its implementation in an educational setting in order to address empathy-related phenomena towards an outgroup that was not physically present.

Methods

Regarding Goal B, we used self-report psychometrics and ad hoc questionnaires related to emotional state and attention. Although measures of intergroup openness, empathy expressions and engagement should ideally be applied with pre and post intervention assessments, in our studies we used an experimental design of post-test-only analysis, with participants randomly assigned to a control or test group. By doing so, we assumed a probabilistic equivalence between both groups regarding their profile. This choice was made to optimize the logistics of the workshops to fit the limitations of the educational environments hosting our experiences in which we originally had to offer one single intervention to students [START_REF] Arvey | The relative power of training evaluation designs under different cost configurations[END_REF]). In the case of the study at school, after it began, we were authorized to assess median scores related to the profile of the student´s population in a group that was not exposed to any intervention (No-Stimuli group).

Besides dependent and independent variables, we collected demographic data related to categorization between French and Migrant groups (French Birth; Migrant Origin; Attachment to France; Familiarity to Refugees) that could eventually influence the results related to intergroup openness and empathy [START_REF] Decety | The neurodevelopment of empathy in humans[END_REF];[START_REF] Decety | Empathy, justice, and moral behavior[END_REF].

All measures were translated into French and revised by two different native French speakers.

Goal C (feasibility) was not addressed under statistical hypothesis testing, but rather through exploratory observations with no hypothesis.

To evaluate eventual moderators of group identity, we used a series of ad-hoc questions described in Table III.2.1:

Demographic measures of group identity

Ad-hoc questions 

Migrant Origin

(1,0)

Non-obligatory question asking if participant's father and mother were born out of France with three alternatives: Yes, No, I do not know. If either one of the parents was born outside France, we coded as 1, and we coded as 0 if both were born in France.

Familiarity to

Refugees

Familiarity: Non-obligatory ad-hoc question asking if participants had any refugee friends, with four alternatives (many, some, none, I do not know) coded as Yes or No or NA.

Table III.2.1: Measures of group identity moderators

To evaluate the dimensions related to the effects of experience (Goal A), we used a series of self-reported questions described in Table III.2.2:

Measures for efficiency: A1 experience effects Ad-hoc and psychometrics questions

Precision of visuotactile stimuli

Ad-hoc question using a 5-point Likert-scale of agreement with statements to understand how precise the physical stimuli provided by the guides during the XR experience was.

"How accurate was the physical stimulation in relation to what you experienced?".

Answers ranged from 1, standing for "highly imprecise" to 7 standing for "highly precise". Neutral alternative (coded as the score 3) stated "sometimes precise, sometimes imprecise". An extra alternative was also offered to participants who did not experienced XR, and was coded as "NA": "There was no physical interaction in the experience." Emb.Attr. body attribution: Perceiving the virtual body to be the real one.

"I felt that the virtual body seen in the first-person was my own body."

Emb.Walking

Feeling of walking: feeling of walking when stepping on the spot, while the virtual body is walking. This refers to a scene in which the character Haytham walks along a street during a manifestation: "During the scene of the demonstration, I felt I was walking, even though I knew I wasn't walking."

Emb.self-location self-location during touch: feeling that the virtual hand's location corresponded to the physical body's location "I felt my hand touching the spot where my virtual hand touched."

Emb.Touch

Feeling of touch on a virtual body caused by an object: feeling of touch in a real object:

"It was as if the touch I felt was caused by objects touching the virtual body."

Table III.2.2: Measures of experience effects

To evaluate the dimensions related to intergroup openness, we used a combination of standardized and ad-hoc questions and a cognitive task described in Table III.2.3:

Measures for efficiency: A.2. intergroup openness Adapted psychometrics and cognitive task

Inter-individual proximity

To address the subjective perception of feeling close and behaving close towards another person, we adopted the IOS Scale (Inclusion of Other in the Self; Aron, Aron, Smollan, 1992) using a multiple-choice of 7 Venn-like diagrams of two circles overlapping, in diagrams to address proximity between subjects and others. In scientific literature, this scale has been modified by several authors to represent particular groups' closeness [START_REF] Woosnam | Modifying the Inclusion of Other in Self (IOS) Scale and comparing residents' and tourists' perceived closeness with one another[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. For this study (with stimulus of the movie about Syrian refugees), diagrams were identified as "Me x Migrant", which determined the proximity of individuals to migrants.

Implicit Biases (IAT)

For measuring implicit bias related to migrants, we chose to use the Implicit Association test (IAT) [START_REF] Greenwald | Measuring individual differences in implicit cognition: the implicit association test[END_REF], a test widely used and cited over 12,000 times (source: Google Scholar). The IAT has shown evidence of its predictive behaviour [START_REF] Greenwald | Understanding and using the Implicit Association test: III. Meta-analysis of predictive validity[END_REF][START_REF] Rooth | Automatic associations and discrimination in hiring: real world evidence[END_REF] and has been used by many researchers in the field of embodied virtual reality (e.g.: [START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF][START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF]. In this study we adopted a French version of the Single-Category Implicit Association test, which is a variation of the IAT described by [START_REF] Karpinski | The Single Category Implicit Association test as a measure of implicit social cognition[END_REF] with over 1,000 citations of their article (source: Google Scholar). In this version of the test, participants are presented with one category in one colour (in our case: "migrants")

and two groups of adjectives (Good and Bad), presented in another colour. In our test, the following words were used for the category migrants: "Refugee, Asylum seeker, Foreigner, Emigrant, Non-European, Non-French, Economic migrant". The words for the adjectives good and bad were the same as in previous versions of the test given as models by the software Inquisit, and were respectively: "Marvellous, Superb, Pleasure, Beautiful, Joyful, Glorious, Lovely, Wonderful" and "Tragic, Horrible, Agony, Painful, Terrible, Awful, Humiliate, Nasty".

implicit bias is indicated by the IAT's d score, in which positive values stand for positive bias towards migrants and negative scores stand for negative bias against migrants.

Table III.2.3: Measures of intergroup openness

To evaluate the dimensions related to empathy (Goal A), we used a set of ad-hoc questions described in Table III.2.4:

Measures for efficiency: A.3. empathic expressions Ad-hoc questions

Targeted empathic state:

Ad-hoc questions using a 7-point Likert-scale of agreement to statements related to state of affective empathy, cognitive empathy, and empathic concern. Answers ranged from 1 standing for "I completely disagree" to 7 "I completely agree". Our goal was to address self-reported empathy states in relation to the group represented by the character of the movie presented (i.e.: refugees).

Emp.Affect.

Group

Question on affective empathy state targeted at refugees: "I felt sad for the situation of 

Table III.2.4: Measures of empathic expression

To evaluate the dimensions related to engagement (Goal B), we used the questionnaire described in Table III We adopted a French version of the Self-Assessment Manikin (SAM) that presents a pictorial scale with two items for the measure of emotional dimensions: pleasure and arousal [START_REF] Bradley | Measuring emotion: The self-assessment manikin and the semantic differential[END_REF]. It uses a multiple-choice of 7 diagrams to understand the emotional state of each of these two dimensions, with higher scores meaning higher states of pleasure and arousal. These questions were used to observe the emotional state of Verschure, 2016) and has been cited more than 4,000 times since its publication (source:

ScienceDirect.com).

Measures of engagement: B2. Attention Ad-hoc questions

Feeling 'part of the story'

Ad-hoc questions using a 7-point Likert-scale of agreement with statements related to engagement of participants in the story presented as stimulus. The question was "I felt part of the story", and participants could agree through a scale varying from 1 ("I completely disagree") to 7 ("I completely agree").

Interest in the experience

Ad-hoc question using a 5-point Likert-scale of agreement with statements to understand how interesting the experience was. The question was "How interesting was the experience?" and participants could agree through a scale varying from 1 ("Not at all interesting") to 5 ("Very interesting").

Table III.2.5: Measures of engagement

The No-stimuli group answered a smaller set of questions and the IAT, as described in Table III.2.6

Measures for No-stimuli Group

Demographic measures of group identity

Ad-hoc questionnaires

We used the same questionnaires implemented for the XR and Video Regarding altruistic Intention, we used the same proposition used for XR and Video groups. 

Procedure

The experiment was integrated into a workshop for schools on XR and Body Cognition. This proposition was presented for events promoted by the program SAVANTURIERS (https://lessavanturiers.cri-paris.org/) that provides training for innovative teachers and support for applying the pedagogical strategy of "learning through research". Educators who organized the school experienced the XR stimulus during these events, proposing the workshops later to their school director. The pedagogical staff of the school were aware about the focus on collecting data related to empathy, but with the need to ensure this information remained confidential until the data were collected to avoid biases in the responses. Therefore, the concept of empathy was only introduced to students after data collection, during debrief. The workshop consisted of a series of four interventions:

• 1st intervention: theoretical class about XR and body cognition

During the 50 minutes of class dedicated by teachers involved, the PhD student leading this research presented, for the whole class, concepts on cognitive sciences related to XR and body cognition, such as the Body Ownership Illusion. At the end of this class, participants were given an Informed Consent form to be filled out by their parents, to take part in the study. The document described the intervention, its voluntary nature and the risks related to the use of XR.

Parents were offered three levels of approval that would be strictly respected: approval for their child to experience XR, approval for their child to provide data for scientific research, approval that audio-visual materials from students could be recorded and published to promote the research. Participants whose parents did not approve the use of XR (for example, due to health issues related to XR) would be invited to take part in the classes and to watch the contents of the 2D video but be excluded from the data analysis. All parents approved the participation of their children and data collection. The audio and image of participants were not registered when parents did not approve it. The informed consent form was not digitized, making it impossible for participants to be identified through the data collection that was all digital.

• 2nd intervention: XR experience During a 50-minutes period, students were invited in groups of eight individuals to take part in the experiment. They were authorized by teachers to be absent in their courses to take part in the study interventions. The interventions took place in the students' lounge. When arriving, participants were randomly assigned to a test or control group. In the test group, participants experienced the XR movie with full stimuli, being assisted by a trained guide. Interventions for the test and control group were conducted with a team of a minimum of five trained researchassistants at a time (one for each participant in XR and one for four participants in the control).

Participants in the test group were instructed to mimic the movement of the character to activate visuomotor synchrony.

A multisensory experience with visuotactile synchrony was provided by a team of trained guides who followed instructions on a tablet and through a Bluetooth headphone. Each participant in the XR intervention was guided by one research assistant trained for performing visuotactile stimuli for this experience (interns of the labs and master's student volunteers), who followed images and audio from a tablet paired to a headset, with instructions on how to provide physical stimuli in synchrony. In the control group, participants watched the same content on a computer screen while sitting still with their hands on their legs. visuotactile interactions of the XR experience offered to the control group (not related to empathy) were also provided by trained research assistants. In the moment that the iron touches the hand of the character, research-assistants would touch the hands of participants with an aluminium tray at a local ambient temperature. Besides being assured about the safety of the experience before putting on the headsets, the content had a comic approach to avoid any interpretation of eventual danger and was chosen to exemplify concepts of embodiment explained during a previous theoretical introduction about XR given to the class. After the intervention, all the participants answered self-report questionnaires (on tablets) and Implicit Association tests (on a computer).

Questionnaires of self-reported measures were given through tablets, and the cognitive task (single targeted category IAT with words) was given through a laptop computer that used the software Inquisit 5.0. For optimization of time and resources, in every session with eight students, they alternated between questionnaires on tablets first, followed by the IAT; and viceversa. Questions related to group identity were not obligatory and some participants did not answer them. Among other questions, some were not set to be mandatory, and therefore were skipped by some students. For the IAT test, technical problems (a computer crash) meant that the data from 10 participants were invalid (four for XR group and five for control). In all the questionnaires and tests, participants identified themselves with their initials and date of birth, which allowed us to connect all data entry-points. After all the tests were completed, participants from the control group were invited to experience a short XR movie unrelated to the topic ([https://vimeo.com/digitalbertrand/ControlXR]). During the whole period, participants were asked to maintain completely silent as part of the requirements to take part in the study. Participants were always closely monitored and when they tried to talk to each other, they were reminded of the need of silence, and to direct any doubt to the research assistants.

• 3rd intervention: theoretical class on XR and empathy Around one month after the experience, another theoretical class was given by the same PhD student, presenting cognitive sciences concepts and studies related to empathy and XR. The final aim of the study was explained together with the measures that were used. A discussion with the class was prompted to answer questions and reflect on those concepts in relation to students' lives.

• Data collection without workshop

For the No-stimuli group, informed consent was signed by parents authorizing the data collection for the same study. For the assessment, teachers released small groups of eight students at a time during their classes for a 20-minute assessment. Students were randomly

assigned firstly to answer the IAT (on a computer) or the questionnaire (on a tablet). All of them answered both the IAT and questionnaire.

Results

We analysed the quantitative results using the software JASP (version 0.13.0.0) and followed validated statistical guidelines [START_REF] Moore | Introduction to the practice of statistics[END_REF][START_REF] Sellke | Calibration of p values for testing precise null hypotheses[END_REF][START_REF] Whitlock | The analysis of biological data[END_REF][START_REF] Goss-Sampson | Statistical Analysis in JASP: A Guide for Students[END_REF]. Most of the variables were not normally distributed (Shapiro-Wilk p < .05), and for a homogeneous analysis we chose to use nonparametric tests for all variables.

Comparisons between the test (XR) and control (Video) groups were conducted using the Mann-Whitney independent sample test method for analysing significant differences (p < .05).

We also determined the effect sizes between groups using the Single Difference Formula for (rb) Rank-Biserial Correlation (Kerby, 2014). While we report all levels of effect size for significant differences, only moderate (rb > 0.3) or strong effect (rb > 0.5) size were reported for variables with no significant differences. For the objective measure (IAT) we also reported small effect sizes (rb scores above 0.1), even those not significantly difference (p > .05) to also observe small statistical tendencies. Significant differences (p < .05) of binomial variables were determined by Chi Squared analysis based on a contingency table. To compare the VR and test groups with the No-Stimuli group, we performed a one sample test using the Wilcoxon signed rank method to compare median scores, and computed the effect size through Rank-Biserial

Correlation (rb) setting significant differences when p < .017. In all comparisons, Chi Squared analyses based on contingency tables were performed for binomial variables. We also interpreted descriptive statistics considering positive, neutral, or negative median scores (e.g.:

agreements or disagreements with affirmations in the questionnaires such as embodiment) in comparison to theoretical median scores. We also reported the percentage of participants with positive or negative answers to binomial variables (e.g.: altruistic intention, altruistic behaviour, negative bias above moderate). To further understand the interaction between variables from the different dimensions assessed (experience effects, intergroup openness, empathy expressions, and engagement) related to the results found in the comparisons between groups, we performed a correlation analysis using the non-parametric Spearman's rho score (rs). To balance between the multiple analysis while avoiding the drastic reduction of the statistical power of the correlation analysis, we defined α to have a confidence of 99% (p <. 01), but also reported correlations in the borderline of this level (p < .02). In the case of the comparison of our single objective measure (IAT) with other dimensions, we also checked for results with a less rigid level of significance (p < .05) to avoid computing false negatives. This decision was also based in our expectation of finding true positive correlations with empathic or intergroup dimensions [START_REF] Batson | Distress and empathy: two qualitatively distinct vicarious emotions with different motivational consequences[END_REF][START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF][START_REF] Kubota | The neuroscience of race[END_REF][START_REF] Eres | The influence of group membership on the neural correlates involved in empathy[END_REF][START_REF] Amodio | The neuroscience of prejudice and stereotyping[END_REF]; in its correlations to experience effects [START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF][START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF]Salmanowitz, 2019); and also to engagement once the later was seen to correlate to experience effects, as indicated in Study 1. Aiming for focusing our analysis on more power correlations, we have only computed medium and strong effects, which were given by the Spearman's rho score (rs): rs > 0.3 for medium effect and rs > 0.5 for strong effect).

To address Goal C (feasibility), that did not rely on quantitative measures, we adopted exploratory observation conducted by the principal researcher and assistant researchers regarding the engagement of students and the school community, the interaction with teachers, and how the logistics of interventions could be implemented from a large-scale perspective.

Results of comparison between XR and Video interventions

In this subsection, we present the results of hypothesis tests related to Goals "A" (efficiency) and "B" (engagement). To do so, we start by presenting a comparison between XR and TEST groups for each goal. This is followed by a correlation analysis within and between each of its dimensions (experience effects, intergroup openness, empathic expressions, emotional state, and engagement). As previously described, most of the data were not normally distributed (Shapiro-Wilk p < 0.05) and we conducted non-parametric tests. Assumption checks of normality and homoscedasticity can be found in the appendix "Statistics".

Results of XR and Video group comparisons for

Goal "A" (efficiency)

A1. Experience effects

Precision

The question about Precision had one item intended for the control group ("there were no physical stimuli in the experience") and therefore was not compared between groups. Even so, we can observe in the box-plot that while the XR group (n=42) had a median score of 4 (on a 5-point Likert scale of agreement), most of the answers indicated a slight agreement with the affirmation of precise physical interactions. The neutral score (3) referred to the affirmation "sometimes precise, sometimes imprecise". Variation can be accounted for due to possible imprecisions by the guides. Although the guides who performed the visuotactile interaction were previously trained, they did not have the time to practice for long and some of them may have been less accurate than others. Therefore, it is likely that there were some mistakes from the guides during the experience, which accounts for lower scores on some of the answers.

Embodiment

Confirming our first specific hypothesis (A.H.1), as indicated in Table III 

A2. Intergroup openness

In general, we observed that the No-Stimuli group presented a considerable intergroup openness with no significant difference, nor large or medium effect size, between groups. Even so, a small effect size for implicit bias was observed, as described below.

Subjective proximity

Median score (Mdn = 5 on a 7-point Likert scale) among both groups (N = 81) indicated a positive subjective proximity with migrants on the IOS (Inclusion of Other in the Self) scale.

Implicit bias

There was no significant difference between the two groups regarding implicit bias. To observe subtle differences, we also checked for small effect sizes between groups, and observed a small statistical tendency towards lower negative biases among XR participants:

Mann-Whitney W = 686.00, p = .225; rb = 0.17). For the XR group (n = 39), the median score was 0.034 ranging from -0.662 to 0.483. For the Video group participants (n = 30), the median score was -0.131 ranging from -0.731 to 0.535.

Taken together, data could not offer robust information to confirm our second specific hypothesis: A.H.2: XR Body Swap would lead to higher intergroup openness: lower implicit biases and higher subjective proximity. But the results indicated a small tendency towards lower implicit biases among XR participants.

A3. Empathic expressions

Self-reported empathic state towards refugees (affective empathy, cognitive empathy, and empathic concern)

There was an insignificant difference and no large nor medium effect size between the XR (n = 44) and Video (n = 36) groups. As indicated in Table III.2.9, all these variables presented medians above 5 on a 7-point Likert-scale, indicating positive affective and cognitive empathic state, as well as compassion (empathic concern) towards refugees. Self-reported altruistic intention ("yes/no" answer) was high among both groups with no significant difference or medium or higher effect. From a sample of 80 individuals, 91.25% declared that they would offer some time to answer a survey to help refugees. Even so, we observed that only 37.5% of the sample declared high altruistic motives (offering 20 minutes, which was the maximum amount of time presented in the questionnaire). A higher presence of those (individuals with high altruistic motives) was seen in the control group (n = 36) in comparison to the XR group (n = 44). A contingency table with Chi-squared analysis confirmed that this difference was significant (X2 (1) = 4.258, p = 0.039, N = 80). While there was no difference nor effect size above moderate for the time offered by participants to answer a survey While there were no differences in self-reported empathy states, we observed a significant difference in the opposite direction than that hypothesized for high altruistic motives, showing a higher percentage of participants exposed to Video declaring to commit to a higher amount of time. Even so, this difference only had a small effect size.

Descriptive statistics of self-reported empathy

Results of XR and Video group comparisons for

Goal "B" (engagement)

Confirming our fourth hypothesis -B.H1: XR Body Swap leads to higher appreciation of students: higher pleasure, emotional arousal, interest in the experience and feeling "part of the story"independent samples analysis revealed that XR participants were more engaged than video participants in the experience, as presented below.

B.1. Emotional state

Pleasure

We observed that XR participants (n = 44) showed higher pleasure (Mdn = 4, ranging from 1 to 5) than Video participants (n = 36; Mdn = 3, ranging from 1 to 4), with a medium effect size: W = 1153.00, p < .001, rb = 0.46.

Arousal

The test group reported higher emotional arousal (Mdn = 3, ranging from 1 to 4) than the control group (n = 36, Mdn = 3 ranging from 1 to 5) with a medium effect size: W = 1117.50, p < .001, rb = 0.41, depicted in Figure III.2.6. 

Feeling part_Of_story

XR participants (n = 45) declared a higher feeling of being part of the story, with a median of 5 ranging from 2 to 7, compared to Video participants (n = 36) who had a median of 4 ranging from 1 to 6. This significant difference had a medium effect size: Mann-Whitney W = 1082.50, p = .004; rb = 0.37.

2.4.1.3. Correlations within and between efficiency (Goal A) and engagement (Goal B) variables among XR and Video groups

For a more accurate understanding of results, we checked for significant correlations within and between variables of efficiency and engagement.

Correlations within each dimension

Correlation within Experience effects (A.1)

As shown in Table III.2.10, we observed highly significant (p < .001) positive correlations with strong effect between all dimensions of embodiment, while precision had moderate-size correlations with the variables related to touch, self-location, and body attribution, but not to the illusion of walking. No significant correlations were observed between proximity and implicit bias.

Spearman's Correlations within embodiment variables

Correlations within empathic expressions (A.3)

While self-reported empathy demonstrated strong (rs > 0.5) or moderate (rs > 0.3) correlations within its sub-dimensions (empathic concern, and cognitive empathy), we did not observe correlations above a moderate effect between self-reported empathy and altruistic intention. Moderate effect correlations within variables of engagement are presented in the Table III.2.12, showing that higher pleasure was associated with higher attention (interest in the experience and feeling part of the story); and that higher arousal correlated with interest in the experience.

Both variables of engagement (feeling part of the story and interest in the experience) were also correlated. 

Spearman's Correlations of engagement variables

Correlations between each dimension of Goals "A"

(efficiency) and "B" (engagement)

Correlations between experience (A.1) and intergroup openness (A.

2)

The only significant correlation between experience and intergroup openness was observed regarding implicit bias, with a moderate effect, showing that the higher the perception of body attribution and the illusion of walking, the smaller the negative implicit bias (respectively: rs = 0.32, p = .007, rs = 0.42, p < .001).

Correlations between experience (A.1) and empathic expressions (A.3)

In line with our hypothesis, we have observed that the higher the body attribution illusion, the higher the score for perspective taking ("putting oneself in the situation of refugees"). But contrary to our hypothesis, the higher the illusion of walking, the lower the tendency to declare high altruistic motives. Both correlations were significant and had a moderate effect.

• Body.Attribution x Cog.Migrant (rs = 0.36, p < .001)

• Illusion.Walking x Alt.Int.Max (rs = -0.35, p < .001)

Correlations between experience (A.1) and emotional state (B.1.)

In line with our third hypothesis, four different dimensions of experience were significantly correlated with moderate effects for emotional state, meaning that the higher the embodiment, the higher were Pleasure and Arousal. The results are presented in the As presented in the Table III.2.14, all the dimensions of experience had correlations of strong effect (rs scores above 0.5) or moderate effect (rs scores above 0.3) with engagement variables, meaning that the higher the embodiment, the higher was the interest in the experience and the feeling of being part of the story. We did not observe any correlation between intergroup openness and empathic expressions, except for a correlation in the borderline of significance suggesting that the higher the subjective proximity the higher is the altruistic intention, but only when considering the amount of time offered by the participants who declared the intention to provide support to refugees (Alt. Int Time 5-20; rs = 0.30, p = .019). 

Spearman's Correlations B2 x A1

Correlations between Intergroup

Correlations between empathic expressions (A.3.) and emotion (B.1)

The only correlation observed indicated that higher perspective taking scores (Emp.Cog.Group) were associated with higher emotional arousal (rs = 0.369, p < .001).

Correlations between empathic expressions (A.3.) and attention (B.1)

We observed moderate effect correlations between perspective taking (Emp.Cog.Group) and higher attention: interest in the experience (rs = 0.314, p = .005), and feeling part of the story (rs = 0.298, p = .007). We also observed a moderate effect correlation between higher affective empathy and a higher tendency to feel part of the story (rs = 0.350, p < .001).

Correlations with group identity

We did not observe any significant correlation with the variables of group Identity Moderators, meaning that factors such as the high concentration of migrant origin in the population did not interfere with the results.

Results comparing between the No-stimuli group and stimuli (XR and Video groups)

To further analyse the three hypotheses related to Goal A (efficiency of the system) and Goal B (engagement), we compared data collected among the population that was not exposed to test (XR Body Swap) nor control (2D-Video) interventions. The goal was to analyse if both interventions had an effect on empathic and engagement states, and if there were differences in their effects when compared to a population with similar profile that was not exposed to the workshops. Since there was no intervention for the No-stimuli group, we only compared data related to efficiency regarding intergroup openness (A2), and empathic effects (A3), and only considered significant results when p-value was smaller than .017 (considering that there was a comparison between a total of three different samples). We also checked for correlations between variables, following the same procedure performed with the two stimuli groups (considering significant results when p < .01).

Most of the data were not normally distributed (Shapiro-Wilk p < 0.05) and we conducted nonparametric tests for all variables. Assumption checks of normality and homoscedasticity, together with more statistical information (minimum, maximum scores, and variances for each variable), can be found in the appendix "Statistics".

Results for Goal "A" (efficiency)

Intergroup openness (A2)

Subjective proximity

We've observed a significant difference with a strong effect size showing that participants exposed to the Video had higher proximity (Mdn = 5, ranging from 1 to 7, n = 36) than the No-stimuli group (Mdn = 3, ranging from 1 to 7, n = 44): Wilcoxon Signed Rank's V = 506.00, p < .001 rb = 0.520. XR participants (Mdn = 4, ranging from 1 to 7, n = 44) demonstrated a significant difference in the opposite direction, but with only an ordinary (null) effect size:

Wilcoxon Signed Rank's V = 447.00, p < .001 rb = -0.097.

The result partially contradicted our second hypothesis regarding subjective proximity towards migrants, showing that the Video intervention caused higher proximity when compared to the No-Stimuli group.

Implicit bias (IAT)

Most of the participants from the No-stimuli group (72.3%, n = 44) expressed low or no negative bias (IAT d score above -0.35). We observed a significant difference with a strong effect size showing that XR participants had higher positive bias (Mdn = 0.034, ranging from -0.662 to 0.483, n = 39) than the No-Stimuli group (Mdn = -0.177, ranging from -0.815 to 0.557, n = 44):

Wilcoxon Signed Rank's V 605.00, p = .002, rb = 0.551. There was no significant difference in IAT d scores between the No-stimuli and Video groups (Mdn = -0.131, ranging from -0.731 to 0.535, n = 30), and although scores demonstrated higher positive bias than the No-Stimuli group, the effect size was small: Wilcoxon Signed Rank's V = 296.00, p < .198 rb = 0.273.

The results confirmed our hypothesis regarding implicit bias, indicating that the XR intervention led to higher intergroup openness than the Video intervention when compared to the No-Stimuli group. Even so, this comparison considered individuals who demonstrated both positive and negative bias. Previous research on the topic [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF]) that compared pre and post intervention only observed a reduction in negative bias, and not changes among or towards positive biases. Our sample size of test and control groups among participants with negative bias above a moderate level (n = 5 and 6 respectively) was too low to provide a reliable comparison. And, if we only consider participants with negative bias including low levels (d scores < 0), the difference was not significant (p < .05; sample sizes were 19 for XR, 21 for Video, and 30 for No-stimuli). Further research should explore the effects of XR interventions among a No-Stimuli group with higher levels of implicit bias, and check for differences among participants after interventions, rather than between groups.

Empathic expressions (A3): altruistic intention and high altruistic motives

Contingency table with Chi-Square analysis showed no significant difference between altruistic intention or high motives (p > .01) between the No-Stimuli group and any of the two stimuli groups (XR and Video). The percentage of participants who declared an altruistic intention or high motives (maximum amount of time offered) are described in the Table III.2.15.

Percentage of participants declaring altruistic intention

Variables

No The Wilcoxon Signed Rank for XR was V = 251.00, p = .461, rb = -.39; and for Video was V = 317.00, p = .026 rb = 0.20.

Taken together, the results for time committed to support refugees did not present significant differences between the No-Stimuli group and the two interventions.

Correlations within and between variables for

Goal "A" (efficiency)

We performed a correlation matrix for the No-stimuli group to observe the interaction between different variables within and between each sub-dimension of this goal.

As indicated in the Table III.2.16, we only found significant correlations (p < .01) between proximity and cognitive empathy, while empathy concern and altruistic intention had a moderate effect correlation in the borderline of significance (p < .015). 

Spearman's Correlation of variables of goal "A"

Observations of students' engagement

We observed that students showed great interest and discipline during all phases of the intervention (theoretical classes on body cognition and empathy, XR experience and filling in the questionnaires and tests), which is remarkable since three out of the four teachers reported that those groups are difficult to manage and engage. Based on discussions with teachers, we can hypothesize that this behaviour could be explained by their interest in technology, by the novelty of the dynamic (differing from a traditional class) or for the fact that the intervention was conducted by a researcher external to the school who was not worn-out by the daily routine.

Besides the attention given by students, we also observed considerable engagement in the discussions surrounding empathy in the theoretical class given on empathy. For example, during the class on empathy, we noticed that students demonstrated a good understanding of the concepts of empathy, compassion, and prejudices, reporting personal situations in which they had experienced or observed cases of absence or presence of empathy and altruism. Even so, two of the teachers involved stated that they believed that the topic of empathy should ideally further be explored in a longer process of debate with students to maximize their understanding and foment the instrumentalization of empathic capacities based on the experience that they had through the XR Body Swap interventions. The initiative triggered the attention of students from other classes, who were interested in having this type of activity, and also among some students who took part in the intervention who were interested in going deeper and exploring the technology to address empathy phenomena. One topic of interest raised by students after this discussion was to create XR Body Swap experiences to demonstrate the perspective of students suffering bullying and cyberbullying. According to them, this is a reality that is present in their everyday lives and that is usually neglected by adults. This led us to create a second workshop with a group of eight students who were interested in creating a new XR Body Swap movie to discuss the problem of bullying at school that happens away from the presence of educators. This process engaged students for six sessions outside class periods, in which they discussed, wrote a script, rehearsed, and acted in role-playing games and then presented the XR experience to teachers and peers.

Observations regarding scalability

The logistics of the XR intervention applied during Study 2 were not suitable for highly scalable and replicable solutions. On the one hand, this was because of the need for trained guides and on the other hand, because of the need for an expert to offer theoretical interventions.

The trained guides made a large team of research assistants necessary, composed of at least one assistant per student at a time, which increases the cost of the intervention deployment. The solution of having eight students for a period of 50 minutes was also not efficient, since a small group of students had to miss a whole class for every intervention. For future studies, it is recommended to use a more efficient solution in which students can play the role of the guides, which would reduce the number of staff required. It also would allow more students to perform the intervention during the same period of 50 minutes.

Regarding the theoretical classes, they depended on the intervention of the PhD candidate holding the studies. Although programs like the SAVANTURIERS offer this type of collaboration between teachers and PhD students, having an expert in XR or empathy is not very feasible from a large-scale perspective. An alternative solution would be for the XR interventions to be followed by accessible documentation regarding its theoretical background that could support teachers to present these theoretical contents themselves.

Highlights of Study 2

Highlights of Study 2

Problem related to empathy Intergroup empathy towards refugees.

Problem related to embodiment

Scalable (low resources) pre-recorded Body Swap.

Main Focus

Investigate the effects of scalable Body Swap on embodiment intergroup empathy states and engagement.

Intervention format

Workshop for small groups. 

Content

Discussion based on Study 2

In this section, we discuss the main findings of Study 2 relating to the three goals intended: A.

efficiency, B. Engagement and C. Feasibility. Here we explore why this study confirmed the hypotheses related to embodiment (AH1) and related to engagement (BH1), while it only partially confirmed the hypothesis related to intergroup openness (AH.2) and did not confirm the hypothesis related to empathic expressions (AH3). Moreover, we draw conclusions based on the exploratory observations regarding feasibility.

A1. Experience effects

Embodiment

Data showed that the intervention was demonstrated to be successful in inducing an embodiment illusion among participants, confirming our first main hypothesis (A.H.1)that a combination of low-resources multisensory and motor stimuli with a trained staff can induce embodiment. Positive correlations between embodiment dimensions (higher Body Attribution, Self-Location, and Touch) are in line with the concepts of the Body Ownership Illusion (Kilteni et al., 2012;[START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]. Another remarkable finding is that XR participants reported having the illusion of walking, while they were not walking with their real body, but instead 'walking on the spot' (moving their feet as if they were walking, but staying in the same place). A similar phenomenon has only been reported once in the literature related to XR Body Swaps, when self-report and physiological data indicated that participants felt like they were walking when they were actually seated [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF]. Although we did not reach extremely high median scores for Body Attribution, the illusion was effective, and compatible with scientific literature that reports embodiment illusions [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF].

Precision

Although implementation of the intervention was undertaken with trained guides dedicated to each user, we observed mild scores for precision (medians pointing to a moderate visuotactile congruence). This shows that the training given to guides was not enough to guarantee their accuracy, and a longer training period would be required for the interventions to achieve higher levels of precision. Even so, a median above the neutral score of 3 (that refers to the affirmation "sometimes precise, sometimes imprecise") on the 5-point Likert-scale indicates that the visuotactile stimuli were indeed precise during some moments of the experience. Even with partial asynchrony (sometimes imprecise), the intervention produced the feeling of embodiment, with a strong correlation of touch dimensions and body attribution highlighting the importance of visuotactile stimuli in the illusion.

The results suggest that although higher precision impacts Body.Attribution and higher feelings of touch, it does not need to be accurate during the whole experience to generate effective Body Swap illusions. This opened up the possibility of exploring interventions that do not require highly trained guides, which would contribute to optimization of logistics and scalability of the intervention. For example, the role of guides could be outsourced to participants themselves, which would reduce the need for a high number of staff to perform the experience for a higher number of participants at the same time.

A2. Intergroup openness

Data related to intergroup relations showed an overall intergroup openness towards migrant groups (positive inter-individual proximity and low implicit biases), which could be explained by the high familiarity of these populations with migrants (more than half of the sample were of migrant origin).

Regarding subjective proximity, we did not observe any significant difference between the groups, but the Video intervention led to significantly higher proximity when compared to the No-Stimuli group, while XR did not. Correlation analysis showed a tendency that higher proximity had a positive interaction of moderate effect with cognitive empathy disposition (among the No-stimuli group), and to higher time offered to support migrants in the XR and Video groups. These correlations suggest that when addressing intergroup proximity, differently from Study 1, higher overlap between self and other indicates higher empathic expression.

Taken together, we have noticed that intergroup proximity measured through the IOS scale correlates with empathic expressions, and that only the Video intervention was accounted for significantly higher scores when compared to the No-Stimuli group. The results partially contradicted our hypothesis A.H.2., that XR intervention would lead to higher intergroup proximity. Even so, we highlight that Study 2 used the IOS scale to address the proximity between the individual (SELF) and outgroup (MIGRANT), thereby addressing one evaluation of the inter-individual proximity and not group proximity. Further research could evaluate if similar effects are found when participants evaluate the overlap between their group with an outgroup.

Regarding implicit bias, curiously, we have not seen significant correlations above moderate with other empathic expressions, as expected based on our literature review. While there were no significant differences or even effect sizes above moderate in the comparisons between XR and Video, the XR intervention led to a higher positive implicit bias compared to the No-Stimuli group with a strong effect size, while there was no difference between Video and No-Stimuli group. Moreover, embodiment (body attribution and illusion of walking) was seen to correlate with higher positive bias. This lack of a difference between XR and Video may be explained by a ceiling effect caused by the low presence of negative bias above moderate across the population. One possibility that could have eventually caused this ceiling effect is that the character in the movie did not explicitly represent a group suffering from bias or social injustice.

Besides that, the character in the story had light skin giving him a Caucasian-like look from a first-person perspective; and the narrative did not present any element that indicated that the character suffered from any kind of prejudice in France. In fact, the narrative talks about his gratitude for being well accepted in France. These elements did not explicitly indicate the representations of any migrant groups that suffers from strong prejudice in Europe, such as African-descendent migrants. Moreover, it is likely that effects of XR in modulating bias would be more noticeable among a population with a higher percentage of moderate to high negative biases (as seen in [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF].

Taken together, the results partially confirmed our hypothesis AH.2 that XR interventions would support higher intergroup openness through the evaluation of implicit bias when compared to the No-Stimuli group, even when all samples demonstrated low levels of negative biases. But to confirm these findings, future enactments could explore the impact of these interventions among a population with higher negative biases; or explore more visual and contextual elements that represent these outgroups, dealing with prejudice in a more explicit way to observe higher levels of negative biases that can eventually be modulated. Another possibility is adopting a different experimental design with pre and post-test to observe changes in implicit bias within subjects caused by XR Body Swap interventions. While a randomized control pre-test post-test experiment is indeed a more accurate form of assessment, future enactments of our design-based research should explore how to balance the benefits for ecological validity of the implementation of the experiment in a real-world setting, the optimal logistics for this implementation and the rigor of the assessment.

Regarding group identity, although a great number of the sample had migrant origins, this factor did not seem to interfere with empathic expressions showing no highlighted correlations with other variables. Therefore, the general empathic profile observed among participants towards refugees and migrants, cannot be explained by this overlap of group identity between the origin of students' parents and the character presented in the video. Even so, it is undeniable that all of the participants had familiarity with individuals of migrant origin, since it was the case that more than half of this population interacts with migrants in their everyday routines, resulting in non-migrant origin individuals have deep intergroup contact. This factor alone could explain a ceiling effect regarding intergroup openness if we consider it as a label of group identity:

Migrant versus Non-Migrant.

A3. Empathic expressions:

Self-reported empathy

Overall, the general empathic state and disposition (for affective and cognitive empathy as well as empathic concern) was high across the three samples -XR group, Video group and Nostimuli group. Self-reported scores indicated agreement with the affirmations related to empathy (median scores above 5 on a 7-point Likert scale). On the one hand, we did not observe any significant difference between groups related to self-reported empathy (empathic concern, affective and cognitive empathy). Correlations with moderate effect size between higher cognitive empathy and higher body attribution indicate that the XR Body Swap is positively related to a higher perspective taking state, even though the comparisons between both interventions did not express that. On the other hand, comparison with the No-stimuli group revealed that both interventions (Video and XR) affected cognitive empathy positively, with a significant difference and moderate effect indicating higher empathy than the general disposition of the No-Stimuli group. Even so, none of the interventions indicated higher empathic concern state if compared to the No-Stimuli group; and in fact, XR intervention led to a lower affective state than the general disposition of the No-stimuli group. Curiously, the results were opposite to those seen in the Study 1 (that XR Body Swap was related to affective, but not to cognitive empathy disposition), which can be explained by the fact that, in Study 1, affective empathy was accessed as a tendency to feel the same as others, and both (cognitive and affective empathy) were not targeted at a particular group. This null effect of the interventions on empathic concern, and especially the negative effect observed in affective empathy (that was related to a feeling of sadness in relation to refugees) may be caused by the relatively high status of the character of the movie, and by the fact that, at the end of the movie, he actually highlights feelings of gratitude towards France, rather than sadness (which were the term used in the question related to affective emapthy). The content presented a reality related to refugees that is very different to that seen in the subways of Paris, where it is common to see homeless refugee families from Syria begging for money. In that sense, it makes sense that participants that were not exposed to the story that we presented (that shows a young refugee man with a considerable good social status) felt more sadness when thinking about Syrian refugees than the ones that were exposed to this story. In the same way, it makes sense that participants exposed to the first-person narrative of a refugee living in Paris (regardless of the media used) would have a higher ability to put themselves in the shoes of refugees in this condition.

Taken together, the results did not confirm our hypothesis A.H.3 -XR Body Swap leads to higher self-reported empathic responses: affective and cognitive empathy, empathic concern, altruistic intentionindicating that both interventions accounted for higher cognitive empathy states and, especially XR, for lower sadness than the general disposition. Future enactments should include self-report empathy states questions related to the character of the movies, and not only to groups.

Altruistic intention

While most of the sample declared altruistic intention, the same was not observed for high commitment of time. Genuine altruistic motives (other-oriented, rather than self-oriented) are related to the amount of helping behaviour one individual is willing to offer [START_REF] Clary | The amount and effectiveness of help: the relationship of motives and abilities to helping behavior[END_REF]. Therefore, we can consider as a genuine altruistic intention the commitment to offer the maximum amount of time possible (20 minutes). Looking only at high altruistic motives, the commitment of the population (across the three groups, n = 124) fell from 86.29%

(who declared support) to 28.23% (who committed to the maximum amount of time possible).

We noticed that the Video group had a higher concentration of those participants in comparison to the XR group, although there was no significant difference when compared to the No-stimuli group. Moreover, participants who had higher scores on the illusion of walking had less tendency to declare maximum altruistic commitment, which shows a negative correlation between embodiment and higher time committed.

Taken together, the results contradicted our third hypothesis (A.H3) regarding altruistic intention, showing that the Video intervention was indeed more effective then XR in triggering high self-reported altruistic motives, and that XR was associated with a lower tendency to adopt maximum altruistic behaviour. Even so, none of the interventions demonstrated a significant difference in comparison to the No-stimuli group, showing that the content itself (regardless of the media in which it was presented) had no effect on the declared altruistic intention.

B. Engagement (B.1. Emotional state and B.2. attention)

Results related to emotional state (pleasure and arousal) and engagement (interest in the experience and feeling part-of-story) show that the XR intervention was highly engaging for students in comparison to the 2D video. This result was confirmed by the correlation of moderate or strong effect between the variables of embodiment and engagement. Moreover, engagement was also seen to have an important effect on empathic expressions. Higher arousal was correlated with higher cognitive empathy, and higher feeling of being part of the story with both: higher affective and cognitive empathy. This correlation highlights the importance of engagement in contributing to more empathic states. The fact that XR Body Swaps can be used as a tool for engaging students in the topic of empathy more than other media also indicates a high potential of the use of pedagogical tools for empathy with these technologies.

Taken together, the results confirm our fourth hypothesis B.H1:XR Body Swap leads to higher engagement of students: higher emotional state (pleasure and aural) and higher attention (interest in the experience and feeling "part of the story").Moreover, our results suggested that engagement have indeed an effect on higher affective and cognitive empathy.

C. Feasibility

Study 2 explored a format that integrates XR Body Swap into traditional educational settings, providing insights on how this approach can be implemented and supporting the engagement of the school with empathic practices.

On the one hand, the course dynamics appliedthat offered an introductory class (on Body Cognition and XR) and a class to end the activity (on empathy and XR)was observed to have a positive effect on the engagement of the school community with a discussion of the topic of empathy. Moreover, the feedback from some of the teachers highlighted potential benefits of extending the theoretical discussion of the topic of empathy in order to support students' instrumentalization of these capacities. This suggested that the single XR intervention can be used as a pedagogical tool as part of a broader program on empathy. The interventions were successfully implemented and demonstrated to engage students in the topic of empathy and stimulate teachers to work together around the same project. Moreover, we demonstrated that XR Body Swaps for empathy can be used by teachers to enhance the level of interest in their own disciplines, relating them to those concepts.

On the other hand, the logistics of the XR intervention applied were not suitable for highly scalable and replicable solutions due to specialized human resources deployed for guides (research assistants) and theoretical classes (experts in the topics of XR and empathy). Future enactments should consider reducing these human resources by outsourcing the role of guides to students themselves, and by providing materials and theoretical content for teachers themselves to address theory related to XR and empathy in their classrooms. The fact that the interventions in Study 2 were focused on a small number of students at a time (because of the requirement to have trained guides) also undermined the scalability of the workshops. By outsourcing the role of guides to students themselves, these workshops could be implemented for a larger number of students at a time, optimizing logistics for a more scalable format.

Conclusions of Study 2

We Even so, the results indicate a positive effect of XR interventions on the objective measure of empathic phenomena, but not on self-reported measures. We observed significantly higher intergroup openness in the XR group, indicated by higher positive bias towards migrants when compared to No-Stimuli group. At the same time, the Video intervention accounted for higher self-reported subjective proximity of the individuals with migrants when compared to the No-Stimuli group. While the objective measure for intergroup (IAT) was not related to any selfreported measure, higher subjective proximity was observed to correlate with higher empathic expressions (self-reported empathy and declared altruistic intention). The Video intervention also accounted for a higher amount of time committed to support refugees. Although there is no reason suggesting that randomization failed, most of the data was not normally distributed (a remarked exception is the measure of implicit bias that had a normal distribution). While this can be a consequence of the size of the sample, we cannot discard the possibility that there were differences between groups before the interventions. Therefore, future studies should contemplate a pre-intervention assessment to confirm these findings.

Regarding the goal of feasibility, our observations of the implementation of the workshops suggested a high potential for engagement of the teachers and school community with the topic of engagement, and integrating XR Body Swap interventions in broader pedagogical programs for empathy. Even so, the format adopted in the interventions would need to be revisited to make it more suitable for more scalable solutions.

Decisions for the next steps of the research

Findings of this enactment raised insights into the adaptation of stimuli and experimental methods adopted. For the following study of this research, we decided to explore four main factors discussed above:

• Presenting a story with a clearer outgroup categorization aiming to reduce the ceiling effect of intergroup openness and make the effects of the interventions more visible.

• Adapting the self-reported questionnaire on empathy to address dimensions related to the character.

• Exploring the adoption of non-trained assistantswho are likely to be more imprecise than trained assistants.

• Adopting a format and logistics for the interventions that are more suitable for highly scalable training.

• Replicating the study with a different experimental design by analysing eventual changes in empathic state within subjects.

• Continuing to use the IOS scale, but to address intergroup subjective distance rather than inter-individual subjective distance.

Study 3: Workshops for teenagers at a public library

Context

Using the same research question and hypotheses described in our chapter on Problematics, the second enactment of our research in educational settings aimed to explore further how scalable XR Body Swap experiences could affect empathy-related responses under different conditions.

As discussed in the previous section, we decided to choose a within-subject analysis to observe eventual changes in participants' responses, instead of comparing different groups. We also adopted different content for stimuli, in which the character presented more explicit (visual and contextual) signs of someone who is subjected to social prejudices, aiming for higher saliency of differences in implicit bias. Regarding the measures adopted, we chose to access selfreported empathy towards the character in the movie, and not only towards his group. Moreover, the subjective proximity measure (using the IOS scale) was adapted to address how close participants perceived their own group to be in relation to the group of the character. As discussed in the previous study, the logistics of the XR interventions needed to be redesigned to take less time and to reach a greater number of participants at the same time. Ideally, we should offer schools the possibility to perform this intervention during the period of one class (50 minutes) reaching the highest number of students possible. Even so, it is difficult to manage a whole class (with around 30 students) performing laboratory activities with technological equipment in the same space; it can raise the excitement of students and can undermine their discipline and concentration if no closer supervision is given. That is why a more realistic approach for optimization should consider XR interventions for half of the class, while another educator is conducting a parallel activity for the rest of the class. Under an experimental procedure, the classes were divided in two groups: one for the test intervention and the other for the control intervention. Another key aspect to save resources required for this intervention was for the need for trained staff to be reduced to a minimum. The previous study used one trained assistant for each participant, which would require an unfeasible number of guides, 12 to 14, for the intervention. This study reduced the requirement, requiring only one research assistant to monitor a group of eight students who alternated between the roles of 'user' and 'guide'. In this dynamic, we outsourced the role of the guide to the students themselves, optimizing the logistics of the intervention but also giving a more active role for the students during the workshop. 

Goals and hypotheses:

This study had the same goals as the previous one, as defined in the chapter on Problematics:

• Goal A) efficiency: Analyse embodiment and empathic effects of scalable XR Body Swaps.

• Goal B) engagement: Explore how XR interventions can engage students' attention in a thematic related to empathy.

• Goal C) feasibility: Explore how different XR Body Swap formats for interventions for raising empathic capacities can fit educational settings.

We also followed our main research question -"How do scalable XR Body Swaps affect empathic abilities among students in public educational settings?" and the three main goals (efficiency, engagement and feasibility)adapting the specific hypothesis to fit the settings of Study 3.

To address Goal "A" (efficiency), we assumed the four following specific hypotheses:

• A. • A.H.2: Presenting content with a more explicit situation of prejudice leads to more salient differences in negative implicit biases.

• A.H.3: XR Body Swap leads to higher intergroup openness in a case where intergroup disbalance is more explicit: lower implicit biases and higher intergroup subjective proximity.

• A.H.4: XR Body Swap leads to higher states of self-reported cognitive empathy and empathic concern towards an outgroup character.

For Goal "B" (engagement), our new specific hypothesis was:

• B.H1: XR Body Swap with students playing the role of guides leads to higher engagement of students: higher pleasure, aural, interest and feeling "part of the story".

There was no hypothesis regarding Goal "C" (feasibility), but primarily, we wanted to explore the scalability aspect of this new format: offering the experience to a larger group of students at the same time, and using fewer human resources (trained guides) to perform the workshops.

Therefore, we did not explore the integration of the XR Body Swap intervention in a curriculum or school dynamic, focusing on the feasibility aspect of the XR intervention per se.

Methods

Participants

The sample consisted of 40 students in the 9th grade (3eme) from Collège Beaumarchais in the 11eme district of Paris. There was no significant difference in profile between the groups (that started with XR or Video). Gender was balanced between males and females: 53.84% male, 46.16% female, and two participants identified themselves as "other" (not male or female), which was coded as "NA". Their ages ranged from 13 to 15 (Mean = 14.3, SD = 0.56).

There were no significant differences between the groups (that experienced XR first or Video first) regarding their profiles. Most participants were born in France (97.5%, n = 40), and 41.25% had migrant origins (n = 39, one of participants did not know if their parents were both born in France). Questions related to group identity were not obligatory but were answered by all the participants. There was no significant difference between the two groups (that started with XR or with Video) regarding group identity. Participants demonstrated attachment to French culture (Mdn = 4, variance = 1.109, n = 38, two participants answered "I don't know" which was coded as "NA").

Technical problems with the computers resulted in the loss of answers for the IAT test for four participants in the first trial and six other participants in the second trial, reducing the sample of paired test for the IAT (difference between first and second trial) to 30 counts (15 who started with Video and 15 who started with XR). For the questionnaire, problems with the internet connection during the second trial caused the loss of results from 16 participants (11 participants in the Video condition and 5 participants in the XR condition), reducing the sample for paired test analysis to 26 counts (16 who started with Video and 10 who started with XR).

Materials

a. Stimuli

The stimulus presented in this experience was the movie of the Library of Ourselves called Yaya (available at [https://vimeo.com/digitalbertrand/Yaya]). The character (Yaya) is a young man who has just completed high School in France. He migrated with his family from Ivory

Coast to France at the age of 11 years old. In this 10-minute-long documentary, Yaya reports the reasons that made his family migrate to France (the search for better education and opportunities), and how he feels living in a country in which people insist on reminding him of his African origin. In the documentary, different scenes explore how the character works hard to achieve academic success (studying English through videos, studying for exams in the library and at an association for youth near his home). It also explores his relationship with close people, like friends and young brothers. While the narrative talks about his dream of becoming a football player it also emphasizes the lack of opportunities and the lack of clarity regarding his future. Near the end of the documentary, while in a library, he shares memories about situations of explicit racism that he has suffered. The movie ends with Yaya with his friends on a football field while we hear him thinking out loud about his hopes for an egalitarian world.

As in the content presented in Study 2, this movie was designed in a way so as not to generate intense negative emotions (e.g.: there is no visual/experiential representation of situations of prejudice). Moreover, it also explored the following strategies to promote empathy: intergroup Body Swap, positive intergroup contact, and the proteus effect of a compassionate avatar. On the other hand, it offered clearer cues about the social disadvantage of the character and his group (situations of racism, lack of opportunity, lack of support in his studies). In that sense, the content was also less powerful in presenting counter-stereotypical informationeven if it reinforced how the character was committed and worked hard at his studies. During the XR experience, users were invited to move hands and legs; to interact with a book while studying; meet his younger brothers and friends; learn carpentry work; and to visit a library that reminds him of situations in which he has suffered racism. Differently from the stimulus presented in the previous study, this narrative presents the story of a migrant that includes visual and contextual cues (skin colour and reports of cases of racisms) that indicate prejudice against him or his group.

For the XR condition, we used the software developed by BeAnotherLab and a wireless standalone XR headset (Lenovo Mirage Daydream), paired with a tablet, and headphones wired to the XR headset. Users were instructed to mimic the movement of the character to activate visuomotor synchrony. To provide a multi-sensorial experience with visuotactile stimuli, participants were paired and alternated between the role of user and guide. While the user had an XR headset (and headphones), the guide followed a video on the tablet (with wired headphones as well) with audio-visual instructions on how to provide physical stimuli in synchrony (guide video available at [https://vimeo.com/digitalbertrand/yayaGuide]). Control condition individuals experienced the same content on a projection screen while sitting still with their hands on their legs.

a. Measures

We kept the same set of dependent and independent variables which were used in the previous study, as presented in As previously explained in the section "context", the questions used for Study 3 had some small variations from Study 2. Moreover, due to the logistic constrains of the workshopthat was designed to reach a higher number of students in the minimum time possiblewe did not collect data before the intervention, while aiming to mitigate differences in the baseline through the randomization of groups in terms of order of the conditions (XR first or Video first) and by a withing subject comparison.

To evaluate eventual moderators of group identity, we used a series of ad-hoc questions described in Table III.3.1

Demographic measures of 'group identity'

Ad-hoc questions

Attachment to French Culture, French Birth, and Migrant Origin were the same as in Study 2.

The variable Familiarity was not applied in this study since we were no longer addressing the topic of "refugees".

Table III.3.1: Measures of group identity

To evaluate the dimensions related to the effects of the experience (Goal A), we used a series of self-reported questions described in Table III.3.2:

Measures for efficiency: A1 experience effects

Ad-hoc and psychometrics questions

The evaluation of Precision was the same as in Study 2. Regarding the variables of embodiment, we selected another set of four questions from the same source (Gonzalez-Franco and Peck 2018) addressing the following dimensions: body attribution, reversed agency, agency and touch.

Emb.Attr. body attribution: Perception of perceiving virtual body as the real one ("I felt that the virtual body seen in the first-person was my own body").

Emb.Ag.control agency with control over the avatar: feeling of control over virtual body ("I felt like I could control the virtual body as if it were my own"). Although the system did not provide the possibility for control over the avatar's body movements, we wanted to observe if it could generate the perception of active agency.

Emb.Rev.Ag. reversed agency: feeling of having the body controlled by a virtual body. Although in scientific literature this question is used together with two other questions of agency, in our case (given that users had to follow the movements of the virtual body instead of the opposite) high scores in this question were considered as the main measure of reversed agency ("I had the impression that the movements of the virtual body were influencing my own movements").

Emb.Touch

Feeling of touch on a virtual body caused by an object: feeling of touch of a real object:

"It was as if the touch I felt was caused by objects touching the virtual body."

Table III.3.2: Measures of experience effects

To evaluate the dimensions related to intergroup openness, we used a combination of standardized and ad-hoc questions and a cognitive task described in Table III.3.3:

Measures for efficiency: A.2. intergroup openness

Adapted psychometrics; and cognitive task

Intergroup proximity

We adopted the same scale from the previous study (Inclusion of Other in the Self; Aron, [START_REF] Aron | Inclusion of Other in the Self Scale and the structure of interpersonal closeness[END_REF], with an adaptation to address the evaluation of proximity regarding the group of the participant ("my group") and the group labelled as "afro-descendants", as described in the image below.

Implicit Biases (IAT)

We kept the exact same measure from Study 2, using the Single-target IAT to observe implicit bias towards migrants. implicit bias is indicated by the IAT's d score, in which positive values stand for positive bias towards migrants and negative scores stand for negative bias against migrants.

Table III.3.3: Measures of intergroup openness

To evaluate the dimensions related to empathy (Goal A), we used a set of ad-hoc questions described in Table III.3.4:

Measures for efficiency: A.3. empathic expressions

Ad-hoc questions

Targeted empathic state:

Questions related to self-reported empathy were adapted to also observe states related to the character, and not only his group. "I felt concerned about the difficulties of other people with similar stories to the Yaya."

Cog.Ind

altruistic intention

Ad-hoc assessments of altruistic intention followed the same concept adopted in the previous study, but instead of asking for support for refugees living in France, we invited participants to take part in a survey to help one local association that provides support for the character of the movie and other teenagers living in social lodgements in Yaya's district.

As in the previous study, the proposition was designed in a way to overcome any barriers related to specific skills or power, discriminating that the support asked for would be simple enough to be offered by any individual living in France, and that it would not 

Table III.3.4: Measures of empathic expressions

To evaluate the dimensions related to engagement (Goal B), we used a set of ad-hoc questions described in Table III.3.5.

Measures of engagement

Standardized psychometrics and ad-hoc questions Table III.3.5: Measures of engagement

Procedure

The intervention was accompanied by two animators from the BPI to monitor the access to their facility and two teachers from the school (teacher of the 'technology' discipline and educator from the school library). Staff allocated to present the XR experience were composed of one trained research assistant, while another research assistant was allocated to each group to monitor the data collection. Each class was composed of a maximum of 28 students from 9 th grade for a two-hour session for visiting the library and undertaking the XR experience. The XR experience had a one-hour duration for half the class (maximum 14 students at a time).

Prior to the workshop, the same type of informed consent adopted in Study 2 was sent to the teachers and forwarded for parents to authorize participation in the study or not. All parents approved participation in the experience and the data collection. The audio and images of participants were not registered when parents did not approve of this. The workshop was held when the library was closed (from 10am to 12pm). As soon as the students arrived and put down their backpacks and coats, they were randomly divided into two groups, and were given a code to be used in the questionnaires and test. The code was indicated by one number (referring to the day of the workshop), followed by one letter ("V" for those who started with XR and "C" for those who started with Video), followed by a number from 1 to 12 (referring to the number of participants in each group). While the group in the test-condition performed the experience in XR, the group in the control-condition went to visit the library and experienced the content in a 2D video. In the test-condition, participants were paired to alternate between the role of guide and XR user with no break in between. This process took 30 minutes. The following 30 minutes were reserved for data collection through questionnaires on a tablet and the IAT test on a laptop computer. During this period, the control-condition group undertook a 20-minute guided visit to the library, followed by a 40-minute intervention in which they all watched the documentary of Yaya projected on a screen in a big room (10 minutes) and completed questionnaires and IAT tests on computers (30 minutes). In the following hour of the workshop, conditions were alternated (users that had been into XR went to the visit, and vice versa).

Questionnaires of self-reported measures were delivered through tablets, and cognitive tasks (single targeted category IAT with words) were given through a laptop computer right after the intervention. To optimize the time and resources, the order of the assessments (questionnaires and IAT) was alternated.

Results

We analysed the quantitative results using the software JASP (version 0.13.0.0) and followed validated statistical guidelines [START_REF] Moore | Introduction to the practice of statistics[END_REF][START_REF] Sellke | Calibration of p values for testing precise null hypotheses[END_REF][START_REF] Whitlock | The analysis of biological data[END_REF][START_REF] Goss-Sampson | Statistical Analysis in JASP: A Guide for Students[END_REF]. Most of the variables were not normally distributed (Shapiro-Wilk p < .05), and for a homogeneous analysis we chose to use nonparametric tests for all variables. We started by interpreting descriptive statistics considering positive, neutral or negative median scores (e.g.: agreements or disagreements with affirmations in the questionnaires such as embodiment) in comparison to theoretical median scores. We also reported the percentage of participants with positive or negative answers to binomial variables (e.g.: altruistic intention, altruistic behaviour, negative bias above moderate). To compare between conditions, we performed a paired sample test (within subjects), using the non-parametric Wilcoxon Signed rank test to analyse significant differences, and matched rank biserial correlation (rb) to determine the effect size. As in Study 2, binomial variables were analysed by Chi Squared analysis. For significant differences (p < 0.05), we reported differences with effect sizes at all levels (small, medium, and strong). For no significant differences, we reported only medium or large effect size (rb scores above 0.3 for medium and above 0.5 for large effect size). As in Study 2, for the objective measure (IAT), we also reported small effect sizes (rb scores above 0.1). Binomial variables were analysed using the Chi Squared method based on a contingency table. To evaluate the hypothesis that eventual effects were not caused by the order of the condition, we also performed an independent samples test comparing two groups considering the order of the conditions (Video first or XR first). Considering the non-normality of the data (Shapiro-Wilk p < .05), this analysis was conducted with the non-parametric Mann-Whitney independent sample test. To compare Study 3 and Study 2, that had a population with a similar profilealthough they were conducted under a different procedure and with a different stimuli

we performed a one sample test using the Wilcoxon signed rank method, considering α of 0.01 as significant differences to avoid inflated results caused by multiple comparisons. In those cases, we also reported only effect size above moderate levels, determined by Rank-Biserial Correlation (rB). To further understand results found in the tests, we performed a correlation analysis within and between the different dimensions measured after XR and Video conditions.

Given the non-normality of the data, we adopted the non-parametric Spearman's method. As in the Study 2, we only computed medium (rs > 0.3) and strong (rs > 0.05) correlations and, to balance between multiple correlations and avoiding false negatives, we defined the confidence level to 99%, reporting significant (p < .01) and nearly significant (p < .02) correlations. In the case of implicit bias (IAT), as in Study 2, we also reported significance when values had a p value smaller than .05, aiming to reduce the chance of II errors. As in the previous study, to address Goal C (feasibility), we conducted exploratory observations regarding the engagement of students and the school community, the interaction with teachers, and how the logistics of interventions could be implemented from a large-scale perspective.

Results of comparisons within conditions (control versus test) and with Study 2

To analyse the four hypotheses related to Goal A and Goal B, we compared results assessed within participants across conditions (XR and Video) in a randomly assigned order (first XR or first Video). Most of the data were not normally distributed (Shapiro-Wilk p < 0.05) and we conducted non-parametric tests. Assumption checks of normality and homoscedasticity can be found in the appendix "Statistics". For some variables that could not be compared between conditions (Precision and embodiment) we also compared data from Studies 2 and 3 through a one sample signed rank test. The same comparison with the previous study was performed for implicit bias, to observe if the new content led to significant differences due to the new stimulus. 

A2. Intergroup openness

In general, the population of Study 3 also demonstrated a positive intergroup openness, and we did not observe any differences between test and control conditions regarding subjective proximity, and implicit bias.

Subjective proximity (IOS)

The IOS scale addressing the proximity between the group of participants ("my group") and Afro-descendants was the only variable of intergroup openness that demonstrated a statistical tendency with moderate effect size, indicating higher intergroup proximity after the Video condition: Wilcoxon Signed rank test V = 38.50, p = 0.273, r(b) = 0.40.

As indicated in the Table III We did not observe any statistical tendencies, not even of small effect size, suggesting differences in scores for the IAT between both conditions. In the same way, a paired sample signed rank test comparing the first with the second trial (regardless of the condition) did not show any significant difference, or any difference in terms of effect size (W = 243.00, p = 0.84, rb = 0.045). In general, participants demonstrated low negative biases. None of the participants had high negative bias (d scores lower than -0.65). After the first trial, 19.44% of the participants (n = 36) demonstrated moderate negative implicit bias (d scores lower than -0.35), and after the second trial, the percentage of these participants was 23.53% (n = 34).

To analyse if the stimuli for Study 3that presented a character with a lower social status then the Study 2-had more salient negative biases, we also compared IAT scores (for the first trial in XR and the first trial in the control conditions) with Study 2 (XR and control conditions, respectively) through a one-sample signed rank test of medians. We did not consider IAT scores for the second trials of Study 3, to avoid eventual effects of preforming the test repeatedly in one of the groups [START_REF] Greenwald | Health of the implicit association test at age 3[END_REF]. In this way, participants from both studies that were compared have only performed once the IAT Test. As indicated in the Tables III.3.8 and III.3.9, the results demonstrated there was no significant difference between studies 2 and 3 for XR condition (V = 41, p = .098) and Video condition (V = 120, p = .487). Even so, we noticed a statistical tendency with moderate effect size toward higher negative bias among Study 3´s XR group participants (rb = -0.46); and a statistical tendency with small effect size towards lower negative bias in Study 3's Video group participants (rb = 0.203). Then, we compared the first trials of Study 3 (for the XR and Video conditions) with the medians of the No-Stimuli group in Study 2, and again, we did not find any significant difference (V = 106., p = .174; V = 131, p = .156; respectively), only a moderate effect size with a statistical tendency towards lower negative biases for both conditions in Study 3 (rb = 0.386 and rb = 0.379 respectively) when compared to a population with a similar profile that was not exposed to any stimuli (No-stimuli group from Study 2). The results did not present evidence to confirm our second specific hypothesis (AH2) that the stimuli with a narrative that addressed inequality with higher salience leads to higher differences for negative bias. Moreover, there was no significant difference between the equivalent conditions across both studies, even in relation to the No-stimuli group in Study 2.

One sample Wilcoxon signed rank test of medians

The results did not confirm our third specific hypothesis (AH3) either, that XR would lead to lower negative bias, since there was no difference between the conditions and not even small effect sizes. The null results could have been caused by a ceiling effect observed in the population for Study 3.

A3. Empathic expressions

Self-reported empathy

The XR condition was responsible for higher scores with a strong effect size in both selfreported empathy dimensions related to the character (cognitive empathy and desire to help).

Statistics for paired samples using the Wilcoxon signed rank test were, respectively: W = 136, 

Descriptive statistics of self-reported empathy variables

Altruistic intention

There was no significant difference nor any considerable effect size between both conditions regarding altruistic intention and regarding the time proposed to provide support for migrants.

Most of the participants (80% after the first trial, n = 40; and 76.92% after the second trial, n = 26) declared altruistic intention, but around half of the participants committed to the minimum amount possible (42.5%, n = 40 after the first trial and 53.84%, n = 26 after the second trial), and very few subjects declared high altruistic motives (2.5% after the first trial, n = 40; and 11.53% after the second trial, n = 26).

Across both conditions, medians scores indicated a low amount of time offered to support migrants. After the first trial, median scores from both conditions were 5.0 minutes (25.88 for XR, and 20.36 for video). If we consider only participants who declared altruistic intention, after the first trial, the median score from the XR condition was 7.5 minutes (ranging from 5 to 20, variance of 19.63) and for the Video condition, it was 5.0 minutes (ranging from 50 to 20, variance of 12.68).

After the second trial, the median scores from both conditions were 5.0 minutes if we consider all the samples or only the participants who declared altruistic intention. Variance in the first case was 33.902 for XR and 28.125 for Video, both with a range from 5 to 20 minutes; and variance in the second case 37.40 for XR, and 33.61 for Video both with a range from 0 to 20 minutes.

Taken together, the results could not confirm our third specific hypothesis that XR would lead to higher altruistic intention. And in fact, we observed a floor effect whereby most participants did not express high altruistic motives.

Results for Goal "B" (engagement)

B1. Emotional state and B2. attention

A significant difference with a strong effect size was observed after XR intervention in all dimensions of engagement, indicating higher pleasure, higher arousal, higher feelings of being First versus second intervention of XR Significant differences were found for only three variables. There were higher scores with a moderate effect size for the second intervention for agency (control over the avatar), emotional state (arousal) and attention (part-of-story). Statistics for the Independent Samples Mann-Whitney U test were, respectively: W = 80, p = .016, rb = -0.474; W = 92.50, p = .043, rb = -0.391; W = 81.5, p = .014, rb = -0.464. Other variables were not significant and did not demonstrate any effect size above small. These differences may be explained by the fact that participants who experienced the XR after the Video based their perception of the former on a comparison between the two. Significant differences can be visualized in Figure 

First versus second intervention of Video

In the comparison between the measures taken after the Video condition, we did not observe any significant differences. Even so, one single variable demonstrated a statistical tendency of moderate effect indicating higher pleasure after the second intervention (Independent Samples Mann-Whitney W = 64.5, p = .077, rb = -0.386). Descriptive statistics are reported in Table III .3.13 and in Figure III.3.6. This effect could have been caused by the fact that participants in the second trial with the Video had already experienced the XR, of which they had high expectations, while after the first trial of the Video, this expectation had not been met. 

Correlations within and between conditions

To provide a further understanding of the interactions of the different variables collected, we performed a correlation analysis considering data collected after XR and after Video for the same dimension as different inputs (e.g.: Cog.empathy.Character_XR for data collected after the XR condition, and Cog.empathy.Character_Video for data collected after the Video condition).

Correlations within each dimension

We began by observing correlations within each dimension (for Goals A. As presented in the Table III.3.14, we observed significant positive correlations between some dimensions of embodiment. Higher precision was correlated with a strong effect for body attribution and agency, and its interaction with touch was nearly significant (p = .016) and under a moderate effect. Higher perception of body attribution had a correlation with a strong effect for agency and touch. Agency demonstrated moderate effect correlations to body attribution, touch. Order (experiencing XR before or after the control condition) had a nearly significant correlation (p = .013) with agency, meaning that in the second trial, higher scores for agency were more likely to occur. In the Table III.3.14, significant correlations are marked with two or more asterisks, and the strength of the correlation can be interpreted based on the rho (rs) scores (above 0.3 for moderate and above 0.5 for strong correlations with strong effect). We did not observe any significant correlation between implicit bias and intergroup proximity, regardless of the condition or order.

Spearman's Correlations within Experience Effects (A.1)

Correlations within empathic expressions (A.3) Answers between variables collected after XR and Video conditions were significantly correlated with a strong effect for Emp.Concern.Group (rs = 0.79, p < .001) and altruistic intention (rs = 0.60, p = .001). Emp.Cog Character demonstrated only a moderate effect correlation on the borderline of statistical significance (rs = 0.46, p = 0.018).

As indicated in the Table III After the Video condition, there was only one correlation between cognitive empathy towards the character and empathic concern towards the group (rs = 0.558, p = .001).

We did not observe any significant correlations (p < .01) within the amount of time offered across conditions, nor between time offered and self-reported empathy within conditions.

Correlations within engagement (B.1 and B.2)

Higher engagement after the XR condition was related to higher engagement after the Video condition in all its dimensions, which were significant or nearly significant. In the Table III Among the answers after the XR intervention, we did not observe correlations of pleasure with any other dimension of engagement. Higher arousal, higher feelings of being part of the story and interest in the experience were all correlated with a strong effect, except between arousal and interest in the experience, that demonstrated a small effect correlation, as indicated in the Among the answers after the Video intervention, we observed only correlations between higher feelings of being part of the story and higher interest in the experience with a strong effect (rs = 0.50, p = 0.004). Regarding the order of the conditions, experiencing XR as a second intervention accounted, with a moderate effect on the borderline of statistical significance, for a higher feeling of being part of the story (rs = 0.424, p = .011).

Correlations between each dimension of Goals "A" and "B"

Correlations between experience (A.1) and intergroup openness (A.2)

Although significant only under an α of 0.05, we observed a correlation with medium effect between higher scores for body attribution and moderate negative biases (rs = .34, p = .043), meaning that individuals who had higher bias after XR also had higher feelings of embodiment.

Even so, this correlation related to only seven participants who reported negative bias above moderate after the XR condition (19.44% of a sample composed of 34 respondents).

Correlations between experience (A.1) and empathic expressions (A.3)

The perception of higher precision was only a nearly significant correlated (p = .015) to the desire to help the character, with a moderate effect. Higher feeling of body attribution was observed significantly affect higher with a moderate effect self-reported empathy dimensions targeted at the character (Cognitive empathy and Desire to Help). Higher feeling of touch had a strong effect correlation with the desire to help the character. Higher empathic concern towards the group was correlated with a moderate effect with higher perception of reversed agency. Atruistic intention and the amount of time committed was not related to any dimension of embodiment. The statics of these correlations are described in the Table III.3.18.

Correlations between experience (A.1) and attention (B.2.)

As indicated in the Table III.3.20, higher interest in the experience had moderate effect correlations with higher perception of body attribution, while higher feelings of being part of the story was correlated with strong effect with precision and agency, and with moderate effect with higher perception of body attribution. As described in the Table III.3.21, there was no significant correlation between intergroup openness and empathic expressions after the Video intervention. But after the XR interventions, we observed a correlation between higher positive bias (IAT_XR) and higher empathic desire to help the character, and a higher tendency towards maximum altruistic intention, although not strongly significant (0.01 < p < .005). We did not observe any correlation between variables for intergroup openness and engagement among the variables collected after XR or after Video.

Spearman's Correlations between

Spearman's Correlations between Intergroup

Correlations between empathic expressions (A.3.) and emotion (B.1)

After the XR condition, we did not observe significant correlations. After the Video condition, we observed only significant correlations, with a strong effect, of higher arousal with higher cognitive empathy towards the character (rs = 0.545. p = 0.002) and higher amount of time offered among all the samples (Alt.Int.Time.0-20, rs = 0.496, p = .005).

Correlations between empathic expressions (A.3.) and attention (B.1)

As indicated in the Table III.3.22, after the XR condition, we observed that cognitive empathy towards the character had significant correlations of, respectively, strong, and nearly strong effect to interest in the experience and feeling part of the story. Besides that, we also observed a nearly significant correlation with a moderate effect between interest in the story and altruistic intention. Due to technical problems caused by the loss of some self-reported data after the Video condition, we reported only variables related to group identity collected after the XR condition.

Spearman's Correlations within XR condition between empathic expressions (A.3.) and attention (B.1)

Once these variables are not susceptible to the condition (the profile of participant does not change with the intervention) we assumed the same answers for each participant also under the Video condition. We have not observed any correlation between these variables. Among them, only migrant-origin and attachment-to-France was demonstrated to negatively affect intergroup openness, empathy, and engagement, and positively affect feelings of agency. Even though, the only significant correlation (p < .01) indicated that individuals with migrant origin had a tendency of lower empathic concern towards the group, and that individuals with higher attachment to France had a tendency of higher negative bias (but only after the video condition).

As indicated in the Table III.3.24, although the other correlations mentioned are in the borderline of significance (.01 < p < .02), they confirm an overall tendency that migrant origin and higher attachment to France accounted for an overall lower empathy expression. 

Spearman's Correlations with group identity moderators

Observations regarding the format of the intervention

The workshop implemented in this study offered a dynamic that created a new entry-point for incorporating pedagogical tools for empathy through XR Body Swaps workshops: school visits to a cultural centre. This allowed teachers to use an existing structure with XR equipment outside the school. Being outside the environment of the school helps in taking teachers and students out of their routine. Teachers were invited to bring their classes and engage in the workshop by experiencing XR and taking part in a further debate about the content presented and the technology itself. Although it was offered as part of the technology discipline, the same type of dynamic would fit school visits organized by other teachers, as well as extra-curricular activities in which students could attend by themselves outside classes.

Observations of students' engagement

Students demonstrated great discipline during the three phases of intervention (visit to the library, XR experience and filling in the questionnaires and tests), which was expected due to the nature of the environment (a public library) and due to the supervision of the staff from the library along with a teacher for each group of 12 students. engagement and interest in the topic could not be observed since there was no theoretical class, nor a time/space for discussion, which would have been ideal. Even so, we observed that while acting as guides for another colleague randomly chosen (they could not choose their best friend), students behaved with respect and care towards each other, following their role as guide according to the instruction given by the researcher.

Observations of the school community engagement

Two teachers participated in the intervention: one was a teacher of technology, and the other was an educator from the CDI (school library). They demonstrated high interest in continuing, expanding, and going further with the activity. In fact, they engaged in another workshop after the intervention, taking an active part in the process of discussing, writing a script and cocreating a new XR movie with the students which addressed the topic of cyberbullying that they identified as highly relevant. To do this, the teacher of technology dedicated four of his classes to discussing deeper technical and humanistic issues related to the project. This highlighted the interest of these educators in the integration of XR Body Swap technologies in a longer program related to empathy, and not simply a single intervention.

Observations regarding scalability

The new formatusing non-trained guides and many participants at the same timeallowed great optimization of the logistics of the workshop, solving problems regarding its scalability reported in the previous study. If we do not take into account the data collectionwhich would be the case for a purely pedagogical intervention -the intervention itself could be offered to a group of up to 14 students at the same time (half class) during a period of 30 minutes, needing only one trained monitor to provide the experience. This trained monitor can, in fact, be one of the existing monitors in the library that owns the XR equipment structure, or even the teachers themselves if the workshops take place in school. Moreover, the division of participants between guide and user creates a dynamic that facilitates a discussion in dyads that could precede a general discussion conducted by the teacher.

Highlights of Study 3

Highlights of Study 3

Problem related to empathy Intergroup empathy towards Afro-descendant migrants.

Problem related to embodiment

Scalable (low resources) pre-recorded Body Swap.

Main Focus

Investigate effects of scalable Body Swap on embodiment, intergroup empathy states and engagement.

Intervention format

Workshop for large groups.

Content

Documentary with first-person perspective of Afro-descendent migrant in Paris.

Body Swap stimuli at visceral body level

Visuomotor reversed agency of body, visuomotor head agency, passive and active visuotactile stimuli.

Body Swap stimuli on a conceptual level

Intergroup swap, proteus effect of compassionate avatar, intergroup contact with an individual with disadvantaged condition.

Experimental design method

Randomized control test within subject; comparison to medians of No-Stimuli group (non-parametric method); exploratory observation.

Knowledge created

XR Body swap effects on higher self-reported empathy towards another individual and higher engagement. 

Discussion based on Study 3

In this section, we discuss the main findings of our second enactment in an educational setting relating to goals previously stated: A. efficiency, B. Engagement and C. Feasibility. We discuss why this study could confirm the hypotheses related to embodiment (AH1) and engagement (BH1), while only partially confirming the hypothesis related to empathic expressions (AH3)

and not confirming the hypothesis related to intergroup openness (AH.2). Moreover, we draw conclusions based on the exploratory observations regarding feasibility.

A1. Experience effects

Embodiment

Although we did not compare embodiment variables between groups, medians of the selfreported questionnaire indicate agreement with the affirmations related to all the dimensions of the illusion. Among those, embodiment related to touch accounted for the highest scores and the stronger correlations to body attribution, which indicates that the illusion of touch was effective and important for the overall embodiment. Moreover, we noticed positive agreement with the question related to agency (control over avatar) that we did not expect, and this variable was correlated with body attribution. It is possible that the positive responses related to control over the avatar were caused by the fact that participants could control the character's head movements, but not their body. On the other hand, the variable of reversed agency, that we considered as a component of embodiment, was not related to body attribution. Future research should explore further how agency of the avatar, agency over avatar movements, and reversed agency interact with the perception of body attribution.

When compared to Study 2, self-reported scores for body attribution did not present any significant difference, meaning that the stimuli provided were equally effective. Therefore, the results confirm our first main hypothesis, which was also the first hypothesis for Study 2: H1:

A combination of low-resources multisensory stimuli can induce embodiment.

Precision

Even with participants themselves taking on the role as guides without any type of previous training, and being noticeable inaccurate during many interactions, the median score for precision was between neutral and positive (Mdn = 3.5 on a 5-point Likert scale), with the neutral theoretical median agreement being the affirmation: "sometimes precise, sometimes imprecise". In fact, interactions for Study 3 led to a significantly less precise perception than in Study 2, and so did the feeling of touch. Moreover, Spearman's rho scores (rs) showed a strong interaction between higher precision and higher embodiment, indicating that if interactions were more precise the illusions would be stronger. But, as discussed in the previous study, even though interactions were not precise all the time, the level of precision was enough to generate positive scores for embodiment in the experience. Taken together, the results suggest that the illusions were effective even with non-trained guides, reconfirming our first specific hypothesis (H1) that interventions with un-trained assistants can induce embodiment.

A2. Intergroup openness

To create a more explicit representation of an outgroup dealing with social prejudice, this study presented a different stimulus aiming for a clearer characterization of a migrant individual with lower status than the movie of Haytham presented in Study 2. The movie had clear cues of outgroup stigmatization: the character had African descendance and a dark skin colour and reported concrete cases of racism that he had suffered due to his origin and skin colour. Even so, we did not observe significant differences of intergroup proximity between the XR and test conditions, indicating a ceiling effect on intergroup openness.

Proximity

In Study 3, the IOS scale was used to observe intergroup overlap (rather than inter-individual overlap such as in Study 2). The median scores indicated a high proximity after both conditions and a moderate effect tendency towards higher proximity after the Video condition, showing that the Video condition was more effective in generating higher proximity then XR, like in Study 2, which contradicts our third hypothesis (AH3).

Implicit bias

Regarding implicit bias, there was no difference between conditions, and not even small effect sizes. As indicated in the scientific literature [START_REF] Greenwald | Implicit social cognition: Attitudes, self-esteem, and stereotypes[END_REF] we expected that the second trial of the IAT could have lower scores for negative bias, but there were no significant differences between the first and second trials. We did not observe any significant differences in IAT scores in Study 3 even when compared to Study 2 and, therefore, we could not confirm our second hypothesis AH2 that the new stimulus would generate higher differences in negative bias, and in fact, it did not generate significant differences even if compared to the stimuli in Study 2.

Looking to the correlations of variables in Study 3, we observed that on the one hand, higher IAT scores (standing for positive bias) collected only after the XR intervention were related to higher self-reported empathy and a higher tendency towards high altruistic motives (maximum amount of time offered).

This indicates that less negative bias affected self-reported empathic expressions only after participants experienced the content through the XR Body Swap. On the other hand, correlation analysis showed that a small group of individuals who presented negative bias above a moderate level (7 participants out of a sample of 36 students) had a tendency to report higher scores for embodiment. Taken together, the results do not confirm our third hypothesis that XR interventions would lead to higher intergroup openness.

Null results in the difference between conditions could be caused by the fact that most of the population (80.56% after the first trial, and 76.47% after the second trial) did not present any negative bias above a moderate level, and that most of the individuals reported very high scores for subjective proximity. This may have created a ceiling effect that did not allow space for changes across the two conditions. A possible reason for this ceiling effect is that, as in Study 2, all of the participants had familiarity with individuals of migrant origin (around half of the sample were of migrant origin, and all of them interacted closely with people of migrant origin in their daily routine). Therefore, even with a different stimulus that presents, in a more explicit way, an individual from a disadvantaged group, maybe the category "migrant" does not stimulate a negative bias within a population that is familiar with people with migrant origins.

To better observe the presence of implicit biases, we believe that future studies should adopt a different category for the IAT measure. Instead of using a single-targeted category of the IAT with words focusing on "migration", we should consider a dual-category IAT that discriminates between two racial groups: Caucasian and African-descendant. Another possibility that we need to consider is that both studies, in which we have seen a ceiling effect for intergroup openness (Studies 2 and 3), were conducted by a team of researchers and research assistants composed mainly of migrant individuals. According to the contact hypothesis [START_REF] Pettigrew | A meta-analytic test of intergroup contact theory[END_REF]Van Bavel & Cunningham, 2009), positive intergroup contact with another outgroup individual (the research staff) could have induced changes in the implicit biases across all groups. This possibility should also be isolated in future studies.

Even without significant differences, we observed that the correlation analysis indicated contradictory results. While a small set of individuals with negative bias above a moderate level had a tendency to report higher embodiment scores, less negative implicit bias was seen to correlate to empathy expressions only after the XR interventions. This can mean, on the one hand, that XR interventions were likely to stimulate participants with positive bias towards empathic expressions. And on the other hand, among the individuals who had higher negative bias, the effect of the XR Body Swap intervention was negative. While the sample size of thes variable of high levels of bias was too small (only 7 participants), we tried to investigate this effect more fully and speculate on the possible reasons behind it. Among those individuals with negative bias above a moderate level, in both trial orders (XR first or after the Video condition) the difference between the two measures of IAT were not significant (which is reasonable due to the exceedingly small sample size). For the subjects who experienced XR (n = 3) first, variation was null, with an effect size showing lower bias after the Video (W = 0, p = 0.25, rb = -1). For subjects who experienced the Video condition (n=4) first, the effect size indicated higher negative bias after the XR intervention (W = 8, p = 0.375, rb = 0.6). To confirm if the stimuli induced higher negative bias it would be necessary to perform another study with the same content on a larger sample with negative bias. If that were to be confirmed, we speculate a possible explanation that lies in the content presented itself. The scientific literature discussed in Chapter I shows that in previous studies, XR intervention has caused an increase in negative biases, which is argued to be characterized by the exposure to negative situations (i.e.: being socially ignored; [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF] or to the enhancement of negative stereotypes prior to the experience (i.e. bad performance of women in maths; Lee, Nass, & Bailenson, 2013). In that sense, the documentary in Study 3 may not have strongly explored counter stereotypical features of the character, differently from the stimuli in Study 2, that presents a refugee with a positive status (not suffering from prejudice, and who has achieved accomplishments in life such as entering university and having friends). Instead, the story of Yaya presented in Study 3 shows the first-person perspective narrative of a young man who has suffered from racism and highlights the character's academic and professional difficulties, albeit it shows his hard work.

While the negative situations (reports of cases of racism) are balanced with positive situations (feeling and receiving love and bonding with friends and family), the content does not balance counter-stereotypical information of, for example, Yaya's academic success at high school, with the difficulties that he faces due to his social situation (i.e.: having no one to help him study, which is presented in the film).

A3. Empathy expressions

Self-reported empathy

Differently from the previous study, here we included self-reported questions related to empathy towards the character and demonstrated that the XR intervention was accountable for cognitive empathy and a desire to help the character. For the variable of empathic concern related to the group ("I felt concerned about the difficulties of other people with similar stories to Yaya Cisse") the difference was not significant, but we noticed a statistical tendency of moderate effect indicating higher compassion after the XR condition in comparison to the 2D Video. Moreover, we observed a positive correlation between the variables of embodiment and the empathy dimensions: higher cognitive empathy was related to body attribution, and higher desire to help the character was correlated to higher body attribution and strongly correlated to higher feeling of touch. Higher empathic concern towards the group has demonstrated to be correlated to higher reversed agency.

The results partially confirmed our fourth hypothesis A.H.4. indicating that the XR Body Swap led to higher self-reported cognitive empathy and empathic concern towards the character, while only a moderate statistical tendency also indicates a positive effect on compassion towards the group.

On the one hand, most of subjects from both groups reported altruistic intention. On the other hand, among the participants who declared an intention to help, the amount of time offered tended to be exceptionally low (medians of 7.5 minutes for the XR group and 5 minutes for the control). Even so, around half of all the participants (42.5%, n = 40 after the first trial and 53.84%, n = 26 after the second trial) committed to the minimum amount possible (5 minutes), and very few committed to the maximum amount of time (2.5% after the first trial, n = 40; and 11.53% after the second trial, n = 26). This commitment to maximum amount of time was observed to correlate to lower negative bias, but only in the XR condition.

Taken together, the results suggest that participants declared an initial altruistic intention, but once asked to define a specific amount of time, participants did not seem to be willing to compromise much. We cannot reject the possibility of social desirability bias (answering as participants thought they were expected to) especially regarding the declaration of altruistic intention even if participants were assured that the questionnaire was anonymous. But, the tendency to demonstrate a willingness to support was not sustained when asked for a specific amount of time (which suggested they would actually be asked to spend time in their real life to provide this support). A better explanation for this discrepancy between declaring intention but not committing too much time would lay on the idea that individuals were willing to be consistent egalitarian social goals (i.e.: "Liberté, Égalité, Fraternité" and moral values against racism such as the ones advocated in the movie presented as stimuli).The scientific literature has explored how the implementation of social goals is not highly effective when they are not being observed by others [START_REF] Kubota | The neuroscience of race[END_REF]. Although we can only speculate about eventual reasons for this behaviour, which should be further investigated, our results refute the third hypothesis (H.3) that XR would lead to a higher empathic response in relation to altruistic intention. In fact, none of the interventions led to a substantial altruistic intention. Results led us to question the validity of our measure of altruistic intention in representing a tendency towards altruism.

B. Engagement

The results demonstrated that the XR experience had a clear effect on engagement when compared to the Video, leading to significantly higher pleasure, arousal, interest in the experience and feeling part of the story. The order in which the XR Body Swap condition was presented had also affected engagement Arousal and feeling part of the story was higher among participants that tried XR after the video (which was not seen among Video group). This finding suggests that when participants tried XR after video their reference may have been impacted by an implicit comparison to the video condition. Even so, results confirm the power of the XR Body Swap condition in leading to a higher engagement.

Correlation analysis reinforced the role of embodiment on engagement. Feeling of being part of the story after XR condition was strongly correlated precision, agency over the avatar, and had a moderate correlation to body attribution. Regarding emotional state, while feeling of touch had a strong correlation to pleasure, agency over avatar and precision had a strong correlation to arousal. Interest in the experience was also impacted by higher body attribution with a moderate effect.

Correlation analysis has also confirmed findings from Study 2 showing that engagement and self-reported empathy are correlated. Feeling part of the story after XR condition was also seen to correlate to higher cognitive empathy towards the character, and interest in the experience showed a moderate correlation with high altruistic motives which was in the borderline of significance (p = 0.016). Looking to the correlation of data collected after the video condition, we see that a higher feeling of being part of the story was strongly related to higher self-reported empathy (cognitive empathy towards character and empathic concern towards group) as well as a larger amount of time committed to support.

Taken together, the results confirm our fifth hypothesis (BH1) that embodiment would lead to higher engagement. Moreover, and confirming the findings from Study 2, we observed that engagement can also positively impact empathic expressions.

Group identity

In line with the previous study, we saw no correlations with a strong effect for group identity, meaning that these variables do not present high interference in the results of other variables.

As in the previous study, we must consider that the population of Study 2 also had a high familiarity with individuals of migrant origin (41.25% of the sample) and interacting with them in their daily routine. Even so, differently from Study 2, we observed moderate effect correlations between migrant origin and lower empathic concern towards the group. Negative effects for implicit were also observed for higher attachment to France. Curiously, higher attachment to France was correlated with a higher feeling of control over the avatarwhich is something that the stimuli did not provide aside from the head movementsbut this correlation in the borderline of significance to not offer robust evidence to draw any conclusion about this aspect.

C. Feasibility

The new format of the intervention demonstrated another strategy for offering XR Body Swap training for schools: through the engagement of cultural centres that can be used as an extension of the school by teachers and students. Moreover, the format that invited students themselves to play the role of guides also offered participants a higher agency and engagement in the activity since, performing as guides, they became protagonists in the intervention itself. This was in spite of the lack of theoretical discussion (before and after the intervention) which made it impossible to observe the engagement of students in deeper reflections related to empathy, as there had been in the previous study. Even so, the enthusiasm of the teachers that led to changes in their planning and dedicating a series of classes to a project related to XR and empathy demonstrates the high potential of this technology as a pedagogical tool.

An ideal model would integrate these interventions in cultural centres with guidelines for theoretical discussions to be held by teachers. Moreover, the new format adopted a much more optimized intervention allowing half the class (around 14 students) to experience XR, play the role of the guide, and spend time debriefing (in our case through questionnaires and the IAT).

In fact, in a situation that does not require the collection of measures right after the XR intervention, this dynamic would offer a great logistics solution, and it would be feasible to have a whole class (a group of around 28 students) in a period lasting 50 minutes. Taken together, observations of the implementation indicate that XR Body Swaps can be used as a highly scalable solution.

Conclusions based on Study 3

We implemented and tested a second enactment of XR Body Swap interventions under a different model using an existing structure that could provide the technology (a public library) to host school visits. This new format adopted optimal logistics that enabled the intervention to be implemented in a highly scalable way. It also explored how students could take a more active role in the intervention by taking on the role of guides, and therefore, also contributing to low human resources required for the interventions. Moreover, it raised the enthusiasm of the two teachers involved, who then integrated this pedagogical tool in their planning. The observations of the implementation suggest that XR Body Swap technologies could be used not only as a single intervention, but in a broader program of empathy integrated with other disciplines, that enables teachers to address topics that they consider of high relevance for their students.

Quantitative measures focused on the effects among subjects who were exposed to two different types of media (XR and 2D-Video). The results suggested that the XR Body Swap intervention was effective in generating an embodiment illusion even with non-trained guides. The tactile perception had a positive effect in the illusion even without a constant precision, highlighting the power of this type of stimulus and the fact that does not need to be fully accurate. We did not see a direct correlation between reversed agency and body attribution, noticing also scores for agency over avatar higher than expected, which could have been caused by the control participants had over the head movements of the avatar. Reinforcing the findings of Study 2, we also demonstrated how XR Body Swap can lead to high engagement among students, regarding their emotional state and attention, and how higher engagement can itself positively impact empathic expressions.

In this enactment we focused our analysis on self-reported empathy states targeting the character, which demonstrated that the XR intervention led to higher self-reported cognitive empathy and compassion towards the character, but also statistical tendencies indicating positive effects on compassion towards the group. We used a stimulus that presented the story of a character who reports explicit signs of social disadvantages, but, as in Study 2, a general ceiling effect regarding intergroup openness did not result in an ideal condition to observe strong differences. There was no difference between conditions regarding altruistic intention.

While most of the participants declared altruistic intention, when asked to specify the amount of time they were willing to offer, they tended to commit to the minimum possible, which let us to question this altruistic intention. We argue that the results may express an intention to commit to social goals, rather than true altruistic intention, and questioned the validity of measuring altruistic intention as an indicator of altruism.

Decisions for the next steps of the research

Future enactments of our research should further explore the following aspects:

• Investigate the correlation of different subcomponents of agency (specially related to body movements) and their correlation to body attribution.

• Adopt a different type of measure for implicit biases by changing the category 'migrant' to a category more historically related to negative biases, such as race.

• Apply the intervention in a more controlled environment, away from the eventual influence of students' peers and from guides who could be associated with the targeted outgroup.

• Explore the correlation between declared altruistic intention and altruistic behaviour to analyse if intention can be considered a valid way of observing altruism.

• Investigate if higher embodiment contributes to altruistic behaviour.

Study 4: individual workshops for university students

Context

In Study 4, we decided to focus on further investigating how variables of intergroup openness, altruistic intention, altruistic behaviour, embodiment, and engagement interact with each other after XR Body Swap interventions without external influences.

To do so, we collected data for a correlational study in a more controlled setting simply through the presentation of the XR intervention, and away from the influence of a participant's peers or teachers. To facilitate the access to this condition we conducted individual workshops at the Institute of Psychology at the Paris Descartes University for university students, using the same movie (Yaya) presented in Study 3, through the system Library of Ourselves One single highly trained researcher without association to the targeted outgroup (migrant origin or dark skin) was selected to perform all the interventions, avoiding intergroup contact.

Regarding implicit biases, following a hypothesis raised after the previous study, we decided to adopt a different variation of the IAT related to race instead of targeting migrants, that compared two categories instead of one: Caucasian and Afro descendants. Finally, since this study was performed among psychology students, we wanted to avoid eventual biases of participants who could think that the study was about empathy towards migrants or Afro descendants. Therefore, we reinforced the cover story for the theme of the XR and cognitive sciences by adding another content in the XR related to sexual health from a feminist perspective, and included questions related to proximity and altruistic intention related to different groups (psychology students, feminists and migrants).

Goals and hypotheses:

This study followed the two first goals defined in the chapter on Problematics: Goal A) efficiency (analyse embodiment and empathic effects of scalable XR Body Swaps) and Goal 

Hypotheses related to experience effects

A.1. Embodiment

• H.1. Regarding embodiment, in a pre-recorded XR Body Swap, higher body attribution is correlated to all aspects of agency (reversed agency, agency over the avatar and agency over movements), while agency over the avatar is independent from agency over avatar's movements.

Studies 2 have already shown that the interaction under a reversed agency mode is effective to induce Body Ownership Illusion. But while Study 2 did not assess reversed agency, Study 3 did not indicate a direct correlation between the perception of reversed agency and body attribution, which contradicted our expectations and we decided to explore further in a more controlled setting. Furthermore, we hypothesized that reports of feeling of agency over the avatar would not be related to agency over the avatar's body movement, and could eventually be interpreted as agency over the head movements, which we decided to investigate further in the present study.

• H.2. In a pre-recorded XR Body Swap, the feelings of passive and active touch are strongly correlated with higher body ownership, while the precision of touch delivered by the interaction will a moderate effect.

Due to the high influence of touch perception in body attribution observed in Studies 2 and 3, in Study 4 we wanted to explore how active and passive touch affected the overall embodiment.

Furthermore, in Studies 2 and 3, we implemented different levels of accuracy in the tactile stimuli (with moderately trained and untrained guides) showing no significant differences in the embodiment illusion generated. Therefore, in Study 4that involved a highly trained guide to perform tactile interactionswe expected that the perception of higher precision would not have a strong effect on the strength of the illusion.

A.2. Intergroup openness

• H.3. Higher scores in experience effects are correlated to higher intergroup openness (implicit bias and proximity)

Scientific literature indicates that embodying an outgroup can impact changes in implicit biases by reducing [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF] or increasing [START_REF] Groom | The influence of racial embodiment on racial bias in immersive virtual environments[END_REF] negative bias. In our studies, we have observed an effect of XR on higher positive bias in Study 2 using one stimulus presenting a video of a refugee with counterstereotypical traits. In Study 3, the video adopted a different stimulus presenting a character with lower social status and we found a correlation between higher embodiment and higher negative bias but only among an exceedingly small group of participants. In both studies, however, there was an overall ceiling effect of intergroup openness, with an exceedingly small number of participants having negative bias above a moderate level. In Study 4, we wanted to further investigate if the feeling of embodying a character with lower social traits would be correlated with lower negative racial bias, a group categorization that we expected would reduce the ceiling effect of intergroup openness observed when using the categorization of migrant x French. Furthermore, we wanted to assess these results without possible interference of peers or influence from the research assistant, that in this study, had no association with an outgroup category. As we expected a reduced ceiling effect of positive bias, we hypothesized that negative bias would be related to higher subjective proximitysince Study 3 in particular indicated that group proximity was correlated with other empathy-related expressions.

A.3. Empathic expressions

• H.4. A higher tendency for altruism towards an outgroup is related to higher embodiment after the XR Body Swap experience.

Based on scientific literature [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF], we expected that higher embodiment generated from an XR Body Swap intervention would be related to higher altruistic behaviour. In Study 4 we wanted to observe if low-resources multisensory stimuli could also induce positive correlations between embodiment and altruistic behaviour.

• H.5. Altruistic intention can predict altruistic behaviour.

The big discrepancies between declaring altruistic intention and committing to engage with time observed in Study 3 raised a doubt about the validity of the assessment of altruistic intention to predict altruistic behaviour. Therefore, Study 4 aims to analyse how altruistic intention interacts with altruistic behaviour under the same paradigm used in Studies 2 and 3.

Hypothesis related to engagement (B.1.)

• H.6. Higher engagement towards the experience is enhanced by higher embodiment and plays an important role in inducing higher empathic states.

Studies 2 and 3 demonstrated that engagement (especially feeling part of the story) was strongly correlated to embodiment and to empathic expressions. In both studies we also identified correlations between higher engagement and higher empathic expressions, suggesting that engagement could indeed be an important aspect for contributing to empathic capacities. In Study 4 we expected that the interaction between engagement and embodiment would be replicated. Furthermore, we expected that engagement would affect positively empathic capacities, and hypothesized that this could be observed in the objective measures of altruistic behaviour and IAT, especially because we expected the saliency of negative bias would be higher than in the previous studies given the new paradigm adopted for the IAT (dual category based on race and not migrant origin).

Method

Participants

This study collected data from 31 bachelor students of psychology in May 2019. One single participant realized that the study was focused on analysing empathy towards migrants from African origin, and he was excluded from the sample. Most of the other participants understood that the individual workshops were an exercise in perspective taking (putting ourselves in the shoes of others), without any spontaneous mention of migration or skin colour.

Participants were mostly born in France (96.77%, n = 31) and were between 18 and 25 years old (Mean = 19.47, SD = 2.23). More than half of the 31 participants were female (67.75%).

Questions related to group identity moderators (migrant origin and attachment to France) were not mandatory and accounted for a lower number of responses. Less than half of respondents (42.86%, n = 14) declared they had migrant origins. In general, participants reported being attached to French culture (Mdn = 4.5, variance = 6.64 n=13). Most of the sample had low familiarity with XR technology with a median of 2 (n=44) on a 7-point Likert scale.

Materials

a. Stimuli

The stimulus presented in this experience was the same as in Study 3: the documentary of the Library of Ourselves called Yaya. We used the software developed by BeAnotherLab running on a laptop, a wireless standalone XR headset (Samsung S8 attached to a Samsung Gear XR headset) and headphones wired to the XR headset.

Users were instructed to mimic the movement of the character to activate visuomotor synchrony. A multisensorial experience with visuotactile synchrony was provided for all the participants by one highly trained guide (an intern of the lab) who used a laptop to follow audiovisual instructions. 

b. Measures

To explore the specific hypotheses of this correlational study, we adopted a smaller set of measures for Study 4 that comprised three main dimensions (group identity moderators, Experience Effects and Empathic Expressions) and were similar to Study 2, with adaptations and inclusion of new variables.

To evaluate eventual moderators of group identity, we used a series of ad-hoc questions described in Table III.4.1

Demographic measures of 'group identity'

Ad-hoc questions Attachment to French culture, French birth, and migrant origin are the variables used in Studies 2 and 3.

Table III.4.1: Measures of group identity

To evaluate the dimensions related to the effects of the experience (Goal A), we used a series of self-reported questions described in Table III.4.2:

Measures for efficiency: A1 experience effects

Ad-hoc and psychometrics questions

The evaluation of precision used the same ad-hoc question used in Studies 2 and 3. We used a 5point Likert scale of agreement with the affirmation that the visuotactile interactions were precise.

Regarding the variables of embodiment, we adopted the same psychometrics questions used in Study 3 related to Body Attribution, Self-Location, reversed agency and agency (control over the avatar); and included new dimensions related to agency (control over the movements). We also To evaluate the dimensions related to intergroup openness, we used a combination of standardized and ad-hoc questions and a cognitive task described in Table III.4.3:

included

Measures for efficiency: A.2. intergroup openness

Adapted psychometrics; and cognitive task

Intergroup proximity

Adapted psychometrics

We adopted the same measure as in Study 2, analysing intergroup proximity between "my group" and "Afro-descendants".

To reinforce the cover story, we also included two adaptations of the same questions addressing "my group" versus "group of feminists" and "psychology students". The IOS question which related to "psychology students" used a baseline of group overlap, since all participants were students of psychology.

Implicit Bias (IAT): cognitive task

Differently from previous studies, we adopted the French version of the dual-category IAT test [START_REF] Greenwald | Implicit social cognition: Attitudes, self-esteem, and stereotypes[END_REF] presenting images of the faces of individuals with white or dark skin colour. Categories were presented as "Caucasian" and "Afro-descendant", respectively. Two groups of adjectives (Good or Bad) were composed by the same words used in Studies 2 and 3. implicit bias is indicated by the IAT's d score, in which positive values stand for preference (positive bias) towards Afro-descendants and negative bias towards Caucasians; and negative scores stand for preference (positive bias) for Caucasians and negative bias towards Afro-descendants.

Table III.4.3: Measures of intergroup openness

To evaluate the dimensions related to empathy (Goal A), we used a set of ad-hoc questions described in Table III.4.4:

Measures for efficiency: A.3. empathic expressions

Ad-hoc questions and behavioural task

Self-reported empathy: since they were not the focus of this study, questions adopted to address empathic state or disposition were adapted to target Afro-descendants, feminists and psychology students to reduce the chances that the study was perceived to be specifically about Afro-descendants groups. These questions served to reinforce the cover-story only and were not analysed.

altruistic intention ad-hoc questions

Ad-hoc assessment of altruistic intention was similar to that used in Study 3. We first asked participants if they would like to help participants involved in the production of the documentaries by answering a brief and simple survey. We explained that two specific associations were making this request: an association in the 19th district of Paris that supports teenagers living in social housing and a feminist group working on education on the theme of gender equality. Participants were asked to say yes or no without being able to define a preference. If they agreed, they were then asked how much time they were willing to offer (from 5 to 20 minutes) and, finally, if they had any preference between the two associations.

altruistic behaviour:

ad-hoc measure Behavioural ad-hoc measure: engagement in helping others at personal cost (investing personal time to support outgroups) was assessed through an online survey sent one week after the intervention for all participants, regardless of whether they declared an intention to support or not. The survey was sent to the email given by participants with a message explaining it was a request from one association for teenagers in the 19 th district of Paris that supports teenagers living in social housing. The introductory message for the survey explained that this association was the only one, among those involved in the XR experiment that they took part in, that was still needing respondents. The message reinforced the voluntary aspect of the questionnaire and that participants were able to answer as many blocks as they wished. Moreover, it did not make any mention of the amount of time declared by the participant as altruistic intention after the intervention. The survey had four blocks, each one estimated to take 5 minutes to fill in. At the end of each block, participants were asked if they wanted to continue or not. If they accepted, another block was started.

The survey itself was not analysed. It used a compilation of questions from the comparative impact study of the European Social Survey (European Social Survey, 2013).

The assessment was coded through different variables, based on those used in the assessment of altruistic intention. First, by considering whether participants engaged or not in the task, we defined a binomial variable called Alt.Beh.0-1. Secondly, we computed the amount of time spent on the survey considering the estimated time stated in each block of the survey (5, 10, 15 or 20 minutes). This was coded in two different variables:

Alt.Beh.Time. 5-20, that The consistency between behaviour and intention was also coded through different variables. Through the variable Alt.Int. Beh.19th we calculated the differences in estimated time between intention and behaviour only among participants who declared a preference for supporting the association; and through the variable Alt.Int.Beh.Profile, the differences were calculated regardless of preference for a specific association. Values varied from -20 to 20 minutes: positive scores meant that participants engaged more than they declared;

negative scores meant that participants engaged less than they declared; and 0 meant that participants committed to the exact amount of time that they declared.

The estimation of minutes for behavioural tasks tended to be lower than the real amount of time needed to fill out those questionnaires by someone fluent in French. Even so, each section started by providing an estimation of time needed for it to be filled (5 minutes for each one of the four blocks). Consequently, participants who engaged in an estimated time higher than declared did not necessarily spend more time than they intended, but surely spent more time than was possibly expected from them.

Table III.4.4: Measures of empathic expressions

To evaluate the dimensions related to engagement (Goal B), we used a set of ad-hoc questions described in Table III.4.5.

Measures of 'engagement ':

standardized psychometrics and ad-hoc question Table III.4.5: Measures of engagement 4.3.3. Procedure Participants were invited to take part in a 45-minute individual workshop about Virtual Reality and cognitive sciences. On their arrival, they were informed about the procedure and signed a written informed consent form describing the procedures of the workshop, possible risks of XR technologies and of the voluntary aspect of the intervention (reinforcing that they were free to quit at any moment) and that all the data collected were anonymous. After signing the informed consent, they were invited to experience different contents in XR. To link different measures, participants used a code composed of their initials and birth date. To reinforce the cover story and to avoid biasing participants regarding the topic addressed (empathy towards Afrodescendant migrants in France) another different content was presented before the documentary on Yaya (available at [https://vimeo.com/digitalbertrand/FemalePerspective]). After the movies, participants were invited to answer a questionnaire followed by an Implicit Association test, both presented on a computer. Considering that participants were all students of psychology, to confirm the users were not biased regarding the measures, right after the questionnaire and right after the Implicit association test, they were asked about their understanding of the goal of the study through an open question integrated in the self-reported questionnaire.

Results

We analysed the quantitative results using the software JASP (version 0.13.0.0) and followed validated statistical guidelines [START_REF] Moore | Introduction to the practice of statistics[END_REF][START_REF] Sellke | Calibration of p values for testing precise null hypotheses[END_REF][START_REF] Whitlock | The analysis of biological data[END_REF][START_REF] Goss-Sampson | Statistical Analysis in JASP: A Guide for Students[END_REF]. Most of the variables were not normally distributed (Shapiro-Wilk p < .05), and for a homogeneous analysis we adopted nonparametric tests for all variables. Tests of assumption checks can be found in the appendix "Statistics". To have an overview of the results collected after the intervention, before exploring our hypothesis we interpreted descriptive statistics considering positive, neutral, or negative median scores (e.g.: agreements or disagreements with affirmations in the questions such as embodiment) in comparison to theoretical median scores. We also reported the percentage of participants with positive or negative answers to binomial variables (e.g.: altruistic intention, altruistic behaviour, negative bias above moderate). Eventual comparisons with previous studies were performed through a one-sample Wilcoxon signed rank test and, to avoid overestimations, we considered significant differences when p < .01 for non-parametric one-sample tests in those case. To indicate statistical tendencies we also reported effect sizes when there was a significant difference (p < .01). Effect sizes for the one-sample test were determined through matched rank biserial correlation (rb) and were considered when they had a moderate (rb > 0.3) or strong effect (rb > 0.5). For comparisons with Study 2 of binomial variables or percentage of participants with a given pattern (like moderate negative bias), we used a Chi Squared analysis for binomial variables and significant differences were considered when p < .05. After this, we performed a correlation analysis to investigate our hypotheses. This was done through the non-parametric Spearman's rho score (rs), reporting only significant correlations (p < .05) with medium (rs > 0.3) and strong effect (rs > 0.5). To further investigate our hypothesis related to altruistic behaviour (H4 and H5), we also performed a binary logistic regression to observe the best predictive models by considering as outcomes two different factors: engaging or not with the altruistic task, and engaging or not with the maximum amount of time possible in the altruistic behaviour task. In both cases, we first included all variables correlated to these outcomes as factors through a stepwise data entry method. Only the factors of the best model with goodness of fit (higher McFadden R2 index considered only in a range between 0.2 and 0.4) were selected to perform the same regression but with an enter data entry method, for which we reported X2 statistics, as well as McFadden R2, sensitivity, specificity and precision. , ranging from 1 to 7) than Study 3 (Mdn = 5, ranging from 2 to 7). Statistics must be interpreted with caution since the two populations are not comparable, but they suggest that the higher precision did not have a strong impact on higher embodiment. Future studies are required to confirm this hypothesis when by comparing two populations with different conditions in terms of the level of accuracy of the guides. But in this study, we also used questions related to feminism and psychology students to create a more consistent cover story. Using data from these questions, we can see that the medians for subjective proximity to Afro-descendants (Mdn = 4, range 1 to7, variance = 3.458) had no significant difference when compared to subjective proximity to psychology students (Mdn=5, range 1 to 7, variance = 3.813). The results from the Pairwise Wilcoxon test (V = 165.50, p = .636, Match Rank Biserial Correlation = -0.108; N= 31) show that the group overlap for participants with Afro-descendants was not different from the group overlap for those participants (all of them students of psychology) with students of psychology. We can interpret these results by affirming that participants declared they felt proximal to Afro-descendants.

A2. Intergroup openness

Implicit bias

Median scores for implicit biases were -0.33, ranging from -1.093 to 1.097 with a variance of As expected, Study 4 had a significantly higher percentage of participants with strong or negative bias than Study 3. This difference was confirmed by Chi Squared analysis based on a contingency table comparing the percentage of individuals with moderate negative bias between studies (X2(1) = 6.416, p = .011, N = 71); and also those with strong negative bias: X2(1) = 16.796, p < .001, N = 71. 

Descriptive statistics of Implicit Bias variables

Descriptive Statistics of altruism Variables

B1. Engagement (emotion and attention)

The descriptive statistics, reported in Table III over the avatar and agency over movements), while agency over the avatar is independent from agency over avatar's movements.

Correlation analysis revealed that higher body attribution demonstrated significant correlations to all aspects of agency (reversed agency, agency over movements and agency over avatar) as indicated in the Table III.4.10. Between these three different aspects of agency, only reversed agency and agency over the avatar had a significant (p<.05) correlation, which had a moderate effect: rs = 0.47, p = 0.007. The lack of correlation between agency over avatar and over avatar´s body movements (p = .09) suggest agency over avatar may have been interpreted by participants as agency over the head movements.

Spearman's correlation for H.1. • Test of hypothesis H.2 In a pre-recorded XR Body Swap, the feelings of passive and active touch are strongly correlated with higher body ownership, and moderately correlated to the perception of tactile precision.

As indicated in the Table III.4.11, higher body attribution demonstrated significant correlations of strong effect to active touch of moderate effect to precision and passive touch. The relation between precision and touch was only significant with a moderate effect when considering active tactile interaction.

Test of hypotheses related to (A.3.) empathic expressions

• Test of hypothesis H.4.: A higher tendency for altruism towards an outgroup is related to higher embodiment after the XR Body Swap experience.

Confirming our fourth hypothesis, we observed that higher embodiment was correlated with higher altruistic intention and behaviour.

Higher perception of body attribution demonstrated to have a strong correlation to declaring intention (rs = 0.53, p = .002) and higher agency over avatar and over movement a moderate correlation (rs = 0.45, p = .001; rs = 0.47, p = .007). A positive relation was also observed in terms of the amount of time offered. Higher body attribution and self-location had strong correlations to the general amount of time offered as altruistic intention (rs = 0.53, p = .002; rs = 0.50, p = .004) and moderate correlation to the tendency to offer the maximum amount of time possible (rs = 0.46, p = .009; rs = 0.40, p = .024);

Regarding behaviour, the dimensions of body attribution and active touch accounted for moderate and strong correlations for engaging into altruistic behaviour (rs = 0.36, p = .049; 0.52, p = .003), and spending more time in the task (rs = 0.37, p = 0.043; rs = 0.5, p = 0.004) and moderate correlations to spending the maximum amount of time in the altruistic task (rs = 0.36, p = .049; rs = 0.44, p = .014).

• Test of hypothesis H.5.: Altruistic intention can predict altruistic behaviour.

In order to analyze this hypothesis, we started by performing a series of correlations considering different angles of altruistic intention and behaviour. While we are aware that his may inflate the error of false positives under an α value of 0.05, this choice has prioritized avoiding false negatives. The analysis suggested that declaring altruistic intention was correlated with a moderate effect with engaging in altruistic behaviour (rs = 0.48, p = .006) and with high altruistic behaviour (rs = 0.40, p = 0.027). This correlation is explained by the fact that none of the participants who did not declare altruistic intention engaged in the behavioural task. Among all of the participants, the amount of time declared did not correlate to engaging or not in altruistic behaviour (rs = 0.27, p = 0.148), and had a moderate effect on committing less than proposed Alt. ) rs = -0.44, p = .026). Even so, it was correlated with a moderate effect with high altruistic intention (maximum amount of time declared: rs = 0.41, p = .023) and with the general amount of time spent on this engagement (rs = 0.36, p = .049). These correlations indicate a moderate effect tendency that the higher the commitment declared could lead to a higher time spent and maximum altruistic behaviour, but also to spending less time than declared in the altruistic task. Moreover, declaring high altruistic motives (maximum amount of time offered) was not correlated with engaging or not in altruistic behaviour (rs = .30, p = .105), nor with time spent on the altruistic task (rs = 0.34, p = 0.058), and had only a moderate effect correlation with maximum amount engaged (rs = 0.36, p = 0.046). These results suggested that altruistic intention or the time spent does not have any strong correlations to altruistic behaviour or high altruistic behaviour, which makes it a questionable indicator of altruism.

To further explore this finding, we performed a logistic regression considering the maximum engagement in the altruistic task (Alt.Beh.Max) as the outcome.

In order to analyse if altruistic intention alone could predict altruistic behaviour, we performed a logistic regression with stepwise data entry considering the variables of altruistic intention as predictors: committing or not (Alt.Int.0-1), amount of time (Alt.Int.Time0-20), and committing to the maximum amount of time (Alt.Int.Max). Among those, the best predictor of participants who completed the whole altruistic task (Alt.Beh.Max) was the combination of declaring altruistic intention (Alt.Int.0-1) and committing to the maximum amount of time (Alt.Int.Max).

Even so, the model could only predict 21% of the cases in which participants completed the whole altruistic task. x2(28) = 10.48, p = .004, McFadden R2 = 0.254, sensitivity = 0.214, specificity = 1.0, precision = 1.0. We used the same type of analysis to observe if intention could predict altruistic behaviour regardless of the time spent (AltBeh.0-1). The best predictor was altruistic Intention (Alt.Int.0-1) that correctly predicted all participants who responded to the altruistic task, being precise in 65% of its predictions: x2 (29) = 9.143, p = .002, McFadden R2 = .214, sensitivity = 1.00, specificity = 0.36, precision = 0.65.

In order to find a better predicting model (especially for high altruistic behaviour), we performed a logistic regression with Alt.Beh. Max as outcome and through a stepwise data entry we included all variables that had moderate or strong correlations to the outcome as s covariates.

The regression indicated that the best model had the variables Emb.Active.Touch (feeling of active touch during the XR Body Swap) and Part.of.Story as the best predictors. Then, we set the data-entry point method to the mode enter, considering these two covariates. This model correctly predicted 71% of cases of maximum altruistic behaviour: X2(28) = 11.435, p = .003;

McFadden R2 = 0.268; sensitivity = 0.71; specificity = 0.76, precision = 0.60.

Active touch was also observed to be the best predictor of engaging or not in altruistic behaviour regardless of the time spent (Alt.Beh 0-1). The higher the feeling of touch, the higher the probability of engaging in altruistic behaviour. The model was assertive in 73% of its predictions for altruism. It correctly classified 65% of cases of altruistic behaviour and 71% of cases of no altruistic behaviour: X2(29) = 10.922, p < .001, McFadden R2 = 0.256, sensitivity = .65, specificity = .71, precision = 0.733.

To check if group identity could be considered a confounding factor for altruistic intention or behaviour, we checked for the correlations of Brith.Place, Migrant.Origin and Attachment.to.France to empathic expressions. Analysis showed that participants born in France were more likely to declare altruistic intention (rs = 0.416, p = .020), while a higher attachment to France was correlated with engaging for the maximum amount of time in the altruistic task (rs = 0.57, p = .043). Even though, we highlight that the number of participants born out of France was exceptionally low (n= 3), and that only 13 participants responded to the question related to attachment to French culture.

Test of hypotheses related to (B) engagement

• Test of H.6.: Higher engagement towards the experience is enhanced by higher embodiment and plays an important role in inducing higher empathic states.

Results confirmed that engagement is consistently correlated to embodiment and indeed affects both: intergroup openness and empathic expressions.

Correlation analysis confirmed a link between engagement and different variables of embodiment. As described in the Table III.4.12, many significant moderate correlations were observed between higher perception of embodiment and higher feeling of being part of the story as well as higher arousal Regarding intergroup openness, we observed that higher engagement (feeling part of the story)

Spearman's Correlations between experience and engagement

was significantly correlated to higher proximity (with a strong effect, rs = 0.52, p = .002) and to lower implicit bias (with a moderate effect, rs = 0.48, p = .007).

Regarding empathic expressions, Study 4 suggested that engagement is correlated to both: altruistic intention and behaviour. The declaration of altruistic intention was correlated with moderate effect with higher arousal (rs = 0.418, p = .019). A higher feeling of being part of the story was correlated with a moderate effect with a higher amount of time declared (rs = 0.44, p = .014) and with the tendency to spend the maximum amount of time possible in the altruistic task (rs = 0.38, p = .036).

Taken together, results suggest that engagement can play an important role in promoting empathic capacities, also reinforcing the consistent link between engagement and embodiment.

A note on group identity moderators

To check if group identity moderators would act as a confounding factor, we also checked for possible correlations of migrant origin and attachment to France the dimensions of embodiment, intergroup openness, empathic expressions, and engagement. We found that migrant origin accounted for a strong effect tendency of lower negative bias (rs = 0.54, p = .048), and that a higher attachment to France was correlated with engaging for the maximum amount of time in the altruistic task (rs = 0.57, p = .043).

Highlights of Study 4

Highlights of Study 4

Problem related to empathy Intergroup empathy towards Afro-descendant migrants.

Problem related to embodiment

Scalable (low resources) pre-recorded Body Swap.

Main Focus

Investigate correlations of embodiment; intergroup empathy states; altruistic behaviour; and engagement after a scalable Body Swap intervention.

Intervention format

Workshop for individuals.

Content

Documentary with first-person perspective of one Afro-descendent migrant living in Paris

Body Swap stimuli at visceral body level

Visuomotor reversed agency of body, visuomotor head agency, passive and active visuotactile stimuli.

Body Swap stimuli at a conceptual level

Intergroup swap, proteus effect of compassionate avatar, intergroup contact with an individual with disadvantaged condition.

Experimental design method

Correlational study with nonparametric methods, and logistics regression.

Knowledge created

Positive correlation of higher embodiment with altruistic behaviour, proximity and higher engagement. Positive correlation of higher engagement and higher intergroup openness.

Low power of altruistic intention in predicting altruistic behaviour.

Primary practical contribution

Study adopted a new assessment of altruistic behaviour related to the experience that can be further adapted for the context of classroom settings.

Table III.4.13: Highlights of Study 4

Discussion of results from Study 4

In this section, we discuss the main findings of this correlational study, conducted in a controlled environment away from the influence of teachers, peers, or experimenters related to the outgroup. We will highlight the positive effect of the intervention tested for inducing embodiment, engagement and through that contributing to empathic expressions and intergroup openness. To do this, we will address each one of the two main goals addressed in this study 

A1. Experience effects: embodiment

We observed that the stimulus was responsible for positive levels of embodiment illusion, except for the variables related to active agency (control over the avatar and control over body movements). The results are in line with our previous studies that showed that the interaction could effectively produce embodiment illusion. Agency (related to control over the avatar) was not correlated to agency over the movements of the avatar, for which participants demonstrated a clear disagreement, as we expected. Like in Study 3, higher reversed agency was related to higher agency over the avatar. We also observed its correlation with strong effect to higher body attribution (that was not observed in Study 3). The results suggest that the dynamic of reversed agency can indeed enhance the illusion of embodiment. Taken together, the findings confirm our first hypothesis related to Experience effects (A.1.): H.1. Regarding embodiment, in a prerecorded XR Body Swap, higher body attribution is correlated to all aspects of agency (reversed agency, agency over the avatar and agency over movements), while agency over the avatar is independent from agency over avatar's movements. Even so, the strong correlation of body attribution with the variables of agency over the avatar and avatar's movements allows us to infer that if the system provided agency over the avatar it would likely generate stronger illusions.

We also observed that body attribution demonstrated a stronger correlation with active touch (in which participants feel their hands touching virtual objects) than passive touch (in which participants feel their virtual body being touched by objects). Findings suggest that the visuomotor synchrony combined with touch (in the case of active touch) played an important role in enhancing the body ownership illusion compared to a tactile stimulus caused by an object. The interventions that were conducted by a highly trained assistant were revealed to produce positive effects in terms of the perception of precision. The median for the XR group was the maximum (5 on a 5-point Likert Scale) with a small variance, while there was moderate correlation of precision with body attribution and active touch. If we compare the results to those of Study 3 that used the same stimuliwhich has to be done with the parsimony that the populations were different -, there was insignificant difference in the perception of precision, although the accuracy of physical interaction provided was drastically different. Still under the parsimony of the comparison between different studies with a different population, in Study 4

we observed a strong statistical tendency towards lower perception of body attribution when compared to the Study 3. Although both populations had important age differences, together with the findings from Studies 2 and 3, comparisons support the suggestion that physical interaction does not need to be extremely accurate to induce body ownership illusion. Taken together, the results confirm our second hypothesis related to A1. Experience effects: H.2.: In a pre-recorded XR Body Swap, the feelings of passive and active touch are strongly correlated with higher body ownership, and moderately correlated to the perception of tactile precision.

A2. Intergroup openness: implicit bias and proximity

In line with our expectations, the use of the dual-category IAT did not present a ceiling effect of intergroup openness such as the one observed in previous studies. Even so, we must consider that the lower percentage of individuals of migrant origin may have influenced these to some degree.

We discussed in Study 3, based on a correlation observed among very few participants who demonstrated higher negative biases, that it was possible that the content presented (the movie Yaya) accounted for enhanced negative biases. Study 4 has refuted this possibility. Even with a significantly higher number of participants with negative bias (n=14 participants with negative bias above a moderate level and 78% of them with a negative bias above a strong level) we did not observe any correlation between higher embodiment and moderate or strong negative bias.

Embodiment variables were not seen to be directly correlated with implicit bias even when looking at the overall sample. On the other hand, higher embodiment was seen to correlate to higher proximity. Moreover, higher embodiment and lower negative bias were observed to vary in the same direction as higher proximity and higher feeling of being part of the story, which were both correlated to lower negative bias.

Taken together, the results confirmed partially our third hypothesis related to intergroup openness. H.3. Higher scores in experience effects are correlated to higher intergroup openness (implicit bias and proximity). Embodiment was seen to impact proximity, and it did not exert a negative influence on implicit bias (as hypothesised in the discussion of Study 3), and in fact, correlated with higher subjective proximity was correlated with lower implicit bias.

A3. Empathic expressions: altruism

Like in the previous studies, most participants (83.87%) declared altruistic intention which created a ceiling effect for the Yes/No dimension, but not for the dimension of time offered: only 9.68% declared high altruistic motives (maximum amount of time offered). Even so, the rate of maximum amount of time engaged in for the altruistic behaviour task was considerably high: 45.16% of the whole sample. This result indicates that, as in Study 3, for most of the subjects there was a declared intention to provide help but once asked to commit to a specific amount of time, the motivation was not necessarily high. Moreover, there was no strong correlations between altruistic intention and behaviour. In fact, logistic regression showed that neither declaring support nor declaring to commit more time were reliable predictors of altruistic behaviour with high motives, refuting our hypothesis H.5. Altruistic intention can predict altruistic behaviour.

The results suggest that the measures of altruistic intention implemented in Studies 2 and 3 cannot be used to determine altruistic behaviour, but can perhaps be used to observe the intention to commit to social or personal egalitarian goals. Further research should confirm their relation to these two motivations as well as to social desirability bias.

Regarding the relationship between altruistic behaviour and embodiment, the findings suggested that prosocial behaviour is correlated positively to experience effects. As described, a higher tendency of high altruistic behaviour is correlated to higher scores for embodiment (Body Attribution, Active Touch) and engagement (feeling part of the story) with moderate effect. Furthermore, logistic regression indicated that a feeling of active touch and feeling part of the story were the best predictors for maximum amount of time spent on the altruistic task.

The results confirm our hypothesis H.4. Higher altruism towards an outgroup is related to higher embodiment after an XR Body Swap experience. The results are also in line with the scientific literature [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF] that demonstrates how XR body Swap, in which subjects enter the perspective of a character under negative circumstances, can stimulate prosocial behaviour.

B. Engagement

As in Studies 2 and 3, we observed a clear correlation between higher embodiment and higher engagement. Moreover, higher attention (in this case, feeling part of the story) was observed to impact higher intergroup openness (higher group proximity and lower implicit bias) and altruism (higher amount of time offered as intention and higher tendency to commit to the maximum amount of time possible for the altruistic task). Taken together, the results reaffirm the findings from previous studies and confirm our hypothesis H.6. Higher engagement towards the experience is enhanced by higher embodiment and plays an important role in inducing higher empathic states.

Notes about group identity

Contrary to the findings from Study 3, migrant-origin and higher attachment to French culture were demonstrated to have positive effects on intergroup empathy in this study. In Study 3, migrant origin was correlated to lower self-reported empathy and altruistic intention, while higher attachment to France was correlated with lower altruistic intention and higher negative bias towards migrants. In Study 4, in which we addressed negative bias towards race; participants who were not of migrant origin demonstrated higher negative bias. In the meantime, participants born in France were more likely to declare altruistic intention, and higher attachment to French culture influenced higher altruistic behaviour. We highlight that these three factors of group identity were not correlated (migrant origin, French birth, attachment to France). Moreover, the sample size of participants who responded to these questions was rather small, which does not offer us robust evidence to infer general conclusions.

Conclusions of Study 4

We have presented the findings from Study 4 addressing the correlation of different dependent variables adopted in Studies 2 and 3, under a controlled environment that aimed to reduce external interferences (presence of teachers and peers) and intergroup contact caused by research assistants conducting the interventions. Even so, participants in Study 4 (university students of psychology with a low percentage of migrant origin) had a quite different profile from those in Studies 2 and 3 (mid-high school students with a high percentage of migrant origin) and the inferences from the findings of Study 4 should be verified with a population similar to the one in Studies 2 and 3.

Among the main findings, we highlight evidence related to embodiment, precision, implicit bias, and altruism. Regarding embodiment, the findings suggest that reversed agency mode plays an important role in low-resources multisensory Body Swaps that do not offer agency over the body movements and can indeed be used to assess the efficiency of the illusion, while a lack of agency over the body could be responsible for reducing the strength of these illusions.

We also extended previous findings related to the role of touch, demonstrating that both active and passive touch plays an important role in these systems to enhance embodiment, and that highly precise visuotactile interactions do not provoke drastic improvements in this illusion.

Moreover, the feeling of touch was demonstrated to have an important impact on altruism, reinforcing the importance of this type of stimulus for XR Body Swap systems. We also demonstrated that the feeling of embodiment in these interventions is related to higher engagement, and that both embodiment and engagement were related to higher altruistic behaviour, higher subjective proximity, and that engagement was correlated to lower implicit bias. We also discussed that declaring altruistic intention or high altruistic motives should not be used as a reliable predictor of altruistic behaviour, and that its relation to social and personal egalitarian goals should be further investigated.

Taken together, findings of this study suggest that low-resources multisensory XR Body Swap can indeed be used to engage participants and induce higher altruism and lower negative bias, such as is observed in studies using high-end XR Body Swap systems [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF][START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF]. Even so, these results were generated in a more controlled environment with an older audience than studies 2 and 3.

Therefore ,future research with assessments of altruistic behaviour and implicit bias targeting a more salient category are needed to further investigate the replicability of these findings among a younger audience in an educational context.

Part IV.

General Discussion

The potential use of XR Body Swap as a pedagogical tool

We have seen in the literature review in Chapter I (Interdisciplinary framework) that XR Body Swaps affect people's consciousness of the self and others and their social interaction, and can enhance altruistic behaviour and affect automatic behaviour. We have discussed how XR Body Swap interventions can be used as a powerful tool for social emotional learning given their visceral perspective-taking nature, and the possible adoption of design strategies such as intergroup body swap and simulation of proteus effect through compassionate avatars.

Furthermore, we have highlighted that those interventions could benefit from environmental factors adopted by pedagogies and training for empathy, for example: building a safe environment, planning long-term learning, promoting reflexive thinking and a collaborative environment, offering a ludic perspective-taking task. In Chapter II (Problematics), we defined our design-based research approach aiming to answer our main research question: "How do scalable XR Body Swaps affect intergroup empathic abilities among students in public educational settings?". To address this question, we defined three main goals of our research that evolved throughout the enactments of our research. They consisted of analysing the (A) efficiency of XR Body Swap in terms of inducing (A.1.) embodiment, (A.2.) intergroup and (A.3.) empathy expressions; analysing the (B.) engagement of students with the topic of empathy by observing their emotional state (B.1.) and attention (B.2.); and finally exploring different formats of intervention aiming to ground conclusions based on the feasibility (C) of the implementation of these systems in educational environments. Especially after the first enactment, instead of observing general empathic dispositions, we decided to address one specific context that can block empathic responses: intergroup empathy. Furthermore, our interest was in observing empathic states affected by the experience itself (i.e.: interpersonal empathy or empathy targeted to refugees/migrants), rather than general disposition. Finally, we chose an intergroup context that is considered an important social issue in Western Europe countries:

empathy towards migrants and refugees [START_REF] Mclaren | Anti-Immigrant Prejudice in Europe: Contact, Threat Perception, and Preferences for the Exclusion of Migrants[END_REF]. The choice of a scalable XR Body Swap stimulus to address these goals was a fundamental part of the process of our research.

Initially, we explored how low-resources multisensory stimuli could be implemented to create Body Swap illusions (Roel Lesur et al., 2018). Then, we evaluated the feasibility of two different formats of low resources multisensory stimuli that could be adopted, aiming for high scalability (a real time two-way body swap, and pre-recorded body swaps with reversed agency). In Chapter IV (Empirical studies), we presented results from four experiments performed during one artistic intervention and three workshops in different educational settings to observe the effects of low-resources XR Body Swaps with a large potential for scalability.

This series of enactments conducted using a design-based approach evolved through time in adaptations that made us adopt different stimuli, experimental designs, formats of intervention and evaluation methods. Before discussing the results, we synthesize the findings of each study in the following subsection.

Summary of findings for each study

In this section we start by summarizing the contributions of each enactment in Table IV.1.1 and describe further the main findings of each study in the following subsections. Table IV.1.1: Summary of main contributions of each enactment

Summary of main contributions of each enactment

Summary of findings: Study 1

In Study 1, we adopted a two-way real-time XR Body Swap system that allowed pairs of participants to swap bodies in an alternated agency mode. It was presented to adults who were acquaintances in an arts centre and had no control group.

Taken together, the results mostly confirmed our main hypothesis that "after swapping bodies with a familiar individual in XR, reports of stronger illusions in different dimensions of embodiment (a) are correlated with higher empathy (b) and higher engagement (c) regardless of participants' profile (d)."

Regarding embodiment, the results indicated correlations between all the variables of embodiment (body attribution, self-location, agency) and between embodiment and out-of-body (when participants were facing each other while having a swapped perspective), which confirmed our first operational hypothesis (O.H.1.). Moreover, individuals who adopted a balanced alternated agency (following the rules suggested by the system) had a higher feeling of self-location and agency (confirming operational hypothesis O.H.2.) and a higher tendency to report the feeling of shared agency in which they could not differentiate who initiated and who followed the gestures (confirming operational hypothesis O.H.3.).

Regarding the empathy phenomena, we observed that the perception of embodiment induced by the system was correlated with higher affective empathy (confirming our operational hypothesis O.H.5.), but it was not correlated with cognitive empathy (refuting our operational hypothesis O.H.4). Moreover, the intervention led participants to declare a higher self-other distinction, instead of higher self-other overlap as expected (hypothesis O.H.5). Even so, we concluded that the higher self-other distinction was not related to behaving in a way which was less physically close, since participants tended to stand closer to each other after the intervention or at least to stay in the range of an intimate interpersonal distance. Indeed, higher self-other distinction was correlated to higher affective empathy, which led us to conclude that these results were actually in line with the item (b) of our main hypothesis. Although we did observe a higher interpersonal closeness after the intervention as predicted, there was no significant correlation between the intensity of body illusions and the change in the interpersonal distance, so these results did not confirm entirely this operational hypothesis O.H.7.

Finally, we confirmed our operational hypothesis O.H.8 related to engagement, which was accessed by the enjoyability of the experience and the emotional state generated by it. While enjoyability was demonstrated to be correlated with all the dimensions of embodiment, the with embodiment variables. But participants exposed to the video demonstrated higher intergroup proximity, which only showed a nearly significant correlation (0.01 < p < 0.02) corelation to other the amount of time offered among those who declared altruistic intention.

Regarding empathy states, when compared to the No-Stimuli group, both interventions were demonstrated to induce higher cognitive empathy, and XR Body Swap accounted for lower affective empathy. The differences in self-reported empathy were discussed as being related to the lack of context in the No-stimuli group (they did not have the stimulus of the movie with the perspective of the refugee character like the test and control groups; besides the fact that the refugee presented in the documentary was in a more privileged social condition than many Syrian refugees seen on the streets and metros of Paris). Regarding altruistic intention, while all the participants in the three groups agreed with supporting refugeeswhich was hypothesized to be influenced by social desirability biasonly the video intervention demonstrated a small effect whereby participants agreed to commit to helping a cause with a larger amount of time than the No-stimuli group. The XR Body Swap accounted for higher engagement (assessed through emotional state and attention), which was correlated to higher embodiment and higher self-reported empathy. Although arousal was higher in the XR group, it had a median close to the theoretical median, suggesting moderate intensity of emotions which is an optimal emotional state for empathy learning.

Taken together, the results confirmed our specific hypothesis related to the efficiency of the system in inducing embodiment (A.H.1.) and engagement (B.H.1.). Our hypothesis related to intergroup openness (A.H.2.) was partially confirmed since, when compared to the No-Stimuli Group, a significantly higher positive bias was observed among the XR group participants, and significantly higher intergroup proximity was observed among the Video participants. We could not confirm our hypothesis related to self-reported empathy (A.H.3.) since there was no significant difference between the control and test groups. Even so, when compared to the Nostimuli group, we observed a significant difference with a small effect size indicating a higher amount of time offered among the Video group participants, which contradicted our hypothesis.

Even so, although participants of test and control groups were randomly assigned, most of the data (except for the measure of IAT) was not normally distributed, and therefore the lack of a pre-test to assess a baseline of participants from test and control groups should not be ignored.

Future studies with the same content and population would be recommended to confirm these findings.

Summary of findings: Study 3

Study 3 was presented in a public library hosting visits of a school with their teachers. We adopted the same pre-recorded XR Body Swap system from Study 2, but instead of using trained guides, students themselves performed the tactile interactions, which we observed to be done with considerable inaccuracy. Aiming for a higher salience of group distinction than in the first groupwhere we noticed an overall ceiling effect of the intergroup openness -Study 3 presented a different documentary, with the narrative of a young migrant from Ivory Coast. The content still explored the strategies of intergroup body swap, positive intergroup contact, and the proteus effect of a compassionate avatar. To demonstrate more explicitly the social disadvantage of the character, this content may not have been strong in presenting counterstereotypical information such as that used in Study 2. It does show how the character works hard in trying to study and learn, but the lack of support and opportunities encountered by him, as well as the situations of racism faced by him were in line with the general idea of a disadvantaged group. Differently from the previous study, the assessment was done among subjects who were exposed to both conditions. In this randomized within subject experimental design, all participants were exposed to both conditions, in a counterbalanced order. Test condition presented the documentary through XR Body Swap, with students themselves performing as guides. Control condition presented the documentary through a 2d screen of a computer right after a guided visited to the library.

In this study we observed that the experience induced positive agreements with statements related to embodiment; showing a tendency towards significantly lower perception of precision and touch but no differences in terms of the perception of body attribution when compared to the medians of the study 2.

Considering the overall descriptive statistics, the results related to intergroup openness indicated an expressive ceiling effect with no differences between conditions. Even so, we noticed that individuals with higher negative bias also reported high embodiment states, which raised the question about whether the specific content presented could be the cause of those biases, or simply whether people with higher bias could also feel higher embodiment. Median scores for subjective proximity were exceedingly high and there was no significant difference in the level of implicit biases when compared with Study 2.

Comparisons between the XR and Video conditions indicated that cognitive empathy and desire to help the character was significantly higher after XR; and there was a statistical tendency towards higher empathic concern towards the group after the XR condition. There were no significant differences between conditions regarding altruistic intention and the amount of time committed. In fact, while the general altruistic intention was high, the amount of time committed was close to the minimum, raising doubts about the validity of this assessment of altruistic intention to determine altruistic behaviour.

Regarding engagement, the XR condition was demonstrated to lead to higher interest, feeling part of the story, pleasure, and arousal than the Video condition.

Taken together, the results confirmed our first hypothesis related to embodiment (A.H.1.), as well as our hypothesis related to higher self-reported empathy towards the character (A.H.4) and higher engagement (B.H.1.); but not that related to the higher saliency of negative bias after exposure to the story of a less privileged group (AH.2.), nor to differences in intergroup openness (A.H.3).

Summary of findings: Study 4

Study 4 consisted of a correlational experiment that aimed to further investigate our hypotheses related to positive interactions between embodiment, intergroup openness, empathic expressions, and engagement. Furthermore, we wanted to understand if the assessment we used for altruistic intention in Studies 2 and 3 could be used as a reliable predictor of altruistic behaviour.

Study 4 also aimed to eliminate possible interferences from peers, research assistants related to outgroups, and inconsistencies in the level of precision of the interaction. To achieve this, we implemented individual workshops conducted by one single highly trained research assistant with no association with the character in the stimuli. This study was implemented among university students, therefore with a fairly different age-range and context. In that sense, inferences expanding its findings to the adolescent population can should be considered with caution and require further confirmation. To avoid ceiling effects of intergroup openness, we also adopted a different stimulus for assessing bias, targeting a category related to physical traits, rather than the migrant category.

Results confirmed both of our hypotheses related to embodiment: (H.1.) indicating that embodiment under this type of pre-recorded system is indeed related to the perception of reversed agency and that agency over the avatar and avatar movements were unrelated; (H.2.)

passive and active touch were strongly correlated with higher embodiment, while precision had only a moderate correlation to embodiment and touch.

Regarding intergroup openness, while the new assessment of implicit bias did not show any ceiling effect, we only partially confirmed our hypothesis (H3.) showing a correlation between embodiment and proximity, but no direct correlation between embodiment and implicit bias.

Even so, it served to indicate that the correlation between higher bias and higher embodiment in a very small number of the sample of study 3 meant that this implicit bias was probably not caused by embodiment per se (a more reliable confirmation should consider an experiment with a similar adolescent population). Moreover, results suggested that higher embodiment and lower implicit bias demonstrated variations in the same direction: both were correlated to higher proximity and higher engagement. These results are in line with our general expectation that XR Body Swap can contribute to higher intergroup openness.

Results also indicated a correlation between embodiment and altruistic behaviour, confirming our hypothesis (H.4.) and suggesting benefiting effects of the intervention. Moreover, the correlation analysis refuted our hypothesis (H.5.) that altruistic intention was a reliable predictor of altruistic behaviour, which led us to conclude that future studies should aim to directly assess behaviour rather than self-reported altruism.

Finally, we also confirmed our hypothesis (H.6.) showing that embodiment led to higher engagement, which was, in fact, an important factor related to higher intergroup openness and higher empathic expressions.

Discussion of findings related to realtime Body Swap's effects among familiar individuals

In Study 1, we tested one type of stimuli (the two-way body swap), that required the presence of two participants in the same place, while we observed dispositional and interpersonal empathy, aside from engagement and embodiment. This correlational study was an initial exploration in our research. It had two specific goals: to observe the feasibility of the system implementation in a context with its own restrictions and limitations (Biennial of digital arts in Paris); and to analyse possible correlations among embodiment, empathy disposition, subjective and objective distance, and engagement after an XR Body Swap intervention for dyads. The limitation of the context was that it did not offer the chance to undertake the intervention with unknown or outgroup individuals, and, in fact, the study did not address intergroup empathy, but interpersonal proximityan empathy-related phenomenon [START_REF] Chartrand | The chameleon effect: the perception-behavior link and social interaction[END_REF])between two familiar individuals.

This study also explored a unique interaction mode in a Body Swap system in which agency over head and body movements is alternated between participants while their first-person perspective is swapped, and a dyad of guides perform a choreography to provide synchronous tactile stimuli. At the end of the intervention, participants face each other and shake hands, seeing the image of the real body in front of them.

The experience suggested to induce both embodiment and out of body illusion; besides that, embodiment was also correlated to higher engagement and an emotional state that favours learning and critical thinking [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF]. Furthermore, we noticed that pairs of participants who alternated between leading and following gestures tended to report the feeling of shared agency (in which they felt that neither or both of them were leading and following at the same time). This interactive mode was also seen to affect positively higher perception of agency and self-location.

Regarding empathy expressions, the settings of the artistic venue favoured a situation in which dyads of participants were acquaintances which did not allow us to explore intergroup empathy relations. At the same time, a ceiling effect due to the familiarity between individuals and a general intimate interpersonal distance before intervention did not offer ideal conditions to observe effects related to proxemics. Even so, our measures of physical distance made clear that participants did not tend to stand further apart. In fact, looking only at the dyads which stood further than what was considered an intimate distance before the intervention, participants tended to stand significantly closer to each other after swapping bodies. Even so, there was no clear correlation between embodiment and physical proximity, for which we argued that could be related to the intimacy of the pairs, and a possible ceiling effect. Further research in this domain should consider observing interpersonal distance after XR Body Swap between pairs of individuals that are unfamiliar to each other.

On the other hand, it was possible to observe a significant difference in subjective distance between pre and post interventions, which were indeed correlated to embodiment. The results revealed that after swapping bodies, participants felt a reduced self-other overlap, which contradicted our initial expectation. We argued that in the context implemented, the IOS scale may have been interpreted by participants as self-other merging rather than feeling and/or behaving close such as the measure originally proposed [START_REF] Aron | Inclusion of Other in the Self Scale and the structure of interpersonal closeness[END_REF]. This argument was based on: (1) the fact that the stimuli primed the idea of self-other merging (participants swapped perspectives under multi sensorimotor stimuli, and also merged their movements); (2) participants did not behave as being less close than before the intervention;

(3) the decreased self-other overlap was predicted by affective empathy, which itself is characterized by feeling isomorphic vicarious emotions with a clear self-other distinction (de Vignemont and Singer, 2006;[START_REF] Decety | From emotion resonance to empathic understanding: a social developmental neuroscience account[END_REF][START_REF] Singer | The social neuroscience of empathy[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF].

Regarding self-reported empathy dispositions, on the one hand, higher affective empathy disposition was correlated with higher scores for embodiment. On the other hand, there was no correlation between the embodiment effects for this immersive perspective taking stimuli and a general perspective taking disposition. This result led us to conclude that, in future studies, cognitive empathy should be assessed by taking into consideration the context of the intervention (i.e.: the individual or group that is being embodied by the participant, and the empathic state, rather than a general disposition).

Taken together, the findings suggested that the low resources XR Body Swap designed for pairs of participants was effective in inducing embodiment illusions, which was positively correlated with affective empathy disposition and increased self-other distinction (a confound of affective empathy), and engagement. The results highlight the potential use of this technology to address interpersonal relations. It is corroborated by a recent study that evaluated the use of two-way Body Swaps between acquaintances in a lab setting [START_REF] Tacikowski | Perception of Our Own Body Influences Self-Concept and Self-Incoherence Impairs Episodic Memory[END_REF] demonstrating higher interpersonal similarity in terms of self-evaluation. In fact, Tacikowski and colleagues also suggest that this type of intervention can be used as a tool to modulate the self-concept to better understand the perspective of others.

We conclude that the powerful and unique feature of this scalable system that allows two individuals to exchange perspectives could be explored in several training contexts. Some examples of possible applications are conflicts between two students in a school, organized encounters between different social/ethical/cultural/ideological groups, and swaps between individuals with different hierarchical or departmental status in a company.

Even so, we questioned the feasibility of adopting the two-way body swap system in the subsequent enactments of our research, which was focused on intergroup empathy in educational settings. This was due to the limitations that this system imposes: (1) the requirement for highly precise visuotactile interaction due to the lack of synchronous visuomotor agency over the head, which would require highly trained staff;

(2) the need to have two participants physically present which makes it more difficult logistically to address intergroup relations with a large sample. These limitations led us to choose another lowresources XR Body Swap solution that was considered in our chapter on Problematics: prerecorded XR Body Swap experiences. Even so, while the system with pre-recorded experiences presented several advantages like lower resources in terms of equipment and staff, as well as a higher possibility of offering a controlled experience with the narrative of an outgroup individual to a larger sample, its capacity to induce embodiment (without agency over the body) still needed to be assessed.

Discussing the findings for the prerecorded Body Swaps

Based on the findings from Study 1, the following enactmentscomposed of three studiesadopted the system Library of Ourselves as stimulus, that offers scalable XR Body Swap experiences through pre-recorded first-person narratives that use low-resources multi sensorimotor stimuli without body agency. Interventions were implemented as workshops offered in public educational settings (at one mid-high school, one public library and one university). In line with our main goals and problematics, the workshops addressed intergroup empathy by presenting the first-person narrative of one refugee or one Afro-descendant migrant.

The studies, whose highlighted results are presented in Figures IV.3.1 and IV.3.2, show the potential use of these technologies for inducing embodiment and generating empathic effects on self-reported states, automatic biases, and prosocial behaviour. In these studies, we also reported observations regarding the feasibility of implementing these interventions in educational environments, describing formats that facilitate integration with the traditional curriculum, and that offer optimal logistics solutions for highly scalable interventions. In the following three sections, we discuss the implications from the findings collected in these studies regarding five main issues: embodiment, intergroup openness, empathic expressions, engagement, and XR body Swaps as pedagogical tools. Even so, we highlight a general limitation of those studies that compared two types of mediated perspective taking task that differ in more than one aspect: non-immersion without sensorimotor activation vs immersive with sensorimotor activation. Many studies on XR and empathy-related responses have adopted a similar approach by comparing different modalities of stimuli: e.g.: not having a body nor movements in third person in XR versus having a body and movements in first-person in XR (Gonzelez-Liencres et al., 2020); linear non-immersive 2D video versus immersive and interactive first-person in XR [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]; narrative based without XR vs immersive sensorimotor first-person Body Swap [START_REF] Ahn | Short-and long-term effects of embodied experiences in immersive virtual environments on environmental locus of control and behavior[END_REF]. Even so, to have a more clear understanding of the role of each of these factors, future research should contemplate to isolate sensorimotor stimuli in a separate conditions. 

Building blocks of scalable multi-sensorymotor XR Body Swap systems

Several studies have demonstrated that it is possible to generate the illusion of having a different body through immersive XR technologies. We presented in our literature review (Bertrand et al., 2018) that these illusions can be induced by simply offering an immersive congruent firstperson perspective and an avatar with realistic skin tone; but also through different combinations of stimuli (e.: visuomotor, visuotactile, three-dimensional audio) that may, in fact, override some incongruencies in other aspects (e.g.: realistic skin tone, congruent first-person perspective) ensuring the illusion occurs. Even so, most of these studies have adopted high-end solutions in either computer-generated or stereoscopic video images. In our research we have analysed the use of a novel system that is designed to provide multisensory and motor realistic perceptions of stepping into the shoes of another using low-end accessible technology.

The system analysed in Studies 2, 3, and 4 combines congruent first-person realistic images of a human body, synchronous visuomotor head agency, visuomotor body congruency and visuotactile body stimuli that are not necessarily in perfect synchrony. This is offered through monoscopic video images, a restricted field of view (235 degrees), and no agency over the avatar's movements. Across these studies, we found evidence of effective embodiment illusions evoked by this scalable XR Body Swap system. In the first of these studies, a significantly higher perception of embodiment was observed after XR interventions when compared to control conditions (2D video). Across the three studies, median scores for different dimensions related to body ownership reinforced this evidence, indicating positive agreements with affirmations related to the illusion. Among those, the dimensions of self-location (proprioception), passive touch (caused by an object) and active touch (caused by the virtual hand over objects) were responsible for the higher self-reported scores. Together with body attribution, these variables were also demonstrated to be correlated with empathic expressions.

Evidence shows that the system's main differentials for a pre-recorded XR Body Swap experiencebody visuomotor congruency (self-location and reversed agency) and visuotactile synchrony (touch)play an important role in inducing embodiment illusions. The perception of touch impacted positively the body ownership illusion regardless of the level of accuracy of tactile interaction provided. Furthermore, as expected, agency illusions related to the reversedagency interaction mode were noticeable and so was the absence of agency illusion related to the control of movements and avatar. The lower scores for agency over movementsthat was not a feature of the system testedwas, in fact, accountable for a reduction in the strength of the overall illusion. Even so, the results show that the combination of stimuli used in our system is efficient in inducing body ownership illusions, which open doors for its exploration as a largescale solution. The main components responsible for these illusions to occur under that system are further detailed in the sub-sections below.

a. Body ownership under low resources multisensory stimuli

Confirming our hypothesis, we observed that the system Library of Ourselves stimuli were able to induce embodiment, which was confirmed by the mean and median scores for self-reported questions indicating agreement with affirmations related to the illusion, and also by the significant differences showing higher scores for the test group in Study 2 (XR) in comparison to the control group (Video). Across studies, we observed that body attribution was highly correlated with a strong effect with self-location of touch, touch, and agency. Even so, we noticed that scores for body attribution (and most of the other dimensions) were not extremely high. We hypothesize that the main reason for this mild score is the lack of body agency in the system adopted. Our hypothesis is based on the correlations of strong effect found in Studies 3 and 4 between these two aspects of agency (over the avatar and avatar's body movement) and body attribution, that suggests that embodiment illusions were probably attenuated by the low scores for agency. In line with this hypothesis, previous studies showed that passive stimuli (without motor contingencies) can create the illusion of embodiment on a lower level than active visuomotor congruent stimuli [START_REF] Kalckert | The Onset Time of the Ownership Sensation in the Moving Rubber Hand Illusion[END_REF][START_REF] Tsakiris | Having a body versus moving your body: how agency structures body-ownership[END_REF][START_REF] Hara | Voluntary self-touch increases body ownership[END_REF]. For example, passive motor stimuli during a stimulation of the Rubber Hand Illusion [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF] requires a longer onset time to induce the illusion than active motor stimuli [START_REF] Kalckert | The Onset Time of the Ownership Sensation in the Moving Rubber Hand Illusion[END_REF]. Moreover, passive motor stimuli has been seen to cause the perceptual proprioceptive drift of the finger, while active motor stimuli can provoke the perceptual drift of the whole hand [START_REF] Tsakiris | Having a body versus moving your body: how agency structures body-ownership[END_REF]. Another example shows that active self-touch in XR adaptation for the Rubber Hand Illusion increased body ownership in comparison to both passive self-touch and visuotactile stimuli [START_REF] Hara | Voluntary self-touch increases body ownership[END_REF]. Although the system we adopted cannot be considered to offer 'passive motor stimuli' -but instead 'reactive motor stimuli' or as we refer to it, 'reversed agency stimuli'it did not provide active body agency nor was it perceived to do so, making the analogy with these systems acceptable.

b. Agency illusion and reversed agency

As we just mentioned, the stimulus that we adopted for these studies -Library of Ourselvesdoes not offer body agency, and, differently from other studies in which there was an agency illusion [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF][START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF], it requires participants to move by following the avatar's gestures (in other words, participants are voluntarily controlled by the avatar). Two of our studies adopted questions related to traditional agency illusion (i.e. feeling of control over the avatar, in Studies 3 and 4; ii. feeling of control over the avatar's body moments, in Study 4). These variables came from a questionnaire on embodiment for which researchers indeed indicate that not all the questions need to be asked if the stimuli do not warrant them [START_REF] Gonzalez-Franco | Avatar embodiment. Towards a Standardized Questionnaire[END_REF]. In spite of this, we introduced these questions to observe if our stimuli would produce the illusion of agency, such as is observed in studies with passive stimuli [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF]. Regarding results from the first question (i.e. agency over the avatar), we argued that some participants may have considered that this question was also contemplating control over the head motion of the avatar. This is argued based on the high variance of scores, which was considered as a sign of different forms of interpretation of the question according to each user; and also by the absolute lack of correlation between agency over the avatar and agency over movements observed in Study 4. In fact, the results related to control over body movements indicated a general disagreement among participants (and small variance) with the affirmation presented in the questionnaire in Study 4. So, although there was no control-group for comparison, we interpret this result as a sign of a lack of perceived agency over the movements of the avatar. We cannot ignore another possible explanation, which is the fact that "control over the avatar" can be interpreted as a goal-related agency (explicit) factor and "control over movements" as a movement-related (implicit) agency factor. And in fact, freedom to act (which is not present in the reversed agency mode) was shown to impact only implicit factors of agency (Villa et al. 2020). To confirm the appropriate interpretation of this findings, further research through a randomized control/test studies should be performed and observe variables such as: head/body agency and movement/goal sense of agency factors.

Despite that, throughout the three studies conducted, our results indicate that interventions implemented were effective in inducing two different aspects related to the agency illusion: reversed agency ("the feeling that the avatar was influencing the user's movements") and the feeling of walking (while participants were simply 'walking on spot')

Regarding the first aspect-the feeling that the avatar was influencing the user's movementsthe observed agreements of participants with this affirmation, presented in the questionnaire, make sense since the question translates the nature of reversed agency interactive mode that was proposed to them. Participants were asked to copy the movements of the avatar, and therefore their bodies were influenced by it. That is why we expected higher median scores for this dimension. Even so, the median scores for reversed agency had the same order of magnitude as body attribution (5 on a 7-point Likert Scale), with which reversed agency was strongly correlated (rs = 0.787 in Study 3, and rs = 0.703 in Study 4).

As discussed in our literature review, agency and body ownership illusions are two interrelated, but different, phenomena [START_REF] Sato | Illusion of sense of self-agency: discrepancy between the predicted and actual sensory consequences of actions modulates the sense of self-agency, but not the sense of self-ownership[END_REF], with agency acting as a modulator of ownership [START_REF] Tsakiris | On agency and body-ownership: phenomenological and neurocognitive reflections[END_REF]. While agency illusion can occur with a rubber arm that is not moving, but which the users feel they would be able to move if they tried to (as observed in the classic Rubber Hand paradigm by [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF], this happens only when the setting does not produce a conflict between motivation and action, in other words when there is no movement-based prediction error (Villa et al., 2020) (i.e.: the rubber arm stays still while the participant's arm stays still, and participants are not asked to try to move the rubber arm when the arm is not moving regardless of the user's intention).

Agency illusion in an XR Body Swap intervention that does not provide agency was also observed when there was a mismatch between a participant's and avatar's gestures, but in cases in which there was no conflicting efferent information neither conflicting intention. Two studies [START_REF] Tieri | Mere observation of body discontinuity affects perceived ownership and vicarious agency over a virtual hand[END_REF][START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF] reported this phenomenon in a setting in which participants were still and a repetitive movement was priming the action of the avatar, making it possible for users to predict the avatar's movements (Wegner et al., 2014) and eventually develop one subjective intention for the avatar's action [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF]. This sense of agency is likely to be induced by an explicit (conceptual) factor (Villa et al., 2020). Differently, in the case of reversed agency mode, we stimulate an implicit factor (sensorimotor congruence), but there may exist a conflicting information in an explicit dimension of the sense of agency. It is known that intention prior to action may play a fundamental role in providing cues that can trigger the sense of agency [START_REF] Chambon | From action intentions to action effects: how does the sense of agency come about? Front[END_REF][START_REF] Moore | Modulating the sense of agency with external cues[END_REF]. In that sense, in the reversed agency interaction mode (in which the avatar will move regardless of the gestures of the participant) there is a difference in the intention of participants (which is to copy the character's movements) and the intention of the virtual character (which is to interact in the virtual world). While some of the actions may be predicted (like grabbing a book on a shelf) and may even let participants anticipate an intention among the users (to grab this book off the shelf), the gestures of the movies presented were not repetitive, and to a great extent, they would be hard to predict. Moreover, the system requires a constant cognitive awareness of subjects in observing the movements and focusing their intentions in terms of the mimicry, bringing their awareness constantly back to their real body. The difference between these intentions (of virtual and real body) are corroborated by anecdotal information of beta tests for the Library of Ourselves that collected a saturated level of feedback in which users reported wanting to look around and explore the virtual world though they could not because they needed to follow the avatar's movements. Besides the conflicting intention from participant and avatar, another aspect that plays against the reversed agency mode for the embodiment illusionthat was observed in anecdotal evidence from informal feedback of users by BeAnotherLabis that some participants report that they get too worried and focused on copying the movements of the virtual character so that their attention drifts from the story. In fact, the reversed agency interaction modethat provides something between active and passive motor stimulirequires participants' constant body awareness and active effort to mimic the avatar's movements, which consumes cognitive resources.

Despite this mismatch of intention and the constant awareness of the real body caused by the active effort in matching proprioception, the perception of reversed agency was positively correlated with body attribution and active touch, and therefore contributes to embodiment illusion. Moreover, it is an efficient way of assuring visuomotor synchrony and provide a plausible way of experiencing touch under a synchronous visuomotor and tactile condition (e.g.:

feeling the tactile stimulus of shaking hands with someone would make no sense if the participants had their arms crossed). Furthermore, we are reminded that our 'avatar' is in fact a "real person", and forcing participants to mimic the real gestures of another person allows participants to observe the body language nuances of this character under their particular perspectives, rather than controlling the body of this other person as if it was a puppet subjected to the user's will. Taking these advantages into account that makes this interactive mode a relevant solution, a possible solution to mitigate an eventual cognitive overload of participants when mimicking the avatar is to reduce the amount of interactions that require active motion,

and alternate them with other types of stimuli (such as visual stimuli in the environment itself, like a manifestation happening in front of the character; social interaction; or audio narrative).

Even so, it is relevant to cite a recent study with another content from the Library of Ourselves that revealed an alternative way for eliminating the negative aspects of the reversed agency mode (Roel [START_REF] Roel Lesur | How Does Embodying a Transgender Narrative Influence Social Bias? An Explorative Study in an Artistic Context[END_REF]. In their study researchers did not find significant differences in embodiment when comparing participants exposed to a full experience (which included reversed agency, touch and head visuomotor agency) and participants that had only visuomotor head agency and kept their body still. Even so, this study did not assess the perception of touch related to embodiment, which does not let us explore further the impact of this dimension in their intervention. Moreover, their assessment of embodiment asked the agreement of participants with a statement of " sometimes I felt (…)" the illusion, so we can't exclude the possibility that this feeling of embodiment for the control group happened only during moments in which the avatar was still. Furthermore, none of the conditions (with the body still without touch; and with reversed agency and touch) led to significant differences in implicit bias towards the group of the character (transgender men), which was argued to be due a ceiling effect in which participants did not exhibit strong negative bias before the intervention.

Although a passive visual first-person perspective with visuomotor agency of the head could be an effective way to induce embodiment, and is much more easy to implement; this strategy does not allow a plausible stimulation of touch, neither allows individuals to physically experience the gesture of the character. That is why up to now, balancing all the pro and against factors mentioned regarding the reversed agency mode, we still consider the reversed agency mode a positive strategy to induce embodiment illusion through XR Body Swaps with low-resources multisensory stimuli. This is especially due to its applicability in delivering touch, which in our studies was observed to be correlated to empathic responses. Even so, to confirm this direction future research should explore further through randomized control tests how these factors (physical touch, reversed agency) affect the overall experience regarding embodiment and different dimensions of empathy.

The second element of agency observedthe illusion of walkingrelates to findings from another study [START_REF] Kokkinara | First person perspective of seated participants over a walking virtual body leads to illusory agency over the walking[END_REF] in which subjects reported they felt they were walking even when still. In their study, Kokkinara and colleagues observed that the interaction caused two clear effects: the feeling of walking and the feeling of agency. Nonetheless the latter was not seen in one condition in which the system also provided a sway (an oscillation of the optical flow) that simulated the swing of the body when walking. We speculate that this sway was producing a visual-proprioceptive conflict that resulted in breaking the agency illusion. In our case, users were not still, but walking on the spot (without displacing their bodies forward), and they were actively stimulating their proprioception to fit the slight sway of the movie character when walking. The accuracy of the match between the sway of the character and of the participant relied on the reversed agency mode, in order words: in participants mimicking accurately this visual sway. Although in our experiment users reported the feeling of walking, unfortunately we did not measure the feeling of agency related to this scene. We argue that it is possible that users would report the feeling of agency of walking, since as in the study of Kokkinara and colleagues, the walking movements were rhythmic and predictable. One piece of evidence that corroborates this effect is the strong correlation that we found between the illusion of walking and body attribution. Even so, this can only be a hypothesis, and must be further investigated to point to a conclusive understanding of the feeling of agency in relation to the illusion of walking when participants are actually moving their body to synchronize with the visual stimulus.

c. Self-location of touch, feeling of touch and precision

Significant differences between test and control groups (in Study 2) and median scores above theoretical medians (Studies 2 and 4) for self-location showed that at least one of the main building blocks of embodiment was effective: congruent first-person perspective. In fact, this dimension was responsible for the higher scores for embodiment (Mdn = 6 on a 7-point Likert scale) in both studies that assessed this dimension. Even so, we cannot isolate the influence of touch due to the question we adopted that analysed self-location during touch. In fact, touch was seen to be a major effect in the system. The feeling of touch from the perspective of the virtual character was demonstrated to strongly affect not only body attribution, but also altruistic behaviour, reinforcing that in our stimuli, the visuotactile stimuli exercised an important influence not only on embodiment, but also empathic outcomes.

Apparently, the precision of touch did not seem to play a major role in the induction of embodiment. Even with different types of accuracy (untrained, moderately trained, and highly trained guides), all studies had similar results for the perception of body attribution and correlations to precision that accounted for less than 25% (rs < =.05) of the variation between these variables. Looking across studies, we can observe that the lower precision gets, the clearer is its correlation to other variables related to the experience. Study 4, that adopted a highly trained guide and maximum median scores on precision with a small variance (0.93), showed only correlations of precision with body attribution and touch. Study 2, that adopted moderately trained guides and had a moderate median score for precision (Mdn = 4) with a larger variance (1.135), demonstrated correlations with body attribution, touch, and self-location. Study 3, that adopted non-trained guides and also had a moderate median score (Mdn = 4) but with lower variance (0.428), demonstrated that lower precision was correlated with lower body attribution, lower agency (control over the avatar), lower perceived touch and also lower feeling of being part of the story. Even so, in all the experiments the median scores were higher than the neutral answer (that stood for "sometimes precise, sometimes imprecise"). This leads to the interpretation that it took only some precise tactile interactions to contribute positively to an effective illusion of embodiment. At the same time, the correlations suggest that imprecise interactions diminished the overall illusion to some degree, but without breaking it. In that sense, visuomotor head and body congruences may have played an important role in overriding the lack of accuracy in the visuotactile interactions [START_REF] Maselli | The building blocks of the full body ownership illusion[END_REF][START_REF] Kokkinara | Measuring the Effects through Time of the Influence of Visuomotor and Visuotactile Synchronous Stimulation on a Virtual Body Ownership Illusion[END_REF]Roel Lesur et al., 2018). Taken together, evidence suggests that in a system with low-resources multisensory stimuli such as the one we tested, precise visuotactile stimuli play an important role if provided for at least some part of the experience in order to enhance feelings of touch and body attribution, and does not need necessarily to be constantly highly precise for the embodiment illusions to occur. To confirm these findings, future experiments should explore further this aspect by comparing (using the same population, procedure, and stimuli) different levels of visuotactile accuracy and compare results with the absence of visuotactile stimuli.

Even so, our findings suggest it is possible to implement XR Body Swap solutions on a large scale that offer tactile interaction and that realistic tactile interactions can be implemented without the need for expensive technology. The nature of the tactile interaction provided in the system Library of Ourselves is like the ones adopted in studies with the Rubber Hand Illusion (e.g.: Botvnick and [START_REF] Botvinick | Rubber hands feel touch that eyes see[END_REF][START_REF] Farmer | Change my body, change my mind: the effects of illusory ownership of an outgroup hand on implicit attitudes toward that outgroup[END_REF][START_REF] Fini | Embodying an out-group: the role of racial bias and the effect of multisensory processing in somatosensory remapping[END_REF] or using real-time video Body Swap (e.g.: [START_REF] Lenggenhager | Video ergo sum: manipulating bodily self-consciousness[END_REF][START_REF] Petkova | If I Were You: Perceptual Illusion of Body Swapping[END_REF]Van der Hoort et al., 2011;Van der Hoort et al., 2014), but envisioned to be scalable. It does not rely on specific (nor expensive) hardware and is widely flexible to create tactile solutions for many different circumstances (e.g.: shaking hands, grabbing an object, being pushed, feeling wind). Moreover, the use of video-tutorials for letting untrained guides perform these visuotactile interactions allows this type of system to offer multisensory stimuli which is highly scalable, filling a current gap identified in the industry. While some mechanisms for haptic feedback have been recently developed, they do not offer a great variety of forms of interactions; and solutions using forced feedback haptic devices are still restricted to the healthcare care industry and can be highly expensive and extremely specific [START_REF] Slater | Transforming the self through virtual reality[END_REF]. Another differential of the solution we adopted it the high sense of realism that it provides (i.e.: the feeling of touching the skin of a real hand) combining the notions of tactile stimulation and tactile sensing (Bekerle et al., 2018). It is known that some modalities of touch (i.e.: affective and social touch) contributes positively to the embodiment illusion (Cruicianelli et al., 2016;[START_REF] Fahey | Affective judgement of social touch on a hand associated with hand embodiment[END_REF]. Although the realistic aspect of touch or its social/affective component was not assessed in our studies, it may be one reasonable explanation for the importance of the tactile dimension in terms of enhancing embodiment perception (and empathic expressions) even when accuracy happens only a few times. This hypothesis should be further explored in future studies aiming to analyse the relation of precision and realism (considering affective and social aspects) of tactile stimulation and sensing in embodiment and intergroup empathy outcomes out of XR Body Swap experiences.

Effects of scalable XR Body Swap on intergroup openness

In line with other studies in the scientific literature (see [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF], we observed that scalable XR Body Swap interventions can enhance intergroup openness. In this section, we discuss the findings regarding three different aspects of this modulator of empathy and the implications for future research in that regard.

a. Group identity moderators

As explored in our literature review, we tend to feel empathy towards individuals who are familiar to us, while empathic responses are diminished when targeting outgroups [START_REF] Batson | Distress and empathy: two qualitatively distinct vicarious emotions with different motivational consequences[END_REF][START_REF] Eisenberg | Empathy: conceptualization, measurement, and relation to prosocial behavior[END_REF][START_REF] Decety | The neurodevelopment of empathy in humans[END_REF][START_REF] Avenanti | Racial bias reduces empathic sensorimotor resonance with other-race pain[END_REF][START_REF] Kubota | The neuroscience of race[END_REF][START_REF] Eres | The influence of group membership on the neural correlates involved in empathy[END_REF][START_REF] Amodio | The neuroscience of prejudice and stereotyping[END_REF]. While addressing the topic of migration in France, we tried to control factors that could reinforce or blur this group division through a combination of variables that we named group identity moderators. These variables assessed the country of birth of participants and their parents, as well as the level of attachment to French culture. They demonstrated that the samples for all studies were attached to French culture while having an identity relatively blurred with migrants. In Studies 2, 3, and 4, most subjects were born in France and reported attachment to French culture. In Studies 2 and 3, more than half of the sample had migrant origins (father or mother born out of France), while among the university students (Study 4) migrant origin subjects represented only 6 (out of 14) subjects that answered this question. In Studies 2 and 3, there were no significant differences between groups regarding the "in-group" profile of the subjects, meaning that eventual moderations for experience and empathy effects were equivalent for the XR Body Swap and Video interventions.

Curiously, each study revealed a different relation of group identity moderators with empathic expressions, demonstrating neutral, negative, or positive effects. In Study 2 we found no correlation at all between group identity and empathy, while Study 3 showed a negative correlation of migrant origin and attachment to French culture in relation to empathic expressions. In this study, that demonstrated low altruistic intention as a whole, having migrant origin was related to lower empathic concern, while higher attachment to French culture was related to higher negative bias. In Study 4 (that had a lower percentage of individuals of migrant origin), correlations had the opposite direction: a strong correlation between non-migrant origin and higher negative biases, and higher attachment to France related to higher altruistic behaviour (but not intention). The lack of correlation between migrant origin and empathic expressions in Study 2 could be explained by a general empathic profile found in this population (even among those who were not subjected to any stimuli) regarding migrants and refugees, which may be a result of the blurriness of group identity and high familiarity with migrants.

The correlation of non-migrant origin with higher negative implicit biases found in Study 4 can be explained by the nature of intergroup dynamics, in which ingroups trigger higher empathy than outgroups. On the other hand, Study 3 contradicted our expectations especially regarding the correlation between migrant origin and lower compassion and amount of time offered. We argued that this could be related to the idea of egalitarian social norms that could have created an implicit pressure, especially for participants of migrant origin, to be more empathic towards migrants. As we discussed, this possibility is corroborated by the fact that the implementation of social norms that are not necessarily internalized tends to be ineffective when individuals are not being observed [START_REF] Kubota | The neuroscience of race[END_REF], such as in the case of the anonymous questionnaires that were presented to these adolescents. On the other hand, with regard to the correlation of higher attachment to France and higher altruistic behaviour (in Study 4) we could argue that it may be an influence of French Egalitarian Goals (Liberté, Egalité, Fraternité) that could ultimately be strongly internalized among a population that is more mature (university students) than among teenagers. Differently from the explanation given in the discussion of Study 3, we believe that these egalitarian goals for university students would be rather personal (something participants want to be consistent with) than social goals [START_REF] Kubota | The neuroscience of race[END_REF]. Even so, results related to demographic profile are inconclusive given the complexity of the social phenomena of intergroup emapthy. It is likely that other confounding factors not assessed (e.g.: ideology in the family and friends, media exposure, etc.) may affect these empathic expressions and further research would be required to analyse all possible hypotheses.

In general terms, the population assessedespecially teenagers in Studies 2 and 3were demonstrated to be highly familiar with migrants. This naturally blurred the lines of intergroup distinction, creating an environment favouring empathy towards migrants. In that sense, future research should consider not only the tendency for intergroup empathy observed at a national or continental levelwhich led us to choose the topic of migration [START_REF] Mclaren | Anti-Immigrant Prejudice in Europe: Contact, Threat Perception, and Preferences for the Exclusion of Migrants[END_REF] but that is evidenced in a specific local context. For example, after the data-collection intervention in Studies 2 and 3, teachers and students engaged voluntarily in workshops that we conducted to create XR Body Swap experiences that address bullying and cyberbullyinga problem that is considered among themselves to be of high importance.

b. Subjective proximity

The subjective perception of closeness between individuals and migrants (Study 2), and between individuals' groups and Afro-descendants (Studies 3 and 4) was assessed by the Inclusion of Other in the Self (IOS) scale. Despite its name, the IOS scale is a measure of closeness, that relates to feeling close and behaving close [START_REF] Schubert | Overlap of Self, Ingroup, and Outgroup: Pictorial Measures of Self-Categorization[END_REF]. Designed initially to assess romantic relationships [START_REF] Aron | Inclusion of Other in the Self Scale and the structure of interpersonal closeness[END_REF], it has been adapted

to address intergroup relations [START_REF] Woosnam | Modifying the Inclusion of Other in Self (IOS) Scale and comparing residents' and tourists' perceived closeness with one another[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF] and in this regard, its notion of self-other overlap is highly related to empathic expressions [START_REF] Galinsky | Perspective-Taking and Self-Other Overlap: Fostering Social Bonds and Facilitating Social Coordination[END_REF].

Across Studies 2, 3 and 4 we saw consistent results related to positive subjective proximity towards the group representing the movie's characters. In general, median scores indicated an overall positive proximity (mid to high group overlap) and there was no significant difference between conditions in comparative studies, although in Study 2, the Video intervention, but not the XR, accounted for higher proximity with a strong effect when compared to the No-Stimuli group. In Study 2, the diagrams of intergroup bias focused on the overlap of the individual proximity "Me" and "Migrant". In Studies 3 and 4, diagrams focused on the overlap of group proximity: "My Group'' and "Afro-descendants". This form of measuring intergroup closeness was observed to be positively related to empathy. Higher subjective proximity was seen to correlate with positive intergroup openness and empathic expressions: Study 2 demonstrated a correlation of higher proximity with higher amount of time declared as altruistic intention and cognitive empathy and Study 4 demonstrated a correlation between higher proximity and lower negative bias. In both comparative studies (Studies 2 and 3), proximity was not correlated to any dimension of embodiment or engagement. But in Study 4, we observed that a higher feeling of reversed agency and touch caused by objects led to higher subjective group proximity.

Moreover, Study 4 also indicated that a higher feeling of being part of the story was related to higher subjective proximity.

Taken together, evidence suggests that most participants assessed expressed a positive intergroup closeness, and that this was related to positive empathy expressions. For older participants (Study 4) subjective group proximity was seen to be affected by embodiment, while among teenagers (Study 2), we observed that only the Video intervention caused significantly higher inter-inter-individual subjective proximity in comparison to the median score of the population. It is worthwhile to point out that previous research that was effective in inducing empathy behaviour (effective in reducing bias, [START_REF] Salmanowitz | The impact of virtual reality on implicit racial bias and mock legal decisions[END_REF]and inducing helping behaviour, Herrera et al., 2018) through XR Body Swap with a disadvantaged outgroup character did not lead to any differences between the test and control conditions regarding subjective proximity given by the IOS as well.

Future studies should consider that although the IOS scale can be considered a relevant indicator of intergroup closeness, it may not differ between different formats of media that offer a perspective taking experience, and it may not predict eventual behavioural effects of XR Body Swap interventions.

c. Implicit bias

In our comparative studies (Studies 2 and 3), we observed an overall ceiling effect of low negative bias regardless of group or condition, which did not allow us to observe more salient effects of XR on implicit biases. Similar results were reported in Roel [START_REF] Roel Lesur | How Does Embodying a Transgender Narrative Influence Social Bias? An Explorative Study in an Artistic Context[END_REF] when exposing museum visitors to embody a transgender male character through the Libreary of Orselves: an overall ceiling effect with low negative bias before the interventions, with no significant differences after interventions [START_REF] Roel Lesur | How Does Embodying a Transgender Narrative Influence Social Bias? An Explorative Study in an Artistic Context[END_REF]. Even so, in our study we observed that XR interventions accounted for higher positive biases than the No-Stimuli group in Study 2, which was not the case between the Video and the No-Stimuli groups. Findings were reaffirmed by the correlation between lower implicit bias and higher embodiment (body attribution and illusion of walking) in the same study. For Study 3, although there were no differences between conditions, we observed that very few participants, who had moderate levels of negative bias, presented high levels of embodiment when exposed to XR. That means that the induction of embodiment illusion was possible even among participants with negative biases, which is in line with previous studies cited in the scientific literature [START_REF] Maister | Experiencing ownership over a dark-skinned body reduces implicit racial bias[END_REF]Peck et al., 2014;[START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF]. The hypothesis that the contentthat presented the narrative of an under-privileged young man -enhanced negative biases through the phenomena of proteus effect [START_REF] Yee | The proteus effect: the effect of transformed self-representation on behavior[END_REF] was discarded after Study 4, that presented the same experience and did not suggest a correlation of higher scores for embodiment among participants with moderate or strong negative biases. Instead, we noticed a correlation between higher engagement (that was enhanced by higher scores for embodiment)

and lower negative bias.

Taken together, the results indicate that the type of pre-recorded scalable XR Body Swap interventions adopted in our research has the power to affect implicit bias. While research with XR Body Swap on implicit bias has focused on the use of systems that offers visuomotor agency [START_REF] Peck | Putting yourself in the skin of a black avatar reduces implicit racial bias[END_REF][START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF], our findings reinforce existing evidence that interventions without body agency can also be used to stimulate the reduction of negative biases (Maiser et al., 2013).

The validity of the assessment of implicit bias adopted (the IAT ;[START_REF] Greenwald | Measuring individual differences in implicit cognition: the implicit association test[END_REF] was also discussed. Although it has been widely used for a couple of decades, the IAT has collected several criticisms about how much we should rely on its modulation to determine the reduction of implicit attitudes. A recent meta-analysis of 492 studies that used different manipulations to change implicit biases has shown that change in implicit biases cannot necessarily predict behaviour [START_REF] Forscher | A meta-analysis of procedures to change implicit measures[END_REF]. In fact, behavioural measures related to implicit biasessuch as proxemicshave been observed after XR Body Swap exposures even without changes in implicit biases. In one study with XR Body Swaps [START_REF] Hasler | Virtual race transformation reverses racial in-group bias[END_REF]) used a XR Body Swap with most of the ideal requirements listed in the scientific literature related to embodiment and biases (first-person congruent perspective, visuomotor synchronous agency of head and body, positive intergroup contact, neutral intergroup interactions) and did not observe a reduction in implicit biases. The authors argued that this may have been caused by the subjective likeability of the virtual character with whom users engaged, which would be partially explained by the contact hypothesis that predicts a reduction in biases out of a positive interaction with an outgroup (Allport, 1954). Even so, the study found another expression of lower implicit biases, and on a behavioural level, which is mimicry.

Participants with a white skin were observed to mimic their virtual pairs when their avatar matched skin tone. In Study 4, we also did not observe links between behavioural expressions of empathy (altruistic task) and the IAT. Even so, we agree with Banakou and colleagues [START_REF] Banakou | Body ownership causes illusory self-attribution of speaking and influences subsequent real speaking[END_REF] that the IAT is a straightforward measure to be adopted in this type of study, and that it has demonstrated evidence of its predictive power for discriminatory behaviour [START_REF] Greenwald | Understanding and using the Implicit Association test: III. Meta-analysis of predictive validity[END_REF][START_REF] Rooth | Automatic associations and discrimination in hiring: real world evidence[END_REF]. In fact, we believe it can be an important tool in future studies that addresses a topic with a more salient group division or discrimination.

Even so, we consider that future studies should also adopt other forms of assessment related to implicit biases (such as qualitative methods, proxemics, or evaluations of school climate) to provide different perspectives and nuances in the assessment of these subtle forms of categorical thinking related to outgroups.

Effects of scalable XR Body Swap on empathic expressions

In this section we discuss the results from Studies 2, 3, and 4 regarding the effects of XR Body Swap interventions on self-reported empathic states, self-declared altruistic intention, and altruistic behaviour. For each topic, we derive conclusions based on evidence we collected combined with findings described in our literature review [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF], indicating future steps for the research.

a. Self-reported empathic states

As defined in Chapter II (Problematics), in our research we were interested in evaluating how XR Body Swap interventions related to a specific character or group would affect the empathic state of participants in relation to this group or character, rather than assessing a general empathic disposition.

Our evaluation of self-reported empathy states was addressed by using two different sets of questions related to empathic concern, affective and cognitive empathy. In Study 2, questions were targeting the outgroup (migrants and refugees). In Study 3, two questions (on cognitive empathy and empathic concern states) targeted the individual and one question (on empathic concern disposition) targeted the group. In both studies, subjects reported a positive empathic state (median scores above 5 on 7-point Likert scale questions and median scores above 4 on a 5-point Likert scale). Moreover, higher engagement (which was correlated with higher embodiment) demonstrated consistently strong and moderate effects for correlations with higher empathic states.

In In Study 3, we observed different results. Although not significant, the question related to the group showed a statistical tendency towards moderate effect size indicating higher scores for empathic concern among the XR condition when compared to the Video condition. But looking at the empathic state there was a significant difference between conditions, indicating higher perspective taking and compassionate motivation after the XR condition. Moreover, some of the embodiment variables (body attribution, reversed agency and especially touch) also had a clear effect on higher cognitive empathy and compassion (desire to help) the character.

Our findings from Study 3 differ from the results for self-reported compassionate state of another similar study. Herrera and colleagues [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF] presented the perspective of a fictional disadvantaged character (homeless person) through computer generated images and compared empathy effects between XR Body Swap and non-immersive media [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF]. Although they observed a significantly higher helping behaviour long after the XR exposure, there was no difference between groups regarding self-reported compassion ("softhearted, touched, sympathetic, or compassionate") right after or long after the interventions.

The comparison with a control group that received only information about the condition of homeless individuals showed that all perspective taking stimuli (narrative-based, video-based and XR Body Swap-based) induced higher compassionate states [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF].

The context of our Study 3 (country, participant's profile, environment) differed in many ways from the study mentioned, such as questions to assess compassion, the experimental design and the outgroup categorization. Being cautious regarding those differences that do not let us establish a direct comparison, we highlight two important differences in the Body Swap stimuli we adopted that could eventually explain why our intervention indicated higher empathic state towards the character when compared to the video condition: touch and realistic content. While the role of touch in these self-reported empathy expressions is more evident since there are important correlations between these variables, the role of realistic image is also a plausible hypothesis that deserves further investigation. Differently from the study by Herrera and colleagues, and most of the studies on XR Body Swap and empathy (for a review see [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF] our approach consisted of offering a non-fictional story presented through a realistic video, and therefore, the realistic nature of the content may have been enhanced by the immersive media that embedded a realistic tactile sensation. We suggest that future research should analyse the effects of XR Body Swap on empathic states through randomized controltrials that compare embodiment of a real story versus a fictional story, and embodiment of a video-based avatar versus a computer-generated avatar. In the same way, a deeper investigation of the role of touch should contemplate non-immersive stimuli (i.e.: 2D videos) combined with tactile feedback.

b. Altruistic intention

Across all studies, we noticed a ceiling effect on the declared altruistic intention, meaning that the vast majority of the sample for all conditions (XR, Video and No-stimuli) reported that they would be willing to offer time to support the character's group (refugee or Afro-descendant migrant). But when asked about how much time they were willing to offer, the results were quite different across the groups. In Study 2, a small statistical tendency to offer more time was observed among the Video group participants, and this difference was supported by a negative correlation with the illusion of walking (higher illusion, less altruistic intention), and a positive correlation with higher proximity (higher proximity, higher altruistic intention). On the other hand, there was no correlation between self-reported empathy and altruistic intention. In Study 3, median scores from both conditions indicated that the amount of time offered to help was the minimum possible (5 minutes), and that none of the conditions were able to induce high altruistic motives (maximum amount of time declared). Even so, in this study, a higher amount of time offered was seen to correlate with higher self-reported empathy, higher intergroup proximity and higher feelings of being part of the story. We discussed that while the initial altruistic intention could be a consequence to social desirability bias, albeit the questionnaire was anonymous, the amount of time offered was less likely to be explained by this factor.

Although this would require further research, we argued that another possible explanation could be related to egalitarian social goals [START_REF] Kubota | The neuroscience of race[END_REF]. It seems that although participants declared their intention to support, they did not have enough motivation to commit to a significant amount of time. By doing so, they could find themselves consistent with egalitarian values even without a great commitment. Differently from the two previous studies, in Study 4 with young adults at the university, we observed a positive correlation between higher altruistic intention (in general and in relation to the amount of time offered) and higher embodiment,

showing that the experience had a positive impact in terms of the declaration of altruistic intention. Taken together, the results could not indicate a consistent tendency in terms of how XR Body Swaps affect altruistic intention.

Although our assessment of altruistic intention was characterised by helping behaviour, it intended to be conceptually close to Batson's definition of altruism: that altruism is a motivation and is driven by the benefit of the other, and not by an egoistic motive (Baston, 2011b).

Participants did not have any apparent benefit in offering to provide support, which was proposed under an anonymous questionnaire (and therefore would not be judged). In fact, through his definition of altruism as "a motivational state with the ultimate goal of increasing another's welfare" (Baston, 2011b, p. 20) he also argues that egocentric and altruistic motives can co-exist once each motive is nurtured by a different ultimate goal (e.g.: respectively: meeting personal egalitarian goals, and helping someone in need). So, if egocentric bias was to influence the answer, the commitment to provide support could still be preserved as a true altruistic goal. Furthermore, as discussed in our literature review, altruistic motives are related to the amount of help one individual may offer to someone in need [START_REF] Clary | The amount and effectiveness of help: the relationship of motives and abilities to helping behavior[END_REF].

Therefore, the question of 'how much time participants would offer' was conceived in a way to let participants demonstrate the level of their motivation to support the other anonymously (suggesting implicitly that they could be asked to do so) rather than simply reporting their motives or letting others (like teachers or peers) know if they had engaged or not. By doing so, we expected to mitigate Batson's concern, based on [START_REF] Nisbett | Telling more than we can know: Verbal reports on mental processes[END_REF], that such complex motives cannot be assessed by self-reported questionnaires. But the results of Study 3, that demonstrated an extraordinary discrepancy between a declaration of an altruistic intention and the amount of time offered, made us question the validity of our assessment of the amount of time offered, and motivated us to compare the declared intention to the concretization of altruistic behaviour.

c. Altruistic behaviour

To further explore the validity of the declaration of intention to support as an assessment of altruistic motives, in Study 4 we also performed a behavioural task that was a concretization of the narrative presented in the measure of altruistic intention. The task was a voluntary questionnaire taking up to 20 minutes that was sent to participants one week after the intervention. The questionnaire was on racism in France and was designed to avoid barriers for action [START_REF] Clary | The amount and effectiveness of help: the relationship of motives and abilities to helping behavior[END_REF]: like power (e.g.: we did not ask for people to change situations of racism in France) or specific skills (i.e.: we highlighted that any inhabitant in France would have the knowledge to answer the survey). In that way, the task was relying solely on the motivation of participants: the higher the effort in providing support, the higher subjects' genuine altruistic motives. The inclusion of this task led us to conclude that the declared intention to support, and the amount of time declared, could not be used as a reliable measure of altruism. Half of the subjects who declared intention to support did not engage in behaviour, although only subjects who declared the intention engaged in the altruistic task, which explains only a moderate effect found between the correlation of intention and behaviour. Furthermore, while some participants who offered more time were more likely to engage in the maximum amount of time in the altruistic task, others simply did not meet their commitment. The variable that we defined as high altruistic motives (Alt.Int.Max, that considered only participants who suggested they would support for the maximum amount of time possible) was not a sign of maximum altruistic behaviour as well. On the one hand, not only participants that committed to the maximum amount of time engaged in fulfilling the whole survey. On the other hand, declaring maximum altruistic intention was not a determinant for engaging or not in the altruistic task, nor of offering more time, and had only a moderate effect correlation with maximum time spent in the altruistic behaviour. The results suggest the lack of reliability of this self-reported assessment to determine altruism. Previous studies on XR Body Swap and altruism [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Rosenberg | Virtual superheroes: using superpowers in virtual reality to encourage prosocial behavior[END_REF][START_REF] Bailenson | Comparing behavioral and self-report measures of embodied agents' social presence in immersive virtual environments[END_REF] have also observed this type of discrepancy between declaring intention and engaging in behaviour. For example, in one of these studies, participants from XR Body Swap and narrative-based perspective taking agreed to sign a petition to support the funding of affordable houses for homeless individuals, but XR Body Swap intervention accounted for a higher rate of participants that really signed this petition [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF] Results from the correlational analysis of Study 4 demonstrated that engaging in the maximum amount of time in the altruistic task was moderately affected by the scores for embodiment attribution and feeling of touch. In fact, logistic regression considering as an outcome the maximum altruistic behaviour (maximum amount of time engaged in the task) showed that the best predicting model of altruism was the feeling of touch and engagement (feeling part of the story). Other variables of altruistic behaviour (engaging or not and spending more time on the task) were also related to embodiment and engagement, with a strong effect correlation with active touch. This evidence is in line with the scientific literature that shows that embodied experience of an outgroup facing difficulties can induce prosocial behaviour after the intervention (Herrero et al., 2018;[START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]. It also reinforces the potential use of scalable XR technology to promote altruism, highlighting the role of tactile interaction embedded in those systems in supporting individuals in the adoption of sustained prosocial behaviour.

Effects of scalable XR Body Swap on engagement

Throughout Studies 2, 3 and 4, we presented evidence that indicates that XR Body Swap interventions can be used as a learning tool capable of engaging students and therefore, contributing to the learning of empathic capacities. Moreover, the findings highlight the importance of engagement itself in supporting these empathy expressions. However, results might be partially caused by the novelty of the XR technology. Despites that previous research comparing different media reported higher engagement of XR even after three sessions (see [START_REF] Huang | Motivation, engagement, and performance across multiple virtual reality sessions and levels of immersion[END_REF], a longitudinal study in education have shown that novelty effect accounts for a higher perception of learning and preferences for technology which significantly decreases after three years of its regular use [START_REF] Krendl | Student Responses to Computers: A Longitudinal Study[END_REF]. While longitudinal studies would be ideal to control for this effect, our findings suggest that XR Body Swaps can contribute, at least initially, to enhance engagement of students in learning about intergroup empathy. In that sense, the results demonstrated that XR Body Swap experiences were effective in engaging participants' attentionwhich is a drive of learning motivation (Arnone & Small, 1995)towards a thematic of intergroup empathy. Moreover, the experience offered an optimal emotional state (positive affect with moderate arousal) that favours positive evaluation of the narrative presented, importance of the topic, and critical thinking [START_REF] Storbeck | Affective Arousal as Information: How Affective Arousal Influences Judgments, Learning, and Memory[END_REF].

In general terms, Studies 2 and 3 indicated that the XR Body Swap condition was more efficient in capturing students' attention, sparking pleasure and moderately higher arousal related to the content than 2D video. Students reported a higher interest in the experience and, more importantly, a higher perception as if they felt part of the story. It is worthwhile to observe that, although higher than video conditions, emotional states were not extreme, which could be counterproductive in a task that demands participants to adopt critical thinking to question categorical thinking such as implicit biases [START_REF] Bodenhausen | emotions, arousal, and stereotypic judgments: A heuristic model of affect and stereotyping[END_REF]. Throughout Studies 2, 3 and 4, median scores for pleasure were 4 and for arousal were 3, on a 5-point Likert-scale. The results suggest that these XR Body Swap experiences offered optimal conditions in contributing to triggering the interest of students towards the thematic of intergroup empathy, as well as signalling the importance of this topic.

Moreover, throughout the three studies, variables of emotional state and attention tended to be correlated with each other, reinforcing the validity of the concepts assessed. They were also consistently affected by the perception of embodiment, showing the role of the XR Body Swap in inducing optimal emotional states and also the attention of students towards the content presented. Furthermore, a consistent correlation between feeling part of the story was observed with different forms of empathy expressions (Studies 2 and 3); and intergroup openness (Study 4). While engagement was not correlated with intergroup openness in the comparative studies (Studies 2 and 3), it accounted for higher cognitive and affective empathy, as well as higher declared altruistic intention. In Study 4, higher feeling of being part of the story was related to higher proximity and lower negative bias, but also to higher declared intention and higher altruistic behaviour. Taken together, the findings suggest not only that XR Body Swap can lead to optimal engagement towards the thematic of empathy, but that this engagement is an important factorsometimes clearer than embodiment itselfto induce higher empathic states.

The implementation of XR Body Swaps as pedagogical tools

Throughout our researchwhich included exploratory beta tests, the studies reported in this manuscript, and workshops created in collaboration with teachers and students after these studieswe have explored different ways to implement XR Body Swap technologies to support empathy development in educational settings, and observe a high potential of scalability. In the following subsections we discuss optimal strategies to implement XR Body Swap systems in educational settings based on the observations during our enactments and the continuation of this research.

a. Using XR Body Swap to engage school communities with empathy beyond the individual effects of one single intervention

We discussed in our literature review that empathy training should ideally be contemplated through a whole school approach (which includes the local community connected to the school) and in the long term [START_REF] Elias | Promoting Social and emotional Learning: Guidelines for Educators[END_REF][START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF][START_REF] Taylor | Promoting positive youth development through school-based social and emotional learning interventions: a meta-analysis of follow-up effects[END_REF] Collaborative for Academic, Social and emotional Learning, 2005-casel.org). We highlighted that a safe social emotional environment is an important catalyst for the learning process for social emotional skills such as empathy [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF]. In fact, this sort of school climate favours not only the development of empathy, but also improvements in learning outcomes [START_REF] Covington | Goal Theory, Motivation, and School Achievement: An Integrative Review[END_REF]. Even so, isolated initiatives are valid and play an important role in testing and promoting an educational change towards the inclusion of Global Citizenship education (UNESCO 2013(UNESCO , 2014(UNESCO , 2015)). In other words, isolated initiativessuch as the ones performed in our research or even enrichment activitiesshould be considered a beta-test of innovative methods that can foster interest and engagement of the school community to pursue further new solutions to address social emotional and behavioural learning. Ultimately, they have the potential to spark bottom-up influence in local and national policies of education to embrace pedagogical goals related to empathy. In that sense, beyond any direct effect measured after the XR Body Swap workshops among students throughout Studies 2 and 3, we observed that the interventions were successful in engaging students, teachers, and school communities with one topic that is not addressed in their routine: empathy. For example, we witnessed the emergence of critical discussions and reflections at different levels about: interpersonal relations between students and teachers; different forms of prejudice targeting different profiles of individuals such as bullying, cyber-bullying and gender inequality; mutual respect; and even the eventual "dark-sides" of empathy [START_REF] Galinsky | Perspective-Taking and Self-Other Overlap: Fostering Social Bonds and Facilitating Social Coordination[END_REF]) such as empathising with the enemy.

Furthermore, as previously mentioned, teachers and students demanded more than a single intervention. Although outside the scope of the studies presented here, our initial enactments in each one of the two schools evolved into customized workshops designed to discuss and address problems identified by teachers and students themselves. This happened with the agreement and support of school directors. These consequences lie beyond the existence or not of positive empathy effects on individuals of an XR group/condition after one single intervention. In fact, we observed that these embodied technologies can open the door for education actors to engage in the practice and discussion of empathic phenomena with their students, their peers, superiors, and perhaps with parents of students.

Biopsychosocial approaches reinforce that human developmentsuch as social emotional learningcannot be contemplated only by offering a generic solution to all students and observing their individual improvements, and in fact, not even by considering only the school environment [START_REF] Kranzler | Past, Present, and Future of Research in School Psychology: The Biopsychosocial Ecological Model as an Overarching Framework[END_REF]. Instead, this framework suggests the need to adopt a holistic view to contemplate not only the individual dimension of one student (which includes genetics, traits, behaviours), but also the microsystem (the school community and close family and friends of students), the mesosystem (the interactions between students and the microsystem), exosystem (e.g.: school boards, national educational policies), and macrosystem (social and cultural context) [START_REF] Kranzler | Past, Present, and Future of Research in School Psychology: The Biopsychosocial Ecological Model as an Overarching Framework[END_REF]. To tackle complex issues such as intergroup empathy, specific content or an experience will not be enough no matter how efficient the technology is. But the engagement of the whole school community using a collaborative approach may contribute to building a more empathic culture in that school, and potentially generate knowledge and influence educational policies and ultimately social norms.

Future enactments of this research should explore in a more controlled fashion the assessment of school climate and school community engagement towards the goal of promoting the development of empathic capacities, beyond individual effects in participants.

b. Instrumentalizing teachers in how to use engaging technological tools for empathy

One intrinsic aspect for a 'whole school approach' is the empowerment of the role of the teacher as a facilitator. If empathy, like other socio-emotional skills, requires a safe social emotional environment to be appropriately learned [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF], the teachers must be the most engaged actors to facilitate these experiences, and to refinetogether with their studentstheir own empathic capacities.

Contemporary researchers on global citizenship education reinforce the need for teachers from the XXI century to go beyond their traditional disciplines, and be able to discuss, support, and engage with topics that are beyond their disciplines, like racism and social prejudices (for a review see [START_REF] Guo | Preparing Teachers to Educate for 21st Century Global Citizenship: Envisioning and Enacting[END_REF]. But to do so, they also recognize that educators need specialized training.

XR technologies offer teachers a powerful tool to address those topics, but also to refresh the dynamic of their class sometimes worn out by the routine, and raise students' engagement with and excitement about a learning process related to empathy. XR Body Swap interventions, such as the ones tested in our research, require students and teachers to engage their physical bodies in a learning experience, to take an active role in performing these experiences, and offer the opportunity for sharing personal experiences in a debrief and reflection about the content that was provided. c. XR Body Swap as a pedagogical tool and not as a standalone intervention, nor as an ultimate empathy machine

Can we become fully empathetic after a 10-minute intervention in XR? We surely do not believe so, neither have we seen evidence that this idea is remotely possible. Scientific research has

shown that XR technologies have great potential to support empathic capacitieslike inducing a sustained reduction in negative implicit biases [START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]; raising self-reported empathic states and inducing sustained prosocial behaviour after the intervention [START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]. Even so, we cannot outsource such a complex tasklike learning empathyto content designed to be experienced through a machine. While experiences in XR technologies require a safe space for debrief and reflection [START_REF] Rougeau | Charte de recommandations sur l'usage de la Réalité Virtuelle. Vr Connection[END_REF] the learning process for social-emotional skills requires long-term consistent training to be instrumentalized [START_REF] Ladd | A cognitive-social learning model of social-skill training[END_REF]Weissberg et al., 1989;[START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF]. of commitment. The non-obligatory aspect of this approach is especially positive for addressing intergroup dynamics, that may be risky to implement as an obligatory discipline and can trigger a backlash effect [START_REF] Schofield | Black-White contact in desegregated schools[END_REF][START_REF] Wegner | Ironic processes of mental control[END_REF] by enhancing intergroup division and stereotypes as previously described in our literature review.

In Table IV 

Towards a framework of design principles for pedagogical engineering of XR Body Swap tools

Based on the findings discussed, and to contribute to the design of new XR Body Swap pedagogical tools we propose work-in-process guidelines for design principles that could guide researcher and engineer training methods of empathy using this technology. We divided these design principles into two steps that follow a workflow that is not linear but instead, as in designed-based research, must be considered as a constant forward-backward approach throughout different enactments and refinements of the pedagogical engineering process. This process should be conducted in the most collaborative way possible, engaging different actors who will be involved in the process, and who include: teacher trainers, school board, teachers, students and experts from specific domains related to the topics that will be addressed.

Step A: Evaluation of empathic needs and optimal learning methods and XR strategies

We propose that the process starts by a first step consisting of a contextual analysis to define the most relevant empathic abilities, catalyst factors, and moderators that can act as important variables of the empathic process in one given situation, and therefore, to define the structure of the learning system, as indicated in Table IV .4.1 (Bertrand et al., 2018). Once the variables that need to be addressed are clear, it is possible to choose relevant enhancers of these variables: training methods and XR strategies. This evaluation will provide the basis of the design of learning systems that make efficient use of relevant EVR strategies.

Step A: Evaluation of empathic needs and best learning methods and XR strategies a) What is the relationship between emoter and observer? Abilities: intergroup openness; reflexive thinking; social skills; conflict management.

Environmental catalysts: consistent long-term training; real-world, case-based learning environments; whole school-community approach; cognitive, socio-emotional, and behavioural learning; safe environment for positive intergroup contact with equal status, cooperative interdependence, common goals and authority guidance.

Modulators: increase of familiarity, affiliation, similarity with outgroup members; decrease of bias, stereotypes, coded predictions, categorical thinking against outgroup members; enhancement of internal and social egalitarian goals; enhancement of the notion of a shared identity.

Examples

of learning strategies: instrumentalization of reflexive thinking and social skills; promotion of egalitarian goals; practice of non-judgmental thinking.

Examples of XR strategies: intergroup embodiment for enhancing self-other similarity; proteus effect with nonstereotypical avatar. b) How developed is the self-awareness of the observer? Abilities: identify and manage one's own emotions, motivations, decisions, and social relations. Possible XR strategies: multi sensorimotor first-person perspective taking; proteus effect and/or agency illusions of compassionate and prosocial avatars.

Note: highlighted abilities, moderators and methods are interconnected and overlap.

Table IV.4.1: Framework for evaluation of empathic needs and best learning methods and XR strategies (adapted from [START_REF] Bertrand | Learning empathy Through Virtual Reality: Multiple Strategies for Training empathy-Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality[END_REF] Step B: Evaluation of the environment conditions for defining goals and strategies The first step is followed by a strategic evaluation of the educational environment where the interventions should take place and the definition of concrete pedagogical goals, as indicated in Table IV.4.2 That evaluation will lead to the definition of goals for XR Body Swap interventions and the main strategies that they can make use of to achieve those goals.

Step B: Evaluation of the environment conditions for defining goals and strategies Taken together, evidence and observations collected throughout our research demonstrated that low-resources XR Body Swaps have the potential to be implemented as pedagogical tools for empathy and to contribute to that goal. In ideal conditions, they should be integrated into a broader pedagogical program that explores theory and invites participants to discuss and reflect on the experience, rather than being used as a single intervention. In that sense, XR Body Swap tools could contribute to the engagement of school communities towards the development of empathic capacities, while benefiting from dynamics that extend the experience beyond the experience itself. We can foresee a vast number of concrete applications for these tools, like: integration of XR Body Swap interventions into traditional disciplines (e.g.: history, geography, philosophy, language, mathematics, technology, civics) adding to them an experiential and social-emotional dimension that can contribute to the development of empathic capacity;

enrichment activities to engage students and the whole school staff to better understand how it feels to be on the other side (a student or a school staff member); training for teachers through the simulations of different conditions of classroom activities, by letting these teachers step into the shoes of skilful teachers or students with specific needs in order to better understand nuances of school dynamics and train them in how to deal with them; conflict management between peers and groups of students (in that case through systems like the two-way Body Swap); collaborative processes engaging the school community in relevant social thematics (e.g.:

prejudice, bullying, gender equality, human rights, cognitive diversity, social inclusion) that can improve the school climate to promote a safe emotional learning environment.

Based on the aspects previously discussed, future directions of our designed-based research should consider the following aspects:

• Adopting a more collaborative approach in which teachers and students take an active role in the decision on the topics that need to be addressed, as well as on how these topics should be addressed.

• Focusing on the integration of XR Body Swap tools into broader programs aiming for the development of empathic abilities not only of students, but the whole school community.

• Adopting a mixed model of assessments that combinesmost of allqualitative and behavioural measures related to intergroup empathy.

Beta-testing future steps

Following our four enactments just described, and guided by the design principles proposed in the work in progress framework, we worked to take part in one interdisciplinary group related to the French Ministry of National Education and Youth. Our work involved supporting the creation and implementation of a novel tool that uses XR focused on sensitizing teachers in relation to a critical national problem: empathy towards students with learning disorders related to dyslexia. The goal was to create an approach that could help teachers in training to better understand the cognitive, social, and emotional challenges faced by these students. The type of stimulus that we have adopted in our Studies 2, 3 and 4 seemed to be suitable to be adapted for the challenge proposed, and we partnered with BeAnotherLabwhich was responsible for the content creationto define the approach for this designed-based research.

This project, shown in Figure IV.6.1, was particularly relevant for our thesis work since it offered conditions to test a more collaborative approach envisioned for the future enactments of our research, and also test our framework of design principles that we have just described.

Furthermore, it offered the opportunity to explore the adoption of XR Body Swap tools for empathy through a top-down approach, going from the school's exosystem (prototyping new policies for training students), to the mesosystem (improving the interactions of teachers and students), microsystem (contributing to safer emotional environments in schools fomented by teachers empathic towards these students), and finally to the individual (providing appropriate emotional support based on student-specific needs). In this section we describe the engineering process for producing the prototype for this solution, as well qualitative analysis of beta-tests with a group of 10 teachers in training. 

Context

We were invited to join an interdisciplinary group to create a new method using an XR Body Swap tool to promote empathy towards students with dyslexia, envisioned to be implemented Française des DYS). The content was developed by BeAnotherLab with our active involvement in defining the pedagogical engineering process, a collaborative approach to define and produce the content and a first enactment of a beta-test among teachers in training.

Problematics

"DYS disorders" are long-lasting specific learning disabilities of neurobiological origin that include different categories of disorders that challenge an individual's ability to acquire written language (dyslexia), motor and writing development (dyspraxia), numerical activity (dyscalculia) oral language (dysphasia) [START_REF] Lyon | A definition of dyslexia[END_REF]. While the disorder of dyslexia alone is estimated to represent 80% of all learning disabilities; it frequently co-occurs with other DYS disorders, as well as with attention disorders and hyperactivity [START_REF] Lyon | A definition of dyslexia[END_REF] [START_REF] Ringard | Rapport Ringard: A propos de l'enfant dysphasique et de l'enfant dyslexique, Paris. Ministry of Education[END_REF]. These students will therefore later join the ranks of dropouts in large numbers. In his book about Dyslexia in schools, Professor Alain Moret from the INSPE (Institut national supérieur du professorat et de l'éducation) discusses how teachers may contribute to the devaluation of students with DYS without noticing it (Moret, 2018). For example, a student who encounters recurrent difficulties during dictation will be considered a "dunce" by his teachers, devalued by his classmates and parents, and his self-esteem will suffer.

Yet these young people often work much harder than their peers. Due to poor results in terms of the energy they expend, they tire, then lose their self-esteem and confidence which can lead to depression or rebellion. Even though there are highly effective adaptations, especially digital ones, they are not well known to teachers. Despite a strongly committed political discourse in favour of inclusive schools in France, a survey conducted by FFDYS (Federatión Française de DYS) among 1500 parents of students diagnosed with DYS showed that half of them reported that their children suffered from bullying by colleagues and especially teachers.

There is consensus among experts consulted throughout this project that helping teachers to better understand what these students face would help them in understanding these cognitive, social and emotional challenges, and would motivate them to provide better support. Even so, according to the interdisciplinary team of the project REVE, the current training of ordinary teachers does not explore in depth the subject of learning disabilities such as dyslexia and the solution is not simple even for teachers specialized in learning disorders. There are several pedagogical adaptations recommended to teach this profile of students, but there is not a recipe since every student has different needs and responds differently to different tools. The success of these pedagogical adaptations relies on the empathic abilities of teachers to deeply understand each student with dyslexia in terms of their cognitive, social, and emotional needs. 

Pedagogical Engineering Process

The process for developing XR interventions for raising empathy towards students with dyslexia involved three main phases: immersion, production, and beta-test. Adopting a design-based approach, these phases were interconnected with enactments going backwards and forward during a period of four months (from March to June 2019).

Immersion, design principles and co-design

In this phase, we focused on understanding the challenge through different perspectives to ground the guideline principles that should be adopted for the creation of the solution.

Scientific immersion

The first step was to understand the conditions of students with dyslexia under a holistic perspective: cognitive, socially, and emotionally. To do so, we started by consulting scientific literature to better understand Disorder DYS, their characteristic and main learning. That was followed by in-depth interviews with different professionals working in this field who reported their main challenges and needs: one scientific researcher specialized in psychology and learning disorders; one teacher specialized in learning disorders; one psychologist specialized in learning disorders; one speech therapist and instructor of teachers specialized in learning disorders. A thematic qualitative analysis with a theoretical and essentialist approach was conducted based on the interviews and literature review to answer the main topics proposed by our framework. The answers to the framework were later adapted and refined based on another collaborative enactment that will be described below.

Empathic immersion and co-design

The following step consisted a collaborative process with different actors to validate and refine our framework and to define different scenarios for the development of content. This was done through two main workshops:

a. Interdisciplinary co-creation workshop

This activity aimed to discuss the main challenges and possible solutions with a group of education actors with different perspectives: students with dyslexia, teachers specialized in learning disorders and non-specialized, pedagogical counsellors, school directors, experts in school adaptation and schooling for the disabled.

With a duration of one-day, the workshop, shown in Figure IV.6.2, was organized at a model school in the region of Dijon with participants recruited by the local rectorate. It started with a brief introduction about the goals of the project and the drafts of the design principles elaborated based on the scientific immersion. This was followed by a demonstration of the XR technology (the documentary of Yaya, presented in Studies 3 and 4). Each group that experienced the XR Body Swaps formed a round table to debrief on their feelings about the experience and reflect on the use of this technology to address the challenges of the project. Special attention was given to a group of students with dyslexia present in the team, who gave their impressions about the potential use of XR to raise the sensitivity of teachers and other students with regard to the topic of DYS disorders.

In the afternoon, we divided the participants into three groups composed of individuals with different profiles. Each group was asked to write a script for an XR experience. At the end of the workshop, each group presented their ideas and the motivation behind each scene proposed.

The scripts were later analysed and condensed into the most feasible scenes to be produced. 

Sub-groups discuss and create scripts Students with dyslexia share their impressions about the potential use of XR technology

b. Empathic listening circle at parents' associations

This activity involved a round table for listening to experiences and advice from teenagers with dyslexia who had suffered in school due to their learning needs, and parents of students with dyslexia.

The workshop lasted for four hours and was conducted in partnership with an association for parents of students with dyslexia (Pluradys.org) suggested by the Académie de Dijon, which recruited the participants. In the first part, the project was presented, and all participants were able to experience embodied XR content. In the second part, participants were invited to share their personal experiences in facing challenges in the educational system. In the last part, participants were recorded in XR, while being asked to give advice to young teachers interested in supporting students with dyslexia.

Refinement of design principles

Using the framework proposed in our research, we consolidated the design principles of the experience by combining information collected in the scientific immersion and refined throughout the empathy immersion and co-design activities. The final version of this document, presented in the Tables IV.6.1 and IV.6.2, was used as a guideline to produce the XR Body Swap experiences.

Step A: Evaluation of empathic needs and best learning methods and XR strategies a) What is the relationship between emoter and observer?

Teachers tend to have theoretical knowledge of the cognitive problems faced by students with DYS.

Even so, they may lack familiarity with this problem (although some students in their class may have DYS they may not be identified/diagnosed with that condition). Moreover, the natural group distinction (teachers-students) with a superior hierarchy of teachers over students may get accentuated by what seems to be a general misunderstanding of the difficulties faced by students with DYS disorders (especially in terms of social and emotional dimensions), which reinforces the distance between student and teacher and perpetuates negative stereotypes against those students.

Ability to be developed: intergroup openness

Catalyst factors that can be explored: nonstereotypical association, intergroup contact in a controlled environment.

Modulators to be activated: increase of familiarity, reduction of negative bias and stereotypes b) How developed is the self-awareness of the observer?

In general terms, teachers are trained to understand the cognitive, social, and emotional developmental stage of their students and are supposed to have high emotion regulation to manage the stress that a classroom situation may create, even if it may not occur all the time in practical terms. But a lack of understanding of the challenges faced by students with DYS interferes in their judgement which negatively affects their behaviour. This process happens without their awareness.

In that sense, some teachers may treat the student in a pejorative way, and even adopt aggressive behaviour towards those students without realizing it.

Abilities to be developed: bodily, emotional, cognitive, and social self-awareness. c) How developed are the empathic abilities of the observer towards the emoter?

The disposition and intention to provide support for the healthy development of students is inherent in the activities of a teacher, so we should consider that teachers tend to have a high motivation to achieve this goal. But this motivation may not be optimally driven in the cases of students with DYS.

Besides the invisibility of the DYS disorder, the main problem of misbehaviour of teachers seems to be related to a lack of awareness regarding the social and emotional impact that non-adapted pedagogies may have in these students' lives.

Abilities to be developed: affective empathy; Table IV.6.2: Evaluation of the environmental conditions for defining goals and strategies for the Project REVE

Production interventions

In the second phase of the pedagogical engineering process, the scripts pre-defined in the previous phase were produced in partnership with three different schools. Participants involved were volunteers who signed (or had their parents sign), in advance, an informed consent describing the project, the goals and the activities. They also authorized the use of the voices and images for the project, without restrictions in terms of media, time or geographical location of reproduction.

Two main approaches were used for producing these XR movies: role-playing for producing docudrama movies and ethnographic approaches. The movies that were generated are available at [https://vimeo.com/digitalbertrand/ReveMovie1],

[https://vimeo.com/digitalbertrand/ReveMovie2] and [https://vimeo.com/digitalbertrand/ReveMovie3].

Role playing approaches: producing docudrama movies

In this method, we invited participants to engage in role playing activities to simulate different situations that transmitted the challenges of students with dyslexia. To do this, teachers and students took part in a workshop in which XR interventions were presented, followed by a discussion and a rehearsal of the role playing envisioned (without recording). This allowed students to engage into deeper reflection on the perspective of these dyslexics, as well as to imagine the situations from the perspective of others such as teachers, bullies, passiveaggressive observers, and individuals who offer support to students with dyslexia. Figure IV.6.3 shows one moment of this workshop during the rehearsal of the recording. In this sequence, we created an alternative variation to situation 1, but from the perspective of a skilful teacher aware of the condition of the student who responds in a different way, leading to different outcomes. The teacher uses adapted material that facilitates reading by students with dyslexia. While the student struggles to read fluently, she congratulates him for the improvements he has made in his capacity to read.

XR Strategies for empathic expressions: proteus effect of embodying a skilful and compassionate teacher who adopts adapted material for DYS, letting participants observe through experiential learning the positive outcomes of adopting these sorts of materials and providing appropriate emotional support for the students.

• Situation 3: out of the classroom In a sequence of three scenes, this situation shows a different student with dyslexia during free time in school with his colleagues. It starts with a game of "hangman" that leads the student to mix up letters and give a wrong answer; his peers make fun of him. The 'making fun' continues in the following scenes in a library and a toilet (that represent different days) escalating into a situation that can be considered a case of bullying. • Situation 4: getting confused and being late for class In this sequence of two scenes, we see the same student with dyslexia from the scene in the library trying to figure out where his classroom is, but being unable to read the school information board. This makes him arrive 30 minutes late for class. Two different endings explore the feelings that can be generated from two different responses from teachers: in one scene the teacher is not aware of the condition of the student and responds angrily, and in another the teacher is aware of his condition and guides the student to a solution to the situation.

XR strategies for empathic expressions: intergroup

XR strategies for empathic expressions: intergroup Body Swap exploring different forms of dyslexia and different forms of impact on the student's life. It also lets participants observe how the positive or negative reaction of a teacher feels, from the perspective of this student.

Ethnography approaches: producing documentary films

Using a completely different approach, this strategy records in first-person perspective a reallife situation lived by students with dyslexia, conducted in two different situations.

• Situation 5: meeting teenagers with dyslexia and parents of dyslexic students Recorded during a workshop of empathic listening, this situation brings a teacher in training to visit an association for parents of students with dyslexia in the region of Dijon. During a meeting with parents of dyslexic students and dyslexic teenagers, it shares some of their traumas, while offering advice for young teachers willing to provide an adapted pedagogy for students with this profile.

XR strategies for empathic expressions: proteus effect of empathy accuracy stimulated through a Body Swap with a teacher in training fine-tuning his understanding of the challenges faced by these students by interacting physically with students and parents themselves, which also aims to raise teachers' familiarity with these students and highlight counter-stereotypical traits.

• Situation 6: providing support for a student with dyslexia and his teacher This content was produced during a whole-day intervention in a primary school, in which one specialized teacher intervened in a regular class to observe and provide support for Baptiste, a young boy with dyslexia, and his teacher. The movie presents several situations that let us observe different difficulties and qualities of this student, as well as the productive and counterproductive actions of his teacherwho in spite of her lack of specialized knowledge demonstrates compassionate behaviour with a great effort made to better understand her student's difficulties.

XR strategies for empathic expressions: proteus effect of a specialized teacher in a real-life contextual situation, attentively observing different details related to one particular child and testing different formats of adaptation to find what best suits him.

Beta-test

The final phase of the project consisted of testing the prototype previously produced. Informal beta-tests were performed throughout the process to observe the users' reactions related to the different situations described in the film. Based on this feedback, we edited two different movies, one which was 10 minutes long and designed to be played on VR headsets, and another of 17 minutes which was designed to be presented on a video screen to allow a group discussion during its screening. Finally, a formal beta-test was structured in the form of a workshop.

Participants were 13 volunteer master's students of teaching in their first year (in the period of doing their internships in schools) from Paris and its surroundings and the intervention was performed in the facilities of Lab110bis at the office of the Ministry of National Education in Paris. The goal of this beta-test was to collect feedback regarding the content and formats for presenting these materials.

After a brief introduction about the goal of the project, participants signed informal consent which had the same structure as that used in previous studies: presenting the goals of the study, the risks of VR, anonymous nature of the data collection and reinforcing the voluntary nature of the workshop. Then, participants were given a sheet of paper and were asked to write down individually their comprehension of the challenges faced by students with dyslexia, and if they believe that they had encountered students with this condition. Next, participants took turns in groups of four individuals to take part in a 10-minute XR experience involving a compilation of Situations 1, 2, 3 and 4. They were asked to write down again what they believed were the challenges faced by students with dyslexia, and also the most remarkable moments of the experience. This was followed by the further content (Movie 2) on a projection screen with a compilation of Situation 6 (intervention in a first-grade class to provide support for a student with dyslexia and his teacher). Instead of using immersive XR, this first-person perspective movie was presented on a projection screen to all users at once. The two main reasons for that were the fact that the performer (Baptiste) moves a lot during the film, which can cause nausea for users with XR headsets when viewing from his perspective; and also due to the fact that this content did not present a 100% ideal situation since it was a real-life situation, susceptible to errors. By watching on a 2D screen, we avoided eventual cases of nausea but also offered participants some distance (non-immersive media) to facilitate a group discussion about "DOs" and "DON'Ts" that was mediated by a specialized teacher. After the film viewing, the group was invited to write down the most remarkable moments of the second movie, and how much the workshop had contributed in addition their prior knowledge. This was followed by a group debrief.

To analyse the written answers, we performed six-step thematic analysis with a realist and theoretical approach, aiming to understand how the workshop affected Cognitive, emotional and Behavioural understanding of the challenges faced by students with dyslexia, and also to identify which scenes better contributed to these effects. The findings are reported in the following subsections. Consciousness of social-emotional challenges arises: after the first experience, we observed that the understanding of teachers regarding the conditions faced by students with DYS disorders was enlarged. Nearly all of participants reported that the experience had expanded their understanding of the social-emotional challenges faced by these students. Some examples of statements related to this theme are:

• "This content made me aware of the problems related to dyslexia, in learning, but also in social relationships and self-esteem: risks of exclusion, mockery, malaise... Incomprehension of what is happening: why is it so difficult for me?"

• "Helped to better understand the 'social' difficulties (with classmates) discussed but not the cognitive difficulties."

• "To better understand the difficulties and anticipate but also to take into account the environment of the student and its impact on the difficulties, self-esteem and the organization of these learning: Need to strengthen self-esteem and in any case to establish a real relationship of trust between peers and between teachers: student.

Reflect on the layout of spaces and learning and set up concrete objectives/steps according to the difficulties"

• "Above all, it made me understand that there is not only one type of dyslexic child (…).

It is therefore especially important to be present for these students and not to be misunderstanding them but rather and above all act with kindness and empathy."

• "Put yourself in the student's shoes to better understand how he or she feels and be fair and caring in exchanges. Highlights the need to identify DYS students (tracking grid) and discuss them both in teams and in the classroom so that the student's difference is beneficial to all" c. Contribution of the workshop (after XR, movie on projection screen moderated by discussion of 'do's and 'don't's)

Cognitive, emotional and behavioural understanding: after all the interventions, when participants were asked about how the session contributed to their overall view of the situation of students with dyslexia, we noticed many expressions related to three important dimensions of empathic capacities: emotional understanding of the situation of these students, cognitive understanding regarding their challenges, and the understanding of how the behaviour of teachers can impact these students.

• Example of statements on cognitive understanding: "Shocking experience! The difficulty is permanent. A true sense of misunderstanding and injustice."; "I broadened my vision of difficulties and what could happen outside of school difficulties, such as discrimination."

• Example of statements on emotional understanding: "I felt a great injustice"; "I was ashamed to be in his skin"; "I felt like I wasn't "normal' but I didn't understand how and why."

• Example of statements of behavioural understanding: "I understand the teacher, in her place I could very well have said 'go ahead, it's easy'... while no, it is not easy..."; "It makes me feel guilty because I've had dyslexic children in my class too, but I haven't set anything up."

d. Triggers for empathic learning

To understand which scenes triggered those responses related to higher empathy regarding the social-emotional challenges faced by students with DYS, we asked about the most striking moments of the two movies.

• For Movie 1 (presented in XR) all the participants felt impacted by the challenge of reading difficulties ("See through the eyes of the student deciphering a sentence"; "Especially when reading a sentence in class; the text that must be heard is not the one that 'I see'" ), and its social impact ("the mockery of the comrades plunges the 'character' into deep isolation, loneliness... other significant moments, situations where the student is 'harassed'". Half of the participants explicitly reported the negative behaviour of the teacher while trying to be exigent ("I was marked by the behaviour of the other students towards him (...) The subject of mockery that he is for others. But also, the teacher's reaction in the first phase.")

• For Movie 2 (presented via video screening) all the participants highlighted at least one of three main aspects: the remarked engagement of the student ("His awareness of his difficulties, his involvement and his investment, the interest and envy he radiates"), his pride in his progress ("Baptiste's pride in presenting his work tool to the whole class." ) and the peers' solidarity ("Non-judgmental listening time during reading", "The gaze of others who are conscious of his difficulties and do not judge it").

Conclusion and next steps for project REVE

We described the design process for a prototype fully developed from concept to beta test over a period of only four months thatbeyond the problematics addressed by itprovides insights regarding the engineering of XR Body Swap pedagogical tools.

A first remark is that the project was generated out of a concrete and urgent problem that was raised by educational actors from the exosystem (Ministry of National Education) to the microsystem (parents). We also highlight that, differently from previous interventions presented in this research, Project REVE has focused on teachers and educators, an audience with high influence in the microsystem (school community) and mesosystem (interaction of students with the microsystem) of schools as well as the students at individual level. Furthermore, our design processes adopted a collaborative approach engaging different actors related to the problematics (non-trained teachers, educators and psychologists specialized in learning disorders, parents and students with dyslexia) not only for the conceptualization of the problem, but also for the design of the solution. The solution was guided by the framework of design principles proposed in our discussion, and in spite of the fact that it needs refinement, it was demonstrated to be useful in theoretical and practical terms. Throughout our interactions with different experts, we observed a great interest in using these XR Body Swap tools integrated in training teachers but also as sensitizing tools for teachers and school communities. This would be possible especially due to the scalable nature of the system: while it can be implemented for several participants at the same time in training centres for teachers, it could also be taken by professionals (specialized teachers and psychologists) who pay visits to schools. The XR stations are portable and can be taken anywhere and could be easily transported from one school to another by professionals from the RASED (specialized support networks for students in difficulty), for example.

Designed for pairs of users (one participant using the XR and another as a guide), XR stations could even be sent to schools for a short period so that teachers could experience them among themselves. That way, one XR station could circulate among several schools, amplifying the reach of the project. It is important that this XR Body Swap content is not used alone, but with pedagogical support that presents theory related to the problematics, proposes adapted pedagogies, promotes discussions for critical reflection, and clarifies doubts from teachers exposed to it. On the one hand, the ideal format for this XR Body Swap intervention is the framework of a course on learning disorders presented by a professional specialized in the topic.

On the other hand, the experience can also work as an entry point for digital courses (e.g.:

Massive Open Online Courses) and digital platforms provided by the Ministry of National Education and Youth with content on learning disorders. It is worthwhile also to highlight that some content could not be experienced via immersive headsets (the ethnographic movie of Baptiste) due to the fact that the character moved too much for the camera and that some of the pedagogical adaptations proposed during the movie shooting were not ideal. On the one hand, a different format of production that is not ethnographic (e.g.: with professional actors and a strict script) would recreate these situations in a more controlled manner in terms of motion of the camera and examples to be exhibited. On the other hand, the restless behaviour of the student is one important piece of information about his profile, and the adaptations proposed that were not necessarily perfect are an example of how in real-life things are not that easy even for trained professionals. This aspect makes the movie relevant for discussion in groups even without immersive headsets. Future research should analyse how a combination of non-immersive firstperson perspective and XR Body Swap can be better improved to provide a holistic tool that addresses different aspects of the training on empathy.

The health crisis caused by Covid-19 has frozen the continuation of this project. Even so, the interdisciplinary group related to Project REVE is applying for funding for its continuation as soon as the health crisis is controlled and it is safe to offer XR experiences to groups. We envision the following steps for this project:

• Running a pilot study with in-depth interviews with experts and teacher instructors to better understand the best way to integrate these pedagogical tools with existing training.

• Prototyping a pilot course that integrates traditional methods (e.g.: lectures, assignments, discussions, and internships) with XR Body Swap interventions and analysing its effects in comparison to video-based content and traditional training.

• Adapting the methodology for the design of pedagogical tools on empathy through XR Body Swap for addressing other topics, such as the inclusion of students with other types of learning disorders or neuro-diversity, and even training professionals in the healthcare domain in empathy towards their patients.

Final conclusions

Since 1948, our society has chosen a universal moral principle that states that all individuals are born with the same rights, regardless of their physical, ideological, cultural, social or ethnic differences (General Assembly resolution 217 A at United Nations General Assembly in Paris on 10 December 1948). But in the same way that individuals with egalitarian goals may struggle to suppress non-empathic behaviours [START_REF] Monteith | Changing one's prejudiced ways: awareness, affect, and selfregulation[END_REF], the world struggles to be deeply committed to this ideal. Our society lives surrounded by walls that separate individuals from each other. That discriminates against groups of individuals due to their social situation, race, gender, origin, ideology, culture and religion. To overcome this absence of intergroup empathy, a society that believes in egalitarian values needs first to be actively aware of inequalities so that we can monitor our judgment of unfairness, and only then act towards controlling it [START_REF] Wegner | Ironic processes of mental control[END_REF]. Even so, while monitoring can be practiced by individuals in a way that does not require deliberative thinking [START_REF] Amodio | Neural signals for the detection of unintentional race bias[END_REF], the control of behavioural expressions requires energy and is extremely difficult in complex situations [START_REF] Gilbert | The trouble of thinking: activation and application of stereotypic beliefs[END_REF][START_REF] Spencer | Automatic activation of stereotypes: the role of self-image threat[END_REF] and requires high motivation [START_REF] Bargh | The automated will: nonconscious activation and pursuit of behavioral goals[END_REF][START_REF] Moskowitz | Implicit volition and stereotype control[END_REF]. Promoting the cultivation of empathy in individuals on a global scale would require, therefore, an immense effort and political will. And educationat global levelwould be able to contribute to this goal, such as intended by the Global Citizenship Education framework (UNESCO, 2014(UNESCO, , 2014(UNESCO, , 2015)). While social emotional learning has valued the role of empathic capacities and even shown its impact on academic performance [START_REF] Klem | Relationships matter: linking teacher support to student engagement and achievement[END_REF], these approaches may fail due to a hostile educational environment found in many schools [START_REF] Durlak | The impact of enhancing students' social and emotional learning: a meta-analysis of school-based universal interventions[END_REF]. Moreover, most countries do not even have a national policy on empathy in their educational curriculum. In the last decade, the concept of empathy has gained great popularity while being largely discussed by the general press, artists, and in several domainscorporate culture, design-thinking, policy making, education and environment [START_REF] Rifkin | The Empathic Civilization: The Race to Global Consciousness in a World in Crisis[END_REF]. The emergence of this idea highlights the urgent need for global-scale action to work towards an empathic culture so we can behave as a society able to recognize itself not as a collection of groups divided by walls, but as a united humanity sharing the same planet and resources.

We do not believe that such a complex challenge can be outsourced to technology, and nor do we agree that any technology can be considered an ultimate empathy machine. The statement that XR technologies can eventually be used as an ultimate empathy machine was made by the artist and producer Chris Milk during a Ted Talk and referred to the potential use of this technology when comparing it to other media. The viral effect of the internet and mass media took this statement out of the context, raising the dangerous idea that the social problem of a lack of empathy could be solved by technology. Indeed, XR enables individuals to experience a visceral perspective taking immersion that can take their bodies and minds to see and live another point of view. But while the experience can help in promoting a better understanding of the difficulties faced by Syrian refugees -as explored by Milk's VR movie Clouds over Sidra we have described how VR could also enhance negative stereotypes through the proteus effect and could eventually be misused for inducing violence [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF] or anti-social behaviour [START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF]. So, on the one hand, the media itself is not an "empathy machine" because inducing empathy depends on the nature of the content that is provided. On the other hand, XR technologies have shown promising effects in terms of reducing implicit biases and enhancing altruistic behaviour even some days or weeks after the interventions (e.g. [START_REF] Banakou | Virtual embodiment of white people in a black virtual body leads to a sustained reduction in their implicit racial bias[END_REF][START_REF] Herrera | Building long-term empathy: A large-scale comparison of traditional and virtual reality perspective-taking[END_REF][START_REF] Neyret | An Embodied Perspective as a Victim of Sexual Harassment in Virtual Reality Reduces Action Conformity in a Later Milgram Obedience Scenario[END_REF][START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. Our research has contributed to this topic by showing that XR Body Swaps offer advantages over videointerventions, showing that they can be implemented in public educational settings and lead to higher intergroup openness (positive bias), higher perspective taking and compassion towards outgroup individuals and higher engagement of students with the thematic of intergroup empathy. We also showed that embodiment and engagement caused by stepping into the shoes of an outgroup in XR is correlated with higher altruistic behaviour and lower negative bias.

Even so, it would be naive to think that XR interventions by themselves can make people more empathic for good and, therefore, heal the world. The instrumentalization of social-emotional capacities requires long-term training, a safe environment, and the development of reflexive think ing [START_REF] Ladd | A cognitive-social learning model of social-skill training[END_REF]Weissberg et al., 1989). These are elements that can only be fully developed through a consistent pedagogy, preferably fully embedded into other disciplines and using a "whole school" approach (Durlak et al., 2011, Collaborative for Academic, Social andemotional Learning, 2005-casel.org;[START_REF] Karagiorgi | Translating Constructivism into Instructional Design: Potential and Limitations[END_REF]. In the same way that XR is discussed as a powerful tool for a new approach in medicine due to its cognitive modelling effects [START_REF] Riva | Embodied Medicine: Mens Sana in Corpore Virtuale Sano[END_REF] it could offer great contributions to embedding empathy into educational systems [START_REF] Oliveira | Virtual body swap: a new feasible tool to be explored in health and education[END_REF].

We also pointed out in our literature review that the relevance of XR is beyond its novelty. It is a media that offers an innovative form of human perceptiona virtual subjectiveness (Pares & Pares 2006)and offers experiences that are impossible in the real world [START_REF] Michalak | Guidelines for Immersive Virtual Reality Experiences[END_REF], besides its effect on automatic attitudes and behaviour [START_REF] Slater | The Ethics of Realism in Virtual and Augmented Reality[END_REF]. Our research has also contributed to reinforcing this relevance by showing its potential to engage students, teachers, and school communities with the topic of empathy.

Taken together, evidence presented in this thesis work has led us to conclude that XR Body Swaps can be used to contribute to empathic capacities and would do it better if integrated with pedagogies that promote empathy capacities. On the other hand, XR Body Swaps can also stimulate the integration of empathy reflexions within traditional educational systems, which could influence the culture of educational environments and policies and help to push society towards a compassionate coexistence. 
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Figure I. 1 .

 1 Figure I.1. One-way Body Swap set up (credit: BeAnotherLab)

Figure I. 2 .

 2 Figure I.2. Body Swap set up for narrative performances (Credit: BeAnotherLab)

Figure I. 3 .

 3 Figure I.3. Body Swap hardware set up of cameras and headsets (Credit:

Figure I. 4 .

 4 Figure I.4. Body Swap set up in shared agency mode (Credit: BeAnotherLab)

Figure I. 5 .

 5 Figure I.5. Library of Ourselves archive of different documentaries in first-person perspective (Credit: BeAnotherLab)

Figure I. 6

 6 Figure I.6.: Guide presenting an experience of the Library of Ourselves to a user (Credit: BeAnotherLab)

Figure I. 7 .

 7 Figure I.7.: Library of Ourselves' hardware (Credit: François-Remy Ringeval)

Figure II. 1 :

 1 Figure II.1: Diagram of process adopted in the thesis work

  These studies are divided into two different stimulus types described in the chapter on Problematics: one study used real-time two-way Body Swap and three studies used prerecorded Body Swap. Each study raised insights and conclusions that led to changes in the stimuli, format of the intervention and experimental design throughout the four enactments here presented. Study 1 explores the use of real time Body Swap in one artistic context offering pairs of participants the possibility to exchange their first-person perspective. It aimed to investigate the correlations of embodiment, emotional state, and empathic phenomena after the interventions;

  7, low values indicating a low overlap and high self-other distinction, high values indicating high overlap between the circles and thus a low self-other distinction (1 = no overlap; 2 = little overlap; 3 = some overlap; 4 = moderate overlap; 5 = strong overlap; 6 = very strong overlap; 7 = nearly complete overlap).The title of the question was: "In the following figure we ask you to consider which of these pairs of circles best describes your relationship with this person". The exact same question was asked right before and right after the intervention.
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  Figure III.1.1.

Figure

  Figure III.1.1. Visualization boxplots of descriptive statistics of embodiment variables

  Figure III.1.4. Visualization boxplots of descriptive statistics of empathy disposition

  Interpersonal distance (related to O.H.6)Median scores for interpersonal distance before (63 cm, range = 15 to 1.57 cm) and after (56 cm, range = 16 to 155 cm) the intervention suggested a descriptive tendency for participants to keep an intimate or social distance[START_REF] Sorokowska | Preferred Interpersonal Distances: A Global Comparison[END_REF] when standing in front of each other right before or right after the intervention. Results are visualized in Figure III.1.5.
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  Figure III.1.5. Visualization boxplots of descriptive statistics of interpersonal distance variables

Figure

  Figure III.1.6. Visualization boxplots of descriptive statistics of self-other overlap variables
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  Figure III.2.1. Scenes from the documentary "Haytham"

Figure

  Figure III.2.2. Independent and dependent variables

  ad-hoc question using an adapted 5-point Likert-scale (without neutral value) about feelings of attachment to French culture: "To what extent do you feel attached to French culture?"French BirthNon-obligatory question asking if participants were born in France with three alternatives: Yes, No, I do not know.

embodiment

  Adaptation and translation into French of questionnaire with 7-point Likert-scale of agreement statements on embodiment (Gonzalez-Franco and Peck 2018), addressing the following main dimensions: attribution, agency, touch location, touch. Answers ranged from 1 standing for "I completely disagree" to 7 "I completely agree". In this assessment, Gonzalez-Franco and Peck condensed questions used in different studies on embodiment into these questionnaires, and until now their article had over 40 citations (computed by Scopus, source: Frontiers).

  Question on perspective-taking state targeted at refugees: "I had put myself in the situation of the refugees in France." E.ConcernGroup Question on empathic concern disposition targeted at refugees: "I felt the desire to help the refugees living in France." altruistic intention Question on altruistic intention to support outgroups (refugees): ad-hoc question inviting participants to volunteer by providing support to a group of refugees living in Paris by answering a questionnaire. Participants were asked if they would like to engage (coded as "Yes" or "No" in the variable Alt.Int.0-1) and how much time they would like to offer (coded as 0, 5, 10, 15 or 20 minutes), which was coded in two different variables (Alt.Int.Time.5-20 that considered only participants who declared the intention to support;and Alt.In.Time.0-20 that considered all participants). High altruistic intention was coded based on the commitment to the maximum amount of time (20 minutes) in the variable Alt.Int.Max. Low altruistic intention was coded based on the commitment to the minimum amount of time (5 minutes) through the variable Alt.Int.Min. The proposition was designed in a way to overcome any barriers related to specific skills or power, discriminating that the support requested would be simple enough for any individual living in France, and that it would not require a big effort. The task was described in the following way: "a group of participants in our research are refugees living in France. They have many questions about French culture. They asked us if someone could help them by answering some of these questions. The questions are usually quite simple and anyone living in France can answer them."

  participants in relation to the interventions (XR or Video). The scale has been widely used in psychology research and other fields such as marketing and advertising (Betella &

  intergroup openness of the No-Stimuli group we used the same assessments as in the XR and Video groups for proximity (IOS) Regarding targeted empathy, we adapted the questions used in the XR and Video groups to refer to an empathic disposition towards refugees in general, instead of a state related to the experience. • -Emp.Affect.Group: question on affective empathy disposition targeted at refugees ("When I think about it, I feel sadness for the refugees regarding their situation"). • • -Cog.Group: question on perspective taking state targeted at refugees • ("I can put myself in the situation of the refugees in France"). • • -E.ConcernGroup: question on empathic concern disposition targeted at refugees ("Sometimes I feel the desire to help the refugees living in France").

  .2.7 and Figure III.2.3, we observed significantly higher scores (p < .001) with a large effect size (rb > 0.5) among participants in the XR group (n = 44) in comparison to the control group (n = 36) on all the main variables of embodiment: Body Attribution, Self-Location, Illusion of Walking, Touch. Median scores are given in Table III.2.8 and indicate positive agreement with the illusion among XR participants and disagreements among the control group participants. Taken together, experience effects confirmed our first specific hypothesis: A.H.1: A combination of low-resources sensorimotor stimuli provided by trained staff can induce embodiment when applied in educational settings.

Figure

  Figure III.2.3. Boxplots for visualisation of embodiment descriptive statistics

  Most of the participants (84.06%, N = 69) demonstrated low or no negative implicit biases towards migrants right after the intervention (IAT d scores higher than -0.35), as visualized in Figure III.2.4. Only two participants reported high negative biases (IAT d scores lower than -0.65). In the boxplots we can visualize d scores from the IAT: negative values stand for negative biases and positive values stand for positive biases.

Figure III.2. 4 .

 4 Figure III.2.4. Boxplots for visualisation of IAT descriptive statistics

  in support to refugees (Alt.Int.Time 0-20), when considering only participants who declared altruistic intention (Alt.Int. we observed a marginal difference with a small effect size. The results showed that the Video group (n=32) stated that they would spend more minutes (Mdn = 15, ranging from 5 to 20) than the XR group (n=40; (Mdn = 10, ranging from 5 to 20). This difference was significant with a small effect size: Mann-Whitney W = 481.00, p=0.062, rb = -0.25. Results are visualized in FigureIII.2.5. 

Figure

  Figure III.2.5. Boxplots for visualisation of descriptive statistics regarding the amount of time offered in relation to altruistic intention

Figure

  Figure III.2.6. Boxplots for visualization of emotional state

  Openness (A.2.) and engagement (B.1 and B.2.) We did not observe any correlation between Intergroup Openness and emotion (B.1) or attention (B.2).

  Among the individuals that committed to altruistic intention (altruistic Intention 5:20), a significant difference was found between the Video (Mdn = 15 ranging from 5 to 20, n = 32) and No-stimuli (Mdn = 10, ranging from 5 to 20, n = 34) groups, although the effect size was ordinary (Video 289.00, p < .001, rb = 0.09). The XR group (Mdn = 10, ranging from 5 to 20, n = 40) did not demonstrate significant differences when compared to No-stimuli (V = 235, p = .043, rb = -0.427).Among the whole sample for each group (whether they committed or not to altruistic intention, variable called altruistic_intention_0:20), there was no significant difference between Nostimuli (Mdn = 10, ranging from 0 to 20, n = 44) and the test group (Mdn = 10, ranging from 0 to 20, n = 44), or when compared to the control group (n = 36, Mdn = 15 ranging from 0 to 20).

  Exploratory observations regarding Goal "C" (feasibility)In this section, we present observations collected during the implementation of the workshops regarding Goal "C" (feasibility): to explore how different XR Body Swap formats of interventions for raising empathic capacities can fit educational settings. To do so, we summarize notes collected by researchers regarding the format of the interventions, their scalability, besides the observed engagement of students and the school community beyond the context of quantitative measures.2.4.3.1. Observations regarding the format of the interventionThe format adopted in Study 2 provides some insights into how Body Swap interventions can be integrated into traditional courses for different disciplines. We observed that the theoretical background of XR Body Swap interventions and its relation to empathy can overlap with different disciplines, such as technology, philosophy, language, civics. For example, some teachers also used the content of the classes and XR interventions in their courses: one teacher of Civics introduced a discussion in her course about the rights of migrants in France, and one teacher of English explored the use of some scientific vocabulary used during our theoretical intervention to raise the interest of the class in her own course.

  seen to be successful in involving teachers from different disciplines around the same project, under the approval and supervision of school direction, demonstrating a high potential for the engagement of the school community. What initially started as one intervention in two classes, expanded to reach a total of eight classes. The educator of the CDI (school library) played an important role in engaging other teachers and the school director, besides providing support for the logistics. This highlighted the strategic role of the CDI as a facility that could host and promote XR Body Swap tools in partnership with other teachers.

  Documentary with first-person perspective of one Syrian refugee living in Paris. proteus effect of compassionate avatar, intergroup contact with counter-stereotypical information of an individual with no disadvantaged condition).Experimental design methodRandomized control test between subjects; comparison to medians of No-Stimuli group (non-parametric method); exploratory observation.Knowledge createdXR Body Swap effects on higher positive implicit bias and higher engagement. Primary practical contribution Studies implemented in 2018 and 2019 engaged teachers from two schools in integrating XR Body Swap in their activities and engaging in new developments for experiences addressing local contexts.

  implemented and tested the first enactment of the XR Body Swap interventions integrated into the program of a mid-high school, engaging different teachers from different disciplines. Designed as a workshop for teenagers of the school, the interventions were composed of theoretical classes and XR Body Swap experiences. Quantitative measures focused on the effects of the XR Body Swap interventions, comparing their effects to a different media (2D video) and to the No-Stimuli group. The results indicated that the test intervention was efficient in inducing embodiment illusion and higher levels of engagement (higher pleasure, arousal, interest in the experience and feelings of being part of the story). We observed a general ceiling effect indicating a high empathy towards migrants or refugees across the three groups which was possibly caused by the high familiarity of the population to individuals of migrant origin.

  Moreover, we tested the intervention in a different educational context. This Study 3 consisted of interventions at the Public Library of the Centre Pompidou (BPI) hosting a visit of students from the College Beaumarchais in the 11 th district of the city of Paris. The visit was proposed by the BPI which has eight stations for the system Library of Ourselves. To organize the large number of individuals in a short period of time, the class was divided into two groups. While one group visited the Library, the other group had the XR experience. All the participants performed all the activities proposed (control and test condition with their respective measures, and the visit to the library).

  Figure III.3.1.

Figure

  Figure III.3.1. Dependent and independent variables

  Cognitive empathy targeted at the individual "I could put myself in the perspective of Yaya Cisse." E.Help.Ind Empathic Concern targeted at the individual "I felt the desire to help Yaya." E.ConcernGroup Empathic Concern targeted at the group:

  require a big effort. The invitation was formulated in the following way: "The virtual reality content presented today has been produced in partnership with different collectives seeking to promote the work of a 19th century association supporting adolescents in social housing. Would you like to support them by receiving a short survey to be completed within a week? The survey is a simple questionnaire that can be answered by anyone living in France". Participants could accept the invitation or not and decide how much time they would like to contribute (from 5 to 20 minutes). altruistic intention was coded in the same way as it was in the previous study, through the variables: Alt.Int.0-1, Alt.Int.Time5-20 (considering only participants that declared intention to support), Alt.Int.Time.0-20 (considering all of the participants), AltInt.Max (considering participants who declared the intention to support for 20 minus) and Alt.Int.Min (considering participants who committed to the minimum amount of time possible (5 min).

  same set of questions from Study 2 regarding emotional State (Pleasure and Arousal) and attention (Interest in the Experience and feeling Part of the Story).

Figure

  Figure III.3.2. Boxplots for visualization of descriptive statistics of embodiment variables (XR condition)

  Figure III.3.3 and descriptive statistics are reported in TableIII.3.10.

Figure

  Figure III.3.3. Boxplots for visualization of self-reported empathy variables

  part of the story and higher interest in the experience. Statistics were, respectively: W = 128.5, p =.012, rb = 0.68; W = 130, p = < .001, rb = 0.912; W = 210, p = < .001, rb = 1; W = 55, p =.002, rb = 1. Descriptive statistics are reported in

Figure

  Figure III.3.6. Boxplots for visualization of test between first versus second Video trial

3. 4 . 4 .

 44 Qualitative observation of implementationsIn this section, we present observations collected during the implementation of the workshops regarding Goal "C" (feasibility): to explore how different XR Body Swap formats of interventions for raising empathic capacities can fit educational settings. As in the previous study, we summarize the notes collected by researchers regarding the format of the interventions, their scalability, and the observed engagement of students and schoolteachers beyond the context of the quantitative measures.

  2018 and 2019 engaged teachers from two schools in integrating XR Body Swap in their activities and engaging in new developments of experiences addressing local contexts. The implementation and analysis of the effects of these new contents were frozen due to the global health crisis caused by Covid-19.

B

  ) engagement (explore how XR interventions can engage students' attention in a thematic related to empathy). To clarify the questions raised throughout the last two studies regarding the effects of XR Body Swap interventions on the main dependent variables, we defined the following hypotheses related to A1. Experience effects (embodiment and precision); A.2. intergroup openness (proximity and implicit bias); A.3. Empathic expressions (altruistic intention and behaviour); and B.1. engagement (feeling part of the story).

  same set of questions from Studies 2 and 3 for emotional State (Pleasure and Arousal) and Feeling Part of the Story (for engagement).

4. 4 . 1

 41 Interpretation of descriptive statistics and comparisons to previous studies A1. Experience effects As presented in Figure III.4.1 and Table III.4.6, median scores and variances indicate a general positive agreement with affirmations related to embodiment when compared to the theoretical median (4 in a 7-point Likert scale), except for agency over the avatar and his movements. As expected, participants perceived the visuotactile interactions as having high precision, with a median of 5 on a 5-point Likert scale.

Figure III. 4

 4 Figure III.4.1. Boxplots for visualization of descriptive statistics of experience effects variables

  Although the populations for Study 4 (young adults) and Study 3 (teenagers) were different, both used the same content, and we compared precision and body attribution to observe eventual differences since in Study 4 we used highly trained guides, and in Study 3 we were at the other extreme with non-trained guides. The results indicate no significant difference in precision (V = 176.00, p = .075; Mdn for Study 3 = 4), nor Passive.Touch (V = 85.00, p = .172; Mdn for Study 3 = 5), and a difference on the borderline of significance for body attribution (V = 75.00, p = .03), with a strong effect size (rb = -0.7) indicating lower embodiment in Study 4 (Mdn = 5

Proximity

  Median scores demonstrated a neutral to positive proximity with groups of Afro-descendant individuals when compared to the theoretical median: Mdn = 4, ranging from 1 to 7 on a 7point Likert Scale and variance = 3.458, as depicted in Figure III.4.2.

Figure

  Figure III.4.2. Boxplot for visualization of descriptive statistics for proximity

  0.237. Almost half of the participants (45.16%, N = 31) had negative bias above a moderate level (d score < -0.35) and 35.48% (N = 31) had high negative bias (d score < -0.65), as presented in Figure III.4.3 and Table III.4.7.

Figure

  Figure III.4.3. Boxplots for visualizations of descriptive statistics of Implicit Bias (IAT) and moderate/high negative implicit bias (IAT -)

  .4.9 and visualized in Figure III.4.5, show that participants exposed to XR interventions demonstrated positive pleasure, and felt part of the story and neutral arousal, when comparing these variables to their theoretical medians.

Figure III. 4 . 5 .

 45 Figure III.4.5. Boxplots for visualizations of descriptive statistics of engagement variables

Figure

  Figure IV.3.1: Highlighted significant differences observed in the comparative studies 2 and 3.

Figure

  Figure IV.3.2: Highlighted significant correlations between empathy-related ad experience related variables, observed in Study 4.

  Study 2 we observed that both interventions (Video and XR) had a positive effect on cognitive empathy when compared to the No-stimuli group, and that only the XR stimuli led to lower affective empathy (expressed as feeling sad for the situation of refugees) than the No-Stimuli group. Although future research should explore this aspect further, we argued that the comparison to the No-stimuli group was not reliable since this population did not receive any type of information to contextualize outgroups, that in our stimuli had a better social condition than Syrian refugees seen commonly on the streets of Paris in a very precarious condition. That could explain the higher cognitive empathy (a clearer understanding of the point of view of a character) and lower affective empathy (the precarious situation of refugees begging for money in the streets of Paris are far more sad than the story of Haytham presented in the documentary).

  Environmental catalysts: socio-emotionally safe environment with a sense of belonging and cohesion; educators as facilitators.Modulators: instrumentalized capacity for emotion recognition and regulationExamples of learning methods: present attention, relaxing and self-scanning methods for interoceptive awareness.Possible XR strategies: presence (place and plausibility illusion); Interoceptive feedback to stimulate relaxation. c) How developed are the empathic abilities of the observer towards the emoter? Abilities: affective empathy; cognitive empathy; empathy accuracy; compassion; altruism.Environmental catalysts: real-world case-based and contextual knowledge.Modulators: instrumentalized capacity of distinction of emotions from self and other.Examples of learning methods: ludic role-

Figure

  Figure IV.6.1: XR experience on dyslexia presented through a beta-test for educators (photo credit: BeAnotherLab)

  in the traditional training of teachers. The group was led by the digital handicap department of the Ministry of National Education and composed of the Ministry's innovation lab (Lab 110bis), the Académie of Dijon, the INSHEA (Institut national supérieur de formation et de recherche pour l'éducation des jeunes handicapés et les enseignements adaptés) and FFDYS (Fédération

Figure

  Figure IV.6.2: Interdisciplinary co-creation workshop (photo credit: BeAnotherLab)

  activated: emotion regulation in stressful conditions or under cognitive overload, which could be trained through simulations.Examples of learning methods: role-playing.Possible XR strategies: multi sensorimotor first-person perspective taking inducing proteus effect of compassionate and prosocial avatars.

Figure

  Figure IV.6.3: Production workshop for role-playing activity at mid-high school (photo credit: BeAnotherLab)

Figure IV.6. 4 :

 4 Figure IV.6.4: Scene from the XR Body Swap movie produced during the roleplaying activity in the classroom (photo credit: BeAnotherLab)

  Body Swap exploring the persistence in time of the social emotional challenges faced by these students, that extends beyond the context of a classroom and may escalate into more serious social problems. Two scenes of this situation can be seen in Figure IV.6.5.

Figure

  Figure IV.6.5: Scenes from the XR Body Swap movie produced during the roleplaying activity out of the classroom (photo credit: BeAnotherLab)

  a. Prior understanding of teachers related to challenges faced by dyslexic students Awareness of the cognitive challenges of dyslexia: all the participants knew previously what dyslexia was, and the main cognitive challenges related to it. There was no spontaneous mention regarding the social-emotional challenges faced by this profile of students. "Difficulties reading, imagining the letters of the alphabet. Difficulties in the training of written letters. Confusion of phonemes." "These students have problems reading, often dyslexia is associated with dysgraphia. About letter recognition, some are more problematic than others (p-q/b-d). The more spaced the words or lines are, the easier it is for these children. This can lead to attention disorders or school drop-out." "Dyslexic students have visuospatial processing problems. Problems with memorization, identification of certain letters, confusion." "Learning difficulties in reading ⇒ Difficulties of understanding resulting from it. Difficulties in collecting letters. Other "DYS" disorders that may be related." "Difficulties in discriminating between letters. The order of letters in a word is sometimes mixed up leading to an extra effort for reading and comprehension." b. Understanding of teachers related to challenges faced by dyslexic students after XR experience (movie 1)
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  Virtual Reality; Extended Reality; Embodiment; Body Swap; Body

	Title: XR Body Swap pedagogical tools for empathy: Interdisciplinary
	design and implementation of Extended Reality (XR) learning experiences
	for improving empathic capacities
	Ownership Illusion; Socio-emotional Learning; Empathy; Empathic Capacities; Perspective
	taking; Compassion; Altruism; Training; Pedagogical Engineering.

  analysed self-reported effects of mindfulness training comparing interventions focusing on present attention, perspective taking, and compassion motivated practices. The results showed that the present attention training was able to significantly increase ratings in self-reported mindfulness, but not improve reports of perspective taking and compassion. Conversely, interventions focusing on perspective taking and compassion enhanced subjects' self-reported ratings in all three domains. Specifically, the compassion motivated practice revealed the broadest effects, leading to enhanced abilities in present attention, perspective taking, compassion, and self-compassion, showing the great potential of cultivating compassion mind states to enhance empathy-related abilities. Another study by

[START_REF] Klimecki | Functional neural plasticity and associated changes in positive affect after compassion training[END_REF] 

tested the behavioural and neural effects of one single six-hour training session on compassion-based therapy. The results showed an increase in positive affect, even in response to others' suffering. The phenomenon was observed in brain areas related to positive evaluation

Table I

 I 

	.1 summarises highlighted concepts related to Body Ownership Illusion presented in this
	subsection.

To Be Another: One artistic exploration of low-budget XR Body Swaps designed to promote empathy-related phenomena

  María Martín, 2016. EL PAÍS.. Tribuna | A máquina que me converteu em um garoto da Cidade de Deus;..

	specific protocols of interaction for inducing a Full Body Ownership Illusion in users through of deep reflection towards performers, pointing to the potential use of this type of experience
	different stimuli: visuomotor and visuotactile synchrony, spatial audio, and eventually stimuli as an embodied technology for social interaction.
	such as wind and smell. The system also provides narratives constructed in a process of
	empathic listening for real-life stories. Available at: https://brasil.elpais.com/brasil/2016/11/14/politica/1479132694_581507.html [Accessed July
	"The Machine" holds a Creative Commons non-commercial Share Alike license and was 06, 2020].
	designed to be highly scalable, using the most low-budget hardware possible. Over the years, it ** TV GloboNews, Cristina Aragao, 2017. News Festa Literária das Periferias e filme de Oliver Stone são
	destaques culturais da semana -GloboNews -Jornal GloboNews -Catálogo de Vídeos (2016). Available at: has been presented in over 30 countries in a wide variety of contexts (artistic, cultural, http://g1.globo.com/globo-news/jornal-globo-news/videos/t/videos/v/festa-literaria-das-periferias-e-filme-
	educational, academic, social activism, etc.) collecting an impressive amount of user feedback de-oliver-stone-sao-destaques-culturais-da-semana/5443787/ [Accessed July 06, 2020].
	through informal in-depth interviews, group discussions, and written reports of users in several *** Souppouris, A., 2014. The Verge . Virtual reality made me believe I was someone else. The Verge.
	different contexts. Taken together, these anecdotal data point to the power of the system to Available at: https://www.theverge.com/2014/3/24/5526694/virtual-reality-made-me-believe-i-was-
	engage users in empathic states. The project offers different technological variations allowing someone-else [Accessed July 06, 2020].
	great flexibility to address different topics and contexts, and to work with different local In the following section, we describe different variations of The Machine to Be Another, as it
	communities and individuals. Even so, little scientific research has been conducted with "The has evolved through time to address different inter-individual and intergroup conditions as well
	Machine" as stimulus. The flexibility and scalable nature of this system, aside from the gap on as to achieve higher levels of scalability of multisensory and motor stimuli.
	scientific studies using it, were the main reasons for choosing it as a stimulus for analysing the
	effects of XR technologies for the promotion of empathic capacities beyond laboratory settings. C.6.1. One-way Body Swap: Interactive performance that lets
	The Machine to Be Another has been adapted for different technical setups, installations, and one user swap bodies with one performer in real time
	performances, and customised for different contexts. All these sets have been used to present This version offers a telepresence embodied experience in real time with full body agency, in
	real narratives from different individuals. Over eight years, the group has presented several which participants see themselves in the body of another person in Virtual Reality headsets
	performances from individuals such as: asylum seekers in a detention centre in Israel, a veteran controlling a first-person camera on a performer, that copies, in real time, the movements of
	from the war in Iraq, an African migrant in Spain or victims of police brutality in Brazil. These participants.
	narratives are created by the performers themselves, reporting their personal view regarding
	Inspired by this interdisciplinary scientific background, together with the art collective several issues -from social stigma faced by them to stories of forgiveness. These presentations
	BeAnotherLab (BeAnotherlab.org), Bertrand has created one artistic system that uses XR Body have taken experiences based on concepts of Body Ownership Illusion to a wide range of
	Swaps focusing on empathy, called The Machine To Be Another (Bertrand et al., 2014; de audiences outside the context of a lab, enabling them to experience the perspective of another
	Oliveira et al., 2016; Sutherland, 2014). Starting as a Master's thesis in Digital Arts in 2012, human being in the routine of their lives while attending cultural events. The novel use of first-
	"The Machine" was created as a tool to promote empathy-related expressions outside person perspective video, low-budget technology, and the use of real stories is possibly the main
	laboratories. The project has evolved into different versions and applications. It uses conceptual difference between this artistic work and many other lab studies. Designed with a
	telepresence to allow users to see themselves in the body of other human beings (captured by low-budget approach, the system has several limitations in comparison to lab studies of
	video). By offering participants a multi-sensory and motor experience in immersive headsets, embodiment, such as: use of monoscopic camera, constrained field of view, and lower
	it lets users see themselves in the first-person perspective of another individual, being able to resolution due to the quality of the hardware used (initially Oculus Rift Dk2). Even so, the group
	move their head and body, and feel realistic touch sensations in synchrony with the image that has collected anecdotal evidence from user statements, many of them reporting in the press (EL
	they see. This telepresence system was built using a combination of software, hardware and PAIS*; TV GloboNews**; The Verge***). In users' statements, subjects reveal the sparking

*

Potential strategies for building XR Body Swap learning interventions for empathy

  

	Section (B), we listed different frameworks, pedagogies, and training methods for In the previous chapter we described different interrelated empathic abilities as well as a major
	highlighting empathic abilities outside the domain of embodied virtual reality. This summary challenge for contemporary societies: expressing intergroup empathy. We also presented
	of strategies for promoting empathic capacities aims to provide insights into the design of new Highlighted Cognitive Empathic Intergroup Emotional different pedagogical and training approaches focused on promoting empathy that can offer
	training methods using XR technologies, but most of all, it draws our attention to the optimal conditions for this learning to occur, from which we highlight: long-term training, a whole-empathy capacities to Empathy Concern Openness Regulation insights regarding the ideal conditions and stimuli that can be offered to stimulate intergroup Chapter II: empathy. Moreover, we presented different XR Body Swap strategies that can be used to
	school approach and a safe socio-emotional environment for learners. It also shows that the be cultivated promote empathy and also a low-resources XR Body Swap solution that could amplify the reach
	challenge of promoting empathy should go beyond the training of students and must include the engagement of the whole school community. While some frameworks or pedagogies (like Catalyst factors for Focusing on education beyond traditional curriculum, embracing XXI-century major challenges; adopting a variety of formats: school-wide, cross-curricular, of these technologies. Finally, we demonstrated how these findings could be integrated into the Problematics & Research creation of educational interventions that make use of XR technologies to promote empathic
	Global Citizenship Education, Social-emotional-Learning and Constructivism) give us examples of how to do this, different training methods point to straight-forward actions that can be implemented as extra-curricular enriching activities, without the need for changing the implementatio embedded in specific disciplines, stand-alone subjects, non-formal education. capacities. In fact, the main goal of the work of this thesis is to evaluate the potential impact of XR Body Swap interventions on empathy-related capacities when implemented in educational Approach n settings on a large scale. This raises the need to address four main aspects: (a) the research
	traditional curriculum. Catalyst Adopting a whole school-community approach; offering consistency throughout approach; (b) the research problem through its main goals and hypotheses; (c) the XR Body
	factors for	a long-term training; stimulating reflexive thinking; educators as facilitators;
	In Section (C), we described the specificities of different XR technologies and defined the enhancing real-world, case-based learning; safe environment; cooperative tasks; integration Definition of problematics and research approach for characteristics of XR Body Swaps, which our work is focused on. Then, we discussed how XR Body Swaps can be induced, the illusions and effects that they can generate, and how to use of cognitive, socio-emotional and behavioural learning; instrumentalising learning learners to identify and manage their own emotions, motivations, decisions, and the implementation and evaluation of XR Body Swaps
	them to increase empathy capacities especially targeting outgroups. Beyond the novelty of XR social relations. as pedagogical tools for empathy
	itself, we have shown how Body Swaps can help in providing a multi-sensorial and motor Insights from Ludic perspective Relaxation and Non-judgmental Mindfulness for
	perspective taking experience of intergroup encounters that would not be possible in real life. training taking compassion self-scanning; anxiety
	These factors show that embodied technologies could push educational methods of empathic methods stimuli controlled; safe
	capacities to a new level. While most of the research on XR Body Swaps is focused on environment that
	interventions in laboratory settings with high-end technology, we gave examples of low-favours positive
	resource solutions that can be implemented, envisioning a large-scale solution in real-life contact; shared
	educational settings.	group identity
	Taken together, the three sections of this chapter provide insights into different strategies that Potential EXR XR Body Swap Proteus Effect Intergroup Body Biofeedback or
	avatars empathy capacities that can ultimately lead to prosocial expressions such as altruism. These taking compassionate can be implemented to design XR Body Swap interventions focused on learning intergroup Strategies for perspective through Swap relaxation stimuli
	strategies are condensed in Table I.2.
	In the following chapters, we will explore how low-resource and scalable XR Body Swap Table I.2: Summary of abilities, educational and XR Body Swap strategies related
	interventions using those features can be implemented in public educational settings as learning to empathy learning
	tools for empathy, in addition to analysing and discussing their effects.

statistics of empathy disposition variables

  

		Mean	Mdn	Std. Dev.	Var.	Shap. Wilk	P Shap. Wilk	Min.	Max.
	Emp.affect	4.02	4	1.11	1.24	0.80	< .001	1	5
	Emp.cog	3.99	4	0.83	0.68	0.79	< .001	2	5
	Note1: n = 96.								
	Note2 Abbreviations: Var = variance; Shap.Wilk = Shapiro Wilk; P Shap.Wilk = P-value for Shapiro Wilk;	
	Min.= minimum value; Max. = maximum value; Mdn = Median				
	Table III.1.9: Descriptive statistics of empathy disposition variables			

4. Visualization boxplots of descriptive statistics of empathy disposition variables Descriptive

(IOS and Distance)

  Median scores for pleasure indicated a positive mood before and after the interventions (above 4 on a Likert scale of 7 points for pleasure) and arousal moving from positive (before the

	Variables	Mean	Mdn	Std. Dev.	Var.	Shap. Wilk	P Shap. Wilk	Min.	Max.
	Enjoyability	6.03	6	0.97	0.94	0.83	< .001	3	7
	Pleasure before	3.54	4	0.99	0.99	0.90	< .001	1	5
	Pleasure after	4.32	4	0.75	0.56	0.72	< .001	1	5
	Pleasure delta	0.78	1	1.22	1.50	0.92	< .001	-4	4
	Arousal before	3.56	4	0.98	0.96	0.89	< .001	1	5
	Arousal after	3.13	3	0.91	0.83	0.89	< .001	1	5
	Arousal delta	-0.44	0	1.17	1.36	0.93	< .001	-4	2
	Note1: n = 96.								
	Variables	Mean	Mdn	Std. Dev.	Var.	Shap. Wilk	P Shap. Wilk	Min.	Max.
	IOS before	4.65	5	1.62	2.63	0.93	< .001	1	7
	IOS after	3.4	3	1.75	3.06	0.97	< .001	1	7
	IOS delta (how closer)	-1.25	-1	3.136	9.832	0.96	0.006	-6	6
	Dist. before (cm)	63.74	62.8	34.57	1195.12	0.95	< .001	15.1	157.4
	Dist. after (cm)	59.24	56.4	26.52	703.44	0.94	< .001	16.3	154.7
	Dist. delta (closer in cm)	4.49	1.8	23.42	548.46	0.97	0.035	-42.1	61
	Note1: n = 96.								

Note2 Abbreviations: Var = variance; Shap.Wilk = Shapiro Wilk; P Shap.Wilk = P-value for Shapiro Wilk; Min.= minimum value; Max. = maximum value; Mdn = Median

Table III.1.10: Descriptive statistics of interpersonal empathy variables

c. Engagement (related to O.H.8) intervention) to neutral after the intervention. Median scores for enjoyability and variance also demonstrate that the experience was enjoyable for most of the participants. Results are presented in Figure III.1.7 and Table III.1.11.

Figure III.1.7. Visualization boxplots of descriptive statistics of engagement variables Descriptive statistics of engagement variables Note2 Abbreviations: Var = variance; Shap.Wilk = Shapiro Wilk; P Shap.Wilk = P-value for Shapiro Wilk; Min.= minimum value; Max. = maximum value; Mdn = Median Table III.1.11: Descriptive statistics of engagement variables 1.5.3 Effects of the interventions: comparisons within subjects

Descriptive Statistics: Body Attribution, Out-of-Body, Control

  

	Variable	Mean	Mdn	Std. Dev.	Var.	Shap. Wilk	P Shap. Wilk	Min	Max
	Emb.Attribution	4.88	5	1.66	2.76	0.89	< .001	1	7
	Emb.Out.of.Body	5.17	5	1.53	2.35	0.87	< .001	1	7
	Emb.2Bodies	4.25	4.5	1.85	3.43	0.92	< .001	1	7
	Note1: n = 96.								
	Note2 Abbreviations: Var = variance; Shap.Wilk = Shapiro Wilk; P Shap.Wilk = P-value for Shapiro Wilk;
	Min.= minimum value; Max. = maximum value; Mdn = Median				
	Table III.1.12: Descriptive statistics of test/control questions			
	b. Empathy: interpersonal distance			

signed-rank paired samples test: pre-post measures

  , swap of the country of birth, migrant origin swap, dominant hand swap); and the differences between pre and post interventions (delta) of the dimensions (emotional state, IOS scale and interpersonal distance).

	Variable 1.5.4.1. Correlations within dimensions Mean Mdn Std.Dev Var. Shap. Wilk	P Shap. Wilk	Min.	Max.
	Pleasure. Before a. Embodiment 3.54	4	0.99	0.99	0.90	< .001	1	5
	Pleasure. After Embodiment dimensions 4.32	4	0.75	0.56	0.72	< .001	1	5
	Arousal. Before Testing operational hypothesis O.H.1.: The perceptions of Body Attribution, Self-Location and 3.56 4 0.98 0.96 0.89 < .001 1 5
	Arousal. After	3.13	3	0.91	0.83	0.89	< .001	1	5
	IOS. Before	4.65	5	1.62	2.63	0.93	< .001	1	7
	IOS. After	3.40	3	1.75	3.06	0.93	< .001	1	7
	Distance. Before (cm)	63.74	62.8	34.57	1195.12	0.95	< .001	15.1	157.4
	Distance. After (cm)	59.24	56.4	26.52	703.44	0.94	< .001	16.3	154.7
	Note1: n = 96.								
	Measure 1			Measure 2	W	p		Rank-Biserial Correlation
	Pleasure.Before	Pleasure.Afer	283.5	< .001	-0.74	
	Arousal.Before	Arousal.After	1623	< .001	0.47	
	IOS.Before			IOS.After	2644.5	< .001	0.45	
	Distance.Before (cm)	Distance.After (cm)	2710	0.163	0.16	
	Table III.1.14: Descriptive statistics of measures taken in pre/post measures within
	subject								
	1.5.4 Correlation of post and pre/post measures		

Note2 Abbreviations: Var = variance; Shap.Wilk = Shapiro Wilk; P Shap.Wilk = P-value for Shapiro Wilk; Min.= minimum value; Max. = maximum value; Mdn = Median Table III.1.13: Descriptive statistics of pre/post measures

Wilcoxon

Here we present a correlational analysis that was conducted between variables measured only after the experience (embodiment, and empathy disposition); demographic profile of the pair (gender swapagency related to an XR Body Swap positively correlated with each other and with the feeling of being 'out of the body' when participants see their real body from a third-person perspective: higher or lower scores on one variable are correlated with respectively higher or lower scores on others.

Correlations of embodiment Variables Variable Emb. Attribution Emb. SelfLocation Emb. agency Emb.SelfLocation

  Testing operational hypothesis O.H.2.: Pairs of participants who swap bodies report a stronger perception of agency and self-location when they adopt a balanced alternated agency dynamic.

	Balanced alternated agency dynamic		
	Spearman's rho	0.40 ***	-	
	p-value	< .001	-	
	Spearman's rho	0.46 ***	0.5 ***	-
	Emb.Agency			
	p-value	< .001	< .001	-
	Spearman's rho	0.31 **	0.36 ***	0.3 **
	Emb.Out.of.Body			
	p-value	0.002	< .001	0.003
	* p < .05, ** p < .01, *** p < .001			
	Table III.1.15: Spearman's correlations of embodiment variables	

.1.15.

Spearman's

Correlations between empathy and embodiment

  

						Confirming our
	hypothesis O.H.5, higher scores on affective empathy demonstrated a moderate size correlation
	with higher scores for embodiment in all dimensions. But contradicting our hypothesis O.H.6,
	among variables of embodiment, only feeling out of the body was correlated with cognitive
	empathy, and only with a small effect. Results from these correlations are reported in Table
	III.1.16.					
	Spearman's Variable	Emb. Attribution	Emb. SelfLocation	Emb. Agency	Emb. Out.of.Body
	Emp.	Spearman's rho	0.4 ***	0.45 ***	0.48 ***	0.37 ***
	Affect	p-value	< .001	< .001	< .001	< .001
	Emp.	Spearman's rho	0.04	0.09	0.13	0.23 *
	Cog	p-value	0.736	0.389	0.209	0.029

* p < .05, ** p < .01, *** p < .001 Table III.1.16: Spearman's correlations between empathy and embodiment variables

•

  In relation to Goal "C" (feasibility), we wanted to see how to integrate training for empathy using XR technologies in schools in France. Besides the lack of empathy training in the curriculum, in general, schools are not equipped with XR devices or laboratories. To implement these interventions, school teachers needed to be engaged, willing to offer time in their own classes for theoretical and practical workshops related to XR and empathy, while we needed to provide equipment that could host a whole class. To do so, the empathy training with XR technologies should demonstrate relevance for teachers and require an optimal logistics solution to fit the time schedule of students and teachers.

	To address Goal "A" (efficiency), we assumed the three following specific hypotheses:

• A.H.1: In a specific educational setting, a combination of low-resources sensorimotor stimuli* provided by trained staff induce embodiment. * Low-resources sensorimotor stimuli stands for a combination of: congruent first-person realistic images with monoscopic cameras; visuomotor head agency synchrony under 3 degrees of freedom and 235 o of field of view; visuomotor body synchrony with reversed agency; and visuotactile stimuli not necessarily in perfect synchrony.

  Participants were 9th grade students of Collège Victor Hugo, in Creteil in the suburbs of Paris aged 13 to 15 years old. Participants who were not exposed to any stimuli (No-stimuli group), but were only included for data collection accounting for observation of medians scores of the No-Stimuli group were 8th graders from the same school, aged 12 to 14 years old.For XR and Video groups, there was no significant difference, nor moderate or large effect size vimeo.com/digitalbertrand/HaythamEN]), whose images are shown in the Figure III.2.1. The movie tells the real story of a young Syrian refugee man living in France. Haytham is a young bachelor student of Mathematics living in France. Born in Syria, he migrated to France after having his family pursued by the Syrian regime. In this 10-minute-long documentary, the movie presents his personal narrative of this character that embeds a higher social status than stereotypical associations generated by, for example, the presence of Syrian refugees seen in everyday life bagging in the subway of Paris. Throughout the movie, the character remembers, with compassion for his peers, the struggle in his country (reporting also cases of torture of adolescents) that led him to flee with his family to Paris. It also emphasizes how he was warmly welcomed in France for which he expresses profound gratitude, providing scenes in which he has positive interactions with his friends in France. Although the character

	2.3.1. Participants
	2.3.2. Materials
	a. Stimuli

tendencies, between groups regarding group identity (French x Migrants). Among XR and Video groups, almost all of the participants (99.5%, N=80) were born in France; more than half of the participants (56.96%, N=79) had migrant origin; most of participants who answered this question declared themselves to be attached to French culture, with a median of 4 on a Likert scale of 5 points without a neutral answer (n=60); almost half of the sample who answered about familiarity (46.67% out of 60) reported to have refugee friends.

For the No-stimuli group, all of the participants were born in France and 53.49%

(23 out of 43) 

had migrant origins; most of participants who answered questions related to migrant origin and familiarity (n = 40) declared themselves to be attached to French culture (Mdn = 4, ranging from 1 to 5, variance of 1.881) and 44% stated that they had refugee friends (n = 36). Five students from No-Stimuli group were excluded from data analysis due to typing errors in the Id code that did not allowed us to link data from questionnaires and the IAT. Six participants from the Video group and fiver participants from XR failed to complete the IAT test due to technical problems and their answers for this measure were coded as "NA".

The content presented to the XR and Video groups was the documentary from the Library of Ourselves called Haytham (an English version of the movie is available at [https://narrated some memories of war and violence, this was done with a certain distance without experiential stimuli that could trigger intense emotions (e.g.: there is no visual/experiential representation of the situations of war). The ending of the movieexalting his gratitude for French egalitarian valueswas also created to stimulate emotions of positive valence. The narrative also explored an intimate view of the character by showing glances of his relationship with his grandmother whom he will never see again. In that sense, the movie aimed to address different strategies presented in Chapter I: intergroup body swap, proteus effect of compassionate avatar, positive intergroup contact, and countering stereotypical information.

  .2.5:

	Measures of engagement: B1. Emotional state
	Standardized psychometrics
	emotional state
	related to the
	experience

Table III

 III 

	.2.6: Measures for No-stimuli group

Independent Samples Mann-Whitney test (test-group versus control-group) for embodiment variables

  

	Variable	W		p	Effect Size (rb)
	Emb.Attr	1378.5		< .001	0.74
	Emb.Walking	1249		< .001	0.58
	Emb.Location.Hand	1421.5		< .001	0.79
	Emb.Touch-obj	1409.5		< .001	0.78
	Table III.2.7: Comparative statistics (test x control group) for embodiment
	variables: statistics, significance, and effect size		
	Descriptive Statistics for embodiment variables
	Variable	Group	Median	Minimum	Maximum
	Emb.Attr	XR Video	5 2	2 1	7 6
	Emb.Walking	XR	5	2	7
		Video	2	1	7
	Emb.Location.Hand	XR Video	6 2.5	1 1	7 7
	Emb.Touch-obj	XR	6	1	7
		Video	2	1	6
	Table III.2.8: Descriptive statistics for embodiment variables: statistical
	significance and descriptive statistics			

Table III

 III 

	Variable	Group	Median	Minimum	Maximum
		XR	5.5	1	7
	Emp. Cog.Group				
		Video	5	2	7
		XR	6	3	7
	Emp. Affect.Group				
		Video	6	3	7
		XR	5	1	7
	Emp. Concern.Group				
		Video	6	3	7
	Altruistic intention				

.2.9: Descriptive statistics for self-reported empathy variables

Table III .

 III 2.11 presents statistics of significant correlations above a moderate effect.

	Spearman's

Correlations of self-reported empathy variables

  

	Variable		Emp.Cog. Group	Emp.Affect. Group
	Emp.Affect.Group	Spearman's rho p-value	0.47 < .001	***	--	
	Emp.Concern.Group	Spearman's rho p-value	0.52 < .001	***	0.56 < .001	***

* p < .05, ** p < .01, *** p < .001 Table III.2.11: Correlations within A.3. empathic expressions Correlations within engagement (B.1 and B.2)

Spearman's Correlations B1 x A.1 Variable Emb Attribution Emb. Self.Location Emb. Touch.

  Table III.2.13.

						Precision	
	Pleasure	Spearman's rho	0.36 ***		0.34 **		
		p-value	< .001		.002		
	Arousal	Spearman's rho	0.36 ***	0.37 ***	0.36 ***	0.35	*
		p-value	< .001	< .001	< .001	.004	
	* p < .05, ** p < .01, *** p < .001					
	Table III.2.13: Correlations between B1 and A1			
	Correlations between experience (A.1) and attention (B.2.)		

  Table III.2.16: Spearman's correlation of variables for Goal "A" for No-stimuli

	Variable		Proximity	Emp. Cog. Group	Emp. Affect.Group	Emp. Concern. Group
	Emp.Cog.Group	Pearson's r p-value	0.401 ** 0.007	--		
	Emp.Affect.Group	Pearson's r p-value	0.105 0.496	0.379 ** 0.011	--	
	Emp.Concern.Group	Pearson's r p-value	-0.015 0.924	0.377 ** 0.012	0.749 *** < .001	--
	Alt.Int.Max (0-1)	Pearson's r p-value	-0.151 0.327	0.103 0.504	0.248 0.105	0.313 * 0.038
	Alt. Int.Time (0:20)	Pearson's r p-value	-0.018 0.908	0.131 0.395	0.366 * 0.015	0.373 * 0.013
	* p < .05, ** p < .01, *** p < .001				

Table III

 III 

.2.17: Highlights of Study 2

  .3.7, median scores and variances indicate a high proximity with migrants in both conditions, being the maximum score after the Video condition.

		Descriptive statistics of proximity		
	Variable	Condition	Valid	Missing	Median	Variance Minimum Maximum
	proximity.IOS	XR	35	5	6	1.617	3	7
		Video	31	9	7	3.426	1	7
	Table III.3.7: Descriptive statistics of proximity			
	Implicit bias							

  Table III.3.8: Comparisons of IAT between Study 3 and medians from Study 2

		Descriptive statistics of IAT (Studies 2 and 3)t	
			Valid	Median	min.	max	variance
		XR	38	0.034	-0.662	0.483	0.078
	Study 2	control	30	-0.131	-0.731	0.535	0.091
		No-stimuli	44	-0.177	-0.0815	0.557	0.099
	Study 3	IAT XR	17	-0.059	-0.504	0.371	0.06
	(first trial						
	only)	IAT Video	19	-0.104	-0.619	0.633	0.127
	Table III.3.9: Descriptive statistics of IAT (Studies 2 and 3)		

variables Descriptive statistics of engagement variables

  Table III. 3.11 and visualized in Figure III.3.4.

	Variable	Condition	Valid	Missing	Median Variance	Min.	Max.
	Pleasure	XR Video	35 31	5 9	4 3	1.20 1.05	1 1	5 5
	Arousal	XR Video	35 31	5 9	3 3	1.32 1.06	1 1	5 4
	PartOfStory	XR Video	35 32	5 8	4 2.5	0.90 1.4	1 1	5 5
	Int.Exp (1-5)	XR Video	35 31	5 9	4 4	0.44 0.30	3 3	5 5
	Table III.3.11: Descriptive statistics of engagement variables		
	3.4.3. Results between groups (first versus second
	trial)							

Figure III.3.4. Boxplots for visualization of engagement

statistics of variables with significant difference between 1st and 2nd trial as XR

  

	Variable	Trial XR	Valid	Missing	Median	Variance Minimum Maximum
	Emb.Ag.	1st	19	0	3	3.58	1	6
	control_XR	2nd	16	5	5	1.47	3	7
	Arousal_XR	1st 2nd	19 16	0 5	3 4	1.02 1.45	1 1	4 5
	Part_of_	1st	19	0	3	0.81	1	4
	Story_XR	2nd	16	5	4	0.67	3	5
								III.3.5, and
	descriptive statistics are reported in Table III.3.12				

Figure III.3.5. Boxplots for visualization of variables with significant differences in test between first versus second XR trial Descriptive

Table III

 III 

.3.12: Descriptive statistics of variables with significant differences when comparing first versus second XR trial

Table III

 III 

	Variable	Trial XR	Valid	Missing	Median	Variance Minimum Maximum
	Pleasure_ Video	1st 2nd	21 10	0 9	3 4	1.09 0.711	1 2	5 5

.3.13: Descriptive statistics for first versus second Video trial

  Correlations of experience effects were only considered after XR interventions (answers for these questions in the Video conditions were coded as "NA").

							1.; A.2. and B.1.)
	considering each condition (XR and Video) as different outputs. We first report correlations
	between	XR	and	Video	outputs	(e.g.:	Cog.empathy.Charcter_XR	versus
	Cog.empathy.Charcter_Video), and secondly correlations among different variables of the
	same condition within the same dimension (e.g.: Cog.empathy.Charcter_XR versus
	Desire.toHelp.Character_XR). Correlation within experience effects (A.1)	

Variable Precision Emb. Attribution Emb. Ag.control Emb. RevAg Emb. Touch

  

	Emb.	Spearman's rho	0.56 ***	-			
	Attribution	p-value < .001		-			
	Emb.Ag.control	Spearman's rho p-value	0.50 .002	**	0.59 *** < .001	--		
	Emb.RevAg	Spearman's rho p-value	0.19 .277		0.22 .206	0.37 .030	*	--
	Emb.Touch	Spearman's rho p-value	0.41 .016	*	0.74 *** < .001	0.44 ** .009	0.27 .113	--
	Order XR	Spearman's rho p-value	0.27 .117		0.09 .601	0.42 .013	*	-0.15 .389	-0.05 .774

* p < .05, ** p < .01, *** p < .001 Table III.3.14: Correlations within experience effects (A.1) Correlations within intergroup openness (A.2)

  .3.15, among variables collected after the XR condition the only significant correlation (p < .01) observed was between cognitive emapthy and desire to help the character. Cognitive empathy toward character and empathic concern toward the group indicated a moderate effect correlation on the borderline of significance.

	Variables	Spearman's rho	p
	Emp.Cog.Character_XR	EmpConcernGroup_XR	0.41*	.013
	Emp.Cog.Character_XR	Emp.Help.Character_XR	0.49**	.003
	* p < .05, ** p < .01, *** p < .001			
	Table III.3.15: Correlations within empathic expressions (A.3)	

Spearman's Correlations within Empathic expressions (A.3)

s Correlations engagement XR versus Video

  

		Variables	Spearman's rho	p
	Pleasure_XR	Pleasure_Video	0.46 *	.018
	Arousal_XR	Arousal_Video	0.51 **	.009
	Int.Exp_XR	Int.Exp_Video	0.65 ***	< .001
	PartOfStory _XR	PartOfStory _Video	0.45 *	.017
	* p < .05, ** p < .01, *** p < .001		
	Table III.3.16: Correlations within engagement (XR versus Video)	

.3.16, rho (rs) 

scores indicate correlations of moderate effect for pleasure and feeling part of the story and of strong effects for arousal and interest in the experience.

Spearman'

Table III

 III 

	.3.17.
	Spearman's

Correlations emotional State versus attention (XR)

  

	Variable		Arousal_XR	Int.Exp_XR
	Int.Exp (1-5)_XR	Spearman's rho p-value	0.39 * 0.019	--
	PartOfStory _XR	Spearman's rho	0.6 ***	0.69 ***
		p-value	< .001	< .001

* p < .05, ** p < .01, *** p < .001 Table III.3.17: Correlations within engagement (emotional state versus attention)

s Correlations within Video condition between empathic expressions (A.3.) and attention (B.1)

  

		Variables	Spearman's rho	p
	PartOfStory _Video	Emp.Cog.Character_Video	0.69 ***	< .001
	PartOfStory _Video	EmpConcernGroup. _Video	0.53 **	0.002
	PartOfStory _Video	Alt. Int.Time (0-20)_Video	0.51 **	0.003
	* p < .05, ** p < .01, *** p < .001		
	Table III.3.23: Correlations within the Video condition between empathic
	expressions (A.3.) and attention (B.1)		
	Correlations with group identity moderators		
	Variables	Spearman's rho	p
	Int.Exp (1-5)_XR	Emp.Cog.Character_XR	0.56 ***	< .001
	Int.Exp (1-5)_XR	Alt.IntMax_XR	0.41 *	.016
	PartOfStory _XR	Emp.Cog.Character_XR	0.49 **	.003
	* p < .05, ** p < .01, *** p < .001		
	Table III.3.22. Correlations within the XR condition between empathic expressions
	(A.3.) and attention (B.1)		
	After the Video condition, we observed a strong effect correlation between feeling part of the
	story and: cognitive empathy towards the character, empathic concern towards the group, and

self-reported amount of time offered in helping behaviour. Results are presented in the Table

III

.3.23.

Spearman'

Table III

 III 

.3.25: Highlights of Study 3

  Questionnaires of self-reported measures and a dual-category implicit association test related to race were given through a laptop computer. Besides the main stimuli, all of participants were presented with another different XR experience not related to migration nor to the story of Yaya: the first-person perspective of a woman in an interview during a consultation at the gynaecologist, that explores how uncomfortable this experience can be. In this extra XR content, there were no physical interactions and participants were asked to stay

	still	the	whole	time	(English	version	of	the	movie	available	at
	[https://vimeo.com/digitalbertrand/FemalePerspective]).					

  one new dimension of touch (active touch felt in the virtual hand by a real object). All questions were adapted from the same source used in Studies 2 and 3 (Gonzalez-Franco and Peck,

	2018). Questions of embodiment used a 7 point-Likert scale of agreement with affirmations related to
	each variable.	
	Emb.Attr.	
	Emb.Active	Feeling hand touching virtual object (new): feeling of the real hand actively touching
	Touch	virtual objects: "I felt like my hand was touching the virtual objects."
	Emb.Passive	Feeling of touch passively caused by real objects touching the virtual hand (as in
	Touch	Studies 2 and 3): "It was as if the touch I felt was caused by objects touching the
		virtual body.

body attribution (as in Studies 2 and 3): perception that the virtual body was the real one: "I felt that the virtual body seen in first-person was my own body."

Emb.Ag.control agency with control over the avatar (as in Study 3): feeling of control over virtual body:"I felt like I could control the virtual body as if it were my own."

Emb

.Ag.Mov agency with control over movements (new question): feeling of control over virtual body's movements, which the stimuli itself did not stimulate: "The movements of the virtual body were caused by my movements." Emb.Rev.Ag. reversed agency (as in Study 2): feeling of having the body controlled by a virtual body: "I had the impression that the movements of the virtual body were influencing my own movements." Emb.Self-Location self-location during touch (as in Study 2): to assess proprioception, we inquired about the feeling that the virtual hand's location corresponded to the physical body's location: "I felt my hand touching the spot where my virtual hand touched". " Table III.4.2: Measures of experience effects

  only considered those who engaged; and Alt.Beh.Time.0-20, that considered all of the participants. Finally, binomial variables discriminated all individuals by defining if they completed the whole survey or not (Alt.Beh.Max), and if they filled out only the first block of the survey or not (Alt.Beh.Min).

Descriptive statistics of Experience Effects variables

  

	Variable	Median	Variance	Minimum	Maximum
	Precision	5	0.93	1	5
	Emb. Attr.	5	2.91	1	7
	Emb. Self-Location	6	0.96	3	7
	Emb. Ag.control	3	3.23	1	7
	Emb. Ag.Mov	2	0.76	1	4
	Emb. Rev.Ag	5	1.78	2	7
	Emb. Passive Touch	5	2.66	1	7
	ºEmb. Active Touch	5	2.29	1	7
	Note: N=31				

Table III .

 III 4.6: Descriptive statistics of experience effects variables

Table III

 III 

	4.4.2 Correlation analysis based on pre-defined hypotheses
	4.4.2.1.	Test	of	hypotheses	related	to	(A.1.)
	Embodiment						
	• Test of hypothesis H.1.: Regarding embodiment, in a pre-recorded XR Body Swap,
	higher body attribution is correlated to all aspects of agency (reversed agency, agency
	.4.9: Descriptive statistics of engagement variables		

  While the main topic of the XR Body Swap workshops we implemented was intergroup empathy, as we reported previously, if well planned it can overlap with many other English and Civics during Study 2), during the process, observed opportunities to be explored in their classes and performed small changes in their planning; while others (i.e.: of technology, in Study 3) made drastic changes to their curriculum planning by committing six classes exclusively to exploring a continuation of what started out as a single intervention, to address the humanistic and empathic perspective of technology. Furthermore, one educator of the CDI (from Study 2) dedicated a reasonable amount of time to interacting with our team to contemplate new workshops that the school library could offer to students and teachers interested in engaging in the creation of a new XR experience. The engagement of these actors suggests that highly scalable versions of these pedagogical tools must also contemplate structured pedagogical training and guidelines that point out different ways that XR Body Swap experiences can be further explored by different disciplines.Future enactments of our research should contemplate how to provide this training for teachers not only on technology, but on empathy and the link between empathy and their own disciplines. Moreover, it should consider a "user manual", generated after a structured collaborative approach that engages teachers from different disciplines. This document could work as a wiki-guideline proposing different dynamics that can maximize the potential of these technologies for the development of empathic capacities, and to the incorporation of the discussion of empathy into different disciplines and local contexts.

	disciplines: learning about neural processes in science classes, writing essays about personal
	emotions in language classes, discussing citizens' rights in civics and duties, exploring
	discussions on ethics, learning about technology or even the mathematical models behind this
	technology. But an XR Body Swap tool alone is not enough if teachers are not guided on how
	to use them and to maximize their potential.

During our studies, the integration of XR Body Swap interventions within teacher's activities was performed in an informal and embryonic way. Some teachers (i.e.:

  And indeed, XR technologies could contribute to that process. But to do so, we should not present these Body Swaps as standalone interventions, but instead use them as a tool to support pedagogical content for educators in their in-class activities, or in enrichment activities. In other words, it should be used as a pedagogical tool, and not considered as an ultimate empathy machine.The implementation of the workshops presented in Studies 2 and 3 have indicated that this goal is logistically feasible. We tested two different formats of interventions, managing to overcome important logistical obstacles related to offering the experience to a vast number of participants simultaneously in a short period of time. Furthermore, most of the time spent in these interventions was dedicated to the assessment of individual effects. As previously discussed, if we envision using these interventions outside the context of scientific analysis, the time used for data collection could be replaced by a debrief of the experience between pairs of participants and with the support of the educator. In fact, this format would seem more appropriate for a pedagogical intervention, because it would allow the power of the XR Body Swap interventions for the training of empathy to be maximized through discussions in classes and the integration of concepts related to empathy within teachers' disciplines. Future enactments of this research should contemplate the development and analysis of a training method for empathy that includes XR Body Swap as one of the tools, and not the only tool, adopted to support the development of empathy.During our research, which includes beta tests performed before the studies presented here, we proposed different formats to facilitate the adoption of this technology according to different needs. For example, Study 2 explored the integration of these interventions in traditional curricula for different disciplines inside schools, while Study 3 proposed experiences outside the school that were accessed by classes led by a teacher, but also could be explored by independent groups of students in extracurricular activities. The workshops for creating XR experiences on bullying in college Victor Hugo (from Study 2) took place as an activity held by the school library (CDI) during break time for students. In fact, enriching activities may be the easiest way to reduce the energy cost for implementing innovative methods of social emotional learning, since they do not require teachers or students to change the methods they are using, allowing them to test and explore empathic interventions with XR without any sort

d. Offering a flexible portfolio of formats

  .3.1 we listed four different formats of pre-recorded XR Body Swap that we explored across studies and beta-tests during our research, that aims to provide optimal logistics solutions regarding the use of hardware (how many devices can be used at once), spaces (what is the most appropriate location for the XR intervention) and length (how much time it will consume in a course or in terms of free time). It also describes how many participants each format supports, the duration, ideal number of teachers and facilitators, where to perform them and how to debrief after them.

	Suggested formats for pre-recorded XR Body Swap interventions	
	TYPE	Partici-pants & Length	T e a c	F ac ta ili	Format	Where	Debrief format ual Individ-Group	Hard ware *
			h	to					
			e	rs					
			r						
			s						
	Single	14	1	1	Guided XR	Class-	individual	Pair and	07 XR
	Interven-	students			interventions for	room	question-	moderated	stations
	tion for	for 50			pairs of		naire	group	for pairs
	half-class	minutes			participants (guide			discussion	of users
					x user)				
	Single	28	2	2	Alternate: cultural	Livre	Individual	Pair and	07 XR
	Interven-	students			centre visit & XR	D'or	question-	moderated	stations
	tion for a	for 120			interventions for		naire or	group	for pairs
	full class	minutes			pairs of		pair	discussion	of users
					participants (guide		discussion		
					x user)				
	Stan-	2	0	1	XR interventions	CDI	Writing	Pair	01 XR
	dalone	students			for pairs of	(School	individual	discussion	station
	XR	for 30			participants (guide	Library	impres-	facilitated	
	stations	minutes			x user) during	)	sions	by	
	for pairs				students' free time			educator	
	of users								
	*Note: 1 XR station includes 1 tablet, 1 XR headset, 1 wireless headphone and 1 wired headphone.	

Table IV .

 IV 3.1: Different formats for XR pedagogical interventions
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	5.
	.4.2: Framework for the definition of goals and strategies for XR body
	Swap interventions

General conclusions, implications, and next steps of this research

  Evidence collected throughout the enactments of our research demonstrates that body ownership illusions can be effectively produced by XR Body Swap systems using lowresources multisensory stimuli, which can raise the engagement of participants and provide great potential for high scalability. Moreover, these types of systems can be used to present contents related to real stories of characters representing outgroups and, in that way, positively affect empathic expressions like intergroup openness, self-reported empathy towards other individuals and altruistic behaviour. Even so, as we consider that the context of the interventions has a direct impact on its implementation and evaluations, future research is recommended to confirm findings from each study in a targeted context. Moreover, we recommend that future research ideally adopts behavioural evaluations, rather than relying only on self-reported questionnaires, combined with qualitative assessments that can provide more subtle information about the effects of these interventions. Furthermore, possible effects are likely to be more evident when tapping into intergroup empathy issues that are more critical in each context.

	Besides that, to provide support for the instrumentalization of empathic responses, especially
	considering mid-high school students, we argue that XR Body Swap stimuli should not be
	contemplated as a stand-alone intervention. Instead, it should be used as a pedagogical tool
	incorporated into broader programs focused on empathic capacities, that offer time, space and
	instrumentalize facilitators to promote a deeper discussion related to the experience presented,
	engaging not only students but the whole school community. In that sense, both interventions
	conducted among mid-high school students (Studies 2 and 3) have been demonstrated to spark
	the interest of teachers and students towards exploring more deeply the concept of intergroup
	empathy under a thematic that is closer to their reality (i.e.: bullying and cyberbullying). This
	fact, together with an overall ceiling effect of intergroup openness observed in both studies in
	mid-high school students, led us to question our choice of intergroup categorization to address
	intergroup empathy. I other words. maybe empathy towards refugee and migrant individuals
	was not necessarily a critical social problem among this diverse group that we assessed,
	although it may be relevant issue if we consider a national or European perspective.

  While this type of training system is suitable for raising teachers' awareness of visible motor and/or sensory disorders, it is much more difficult to simulate learning disorders such as dyslexia. The "Project REVE" was designed to fill this gap, by providing teachers with a perspective on the cognitive, social, and emotional learning challenges faced by students with dyslexia through XR Body Swap experiences that can be used to sensitize teachers and eventually be incorporated into their training.

Empathic

training is offered through courses delivered at the INSHEA for specialist teachers, in which trainers offer different interventions to raise empathy for students with disabilities: spending a day blindfolded, moving in a wheelchair, carrying out scientific experiments with inappropriate equipment. These situations make teachers aware of the difficulties that students face and help them to consider special educational needs. They also encourage the development of appropriate pedagogical responses: like the use of digital materials and resources, videos, relays, sites, MOOC, etc.

  Modulators to be activated: self-awareness of the behaviour in response to students with DYS.

					Catalyst factors that can be explored: mental
					scanning,	role	playing,	narrative-based
					perspective taking.
	Possible learning methods to be explored:	Possible XR strategies: presence illusion in
	real-world	case-based	simulations	that	simulated environments presenting different
	demonstrate unconscious negative behaviour of	situations faced by students regarding students
	teachers that are not aware of DYS challenges or	with DYS; seeing teachers with negative
	presenting stressful conditions where teachers	behaviour from third-person perspective.
	can practice more controlled behaviour.		

Table IV
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.6.1: Evaluation of empathic needs and best learning methods and XR strategies for the challenge of Project REVE

Step B:

Evaluation of the environmental conditions for defining goals and strategies Pedagogical Challenges Pedagogical Goals Goals for XR Body Swap Tools Strategies for XR Body Swap Tools

  

	In many cases,	To		stimulate	To provide an accessible	Intergroup Body Swap:
	teachers do not	teachers to offer	and easy advocacy tool	allowing teachers to step
	understand, nor do	emotional support	for immersive		into the shoes of students
	they provide	to	students	with	perspective taking		facing cognitive, social,
	appropriate support	dyslexia.			related to cognitive,		and	emotional
	for students, while					social, and emotional		challenges, and also
	sometimes they					challenges faced by		seeing from a third-
	adopt an					students with DYS.		person perspective how
	aggressive								it feels to interact with an
	behaviour.								unconsciously
									aggressive teacher.
	In many cases,	To break negative	To present counter-		Proteus	effect	of
	teachers think	stereotypes	that	stereotypical		empathy	accuracy:
	students are 'lazy'	students		with	information reinforcing		adopting the perspective
	or do not work hard	dyslexia do not work	the resilience and		of observers (teachers
	enough.	hard.				hardworking side of		and	parents)	who
						students with dyslexia.		observe and value a
									student's hard work.
	In many cases,	To engage teachers	To simulate situations of	Proteus	effect	for
	teachers are	towards	inclusive	trained	teachers	in	pedagogical	skills:
	resistant to adopt	practices to address	classrooms to practice the	adopting the perspective
	adapted	students		with	implementation of adapted	of	skilful	teachers
	methodologies.	dyslexia.			pedagogies.		applying	pedagogical
									methods adapted for a
									student's needs.
	Every student with							
	DYS has different							
	needs, and							
	adapted solutions							
	are not the same							
	for every student.							

Assumption checks of normal distribution Shapiro-Wilk Test for Bivariate Normality

  

	Gender Female Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.Before	-Dist.Delta.closer(cm) -Emb.Out.of.Body -NationSWAP -NEITHER leading or following % -Arousal.After -Arousal.Before -Arousal.Change -Only FOLLOWING % -IOS.Before -IOS.After	0.972 0.927 0.815 0.885 0.971 0.963 0.925 0.971 0.987 0.908	0.036 < .001 < .001 < .001 0.034 0.008 < .001 0.032 0.444 < .001
	Gender Female Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.Before	-Dist.Change -Emb.2Bodies -OriginSwap -Shared Agency (BothOrNeither value) -Arousal.Delta -Arousal.After -Emb.Attribution -Balanced Leading (40<x<60) -IOS.After -IOS.Delta.Closer	0.827 0.956 0.827 0.914 0.981 0.946 0.971 0.936 0.983 0.908	< .001 0.003 < .001 < .001 0.174 < .001 0.031 < .001 0.234 < .001
	Fench Birth Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.Before	-Migrant Origin -Only LEADING % -HandSwap -SHARED AGENCY >50 -Arousal.Change -Arousal.Delta -Emb.SelfLocation -Balanced Following (40<x<60) -IOS.Delta.Closer -IOS.Change	0.35 0.978 0.776 0.823 0.929 0.953 0.911 0.934 0.99 0.92	< .001 0.112 < .001 < .001 < .001 0.002 < .001 < .001 0.671 < .001
	Fench Birth Fench Birth Migrant Origin Migrant Origin Gender Swap Gender Swap NationSWAP NationSWAP Pleasure.Before Pleasure.Before Pleasure.Delta Pleasure.Delta Arousal.Before Arousal.Before Arousal.Delta Arousal.Delta BOTH leading and following % BOTH leading and following % IOS.Before IOS.Before Study 2:	Assumption checks -Right Hand -Gender Swap -Only FOLLOWING % -Balanced Leading (40<x<60) -Enjoyability -Pleasure.Before -EmpAffect -EmpCog -Emb.Attribution -Emb.SelfLocation -Arousal.Change -Emb.Attribution -Emb.Agency -Emb.Out.of.Body -BalancedAgency -BOTH leading and following % -IOS.Change -Distance.Before (cm) -Distance.Before (cm) -Distance.After (cm)	0.484 0.747 0.977 0.829 0.901 0.94 0.862 0.881 0.971 0.916 0.957 0.956 0.942 0.926 0.955 0.98 0.959 0.954 0.97 0.963	< .001 < .001 0.094 < .001 < .001 < .001 < .001 < .001 0.033 < .001 0.022 0.003 < .001 < .001 0.002 0.151 0.009 0.002 0.025 0.009
	Fench Birth Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.Before	-NationSWAP -Balanced Following (40<x<60) -Pleasure.Afer -IOS.Before -Emb.Agency -Emb.SelfLocation -Emb.2Bodies -NEITHER leading or following % -Distance.After (cm) -Dist.Delta.closer(cm)	0.739 0.839 0.847 0.953 0.967 0.958 0.987 0.982 0.954 0.99	< .001 < .001 < .001 0.002 0.015 0.004 0.49 0.216 0.002 0.68
	Fench Birth Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.Before	-OriginSwap -BalancedAgency -Pleasure.Delta -IOS.After -Emb.Out.of.Body -Emb.Agency -Only LEADING % -Shared Agency (BothOrNeither value) -Dist.Delta.closer(cm) -Dist.Change	0.475 0.846 0.935 0.951 0.953 0.932 0.987 0.974 0.986 0.948	< .001 < .001 < .001 0.001 0.002 < .001 0.457 0.049 0.376 0.004
	Fench Birth Migrant Origin Gender Swap NationSWAP Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta BOTH leading and following % IOS.After	-HandSwap -BOTH leading and following % -Pleasure.Change -IOS.Delta.Closer -Emb.2Bodies -Emb.Out.of.Body -Only FOLLOWING % -SHARED AGENCY >50 -Dist.Change -IOS.Delta.Closer	0.651 0.953 0.733 0.97 0.925 0.957 0.982 0.951 0.948 0.908	< .001 0.002 < .001 0.029 < .001 0.003 0.204 0.001 0.004 < .001
	Fench Birth Fench Birth Fench Birth Fench Birth Fench Birth Fench Birth Fench Birth Fench Birth Fench Birth Migrant Origin Migrant Origin Migrant Origin Migrant Origin Migrant Origin Migrant Origin Migrant Origin Migrant Origin Migrant Origin Gender Swap Gender Swap Gender Swap Gender Swap Gender Swap Gender Swap Gender Swap Gender Swap Gender Swap NationSWAP NationSWAP NationSWAP NationSWAP NationSWAP OriginSwap OriginSwap OriginSwap OriginSwap Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Before Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Pleasure.Delta Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Before Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta Arousal.Delta NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % NEITHER leading or following % IOS.After IOS.After IOS.After IOS.After IOS.After IOS.Delta.Closer IOS.Delta.Closer IOS.Delta.Closer IOS.Delta.Closer Study 1: Variable A Fench Birth Migrant Origin Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Delta NEITHER leading or following % IOS.Delta.Closer Fench Birth Migrant Origin Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change NEITHER leading or following % IOS.Change Gender Female Fench Birth Migrant Origin Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change NEITHER leading or following % IOS.Change Gender Female Fench Birth Migrant Origin Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change Shared Agency (BothOrNeither value) IOS.Change Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change Shared Agency (BothOrNeither value) IOS.Change Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change Shared Agency (BothOrNeither value) Distance.Before (cm) Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change Shared Agency (BothOrNeither value) Distance.Before (cm) Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.Before Arousal.Change Shared Agency (BothOrNeither value) Distance.Before (cm) Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Distance.After (cm) Gender Female Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Before Pleasure.Delta Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Distance.After (cm) Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Gender Female Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Delta Arousal.Before Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Arousal.Before Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.Delta Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpCog Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP HandSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Emb.Attribution EmpAffect Migrant Origin Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change EmpAffect Fench Birth Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand NationSWAP OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change SHARED AGENCY >50 Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Change Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Fench Birth Right Hand Gender Swap OriginSwap Pleasure.Afer Pleasure.Delta Arousal.After Arousal.Change Shared Agency (BothOrNeither value) Dist.Delta.closer(cm)	-Enjoyability -Pleasure.Before -Pleasure.Afer -Pleasure.Delta -Pleasure.Change -Arousal.Before -Arousal.After -Arousal.Delta -Arousal.Change -NEITHER leading or following % -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -EmpAffect -EmpCog -IOS.Before -IOS.After -IOS.Delta.Closer -IOS.Change -Arousal.Before -Arousal.After -Arousal.Delta -Arousal.Change -Emb.Attribution -Emb.SelfLocation -Emb.Agency -Emb.Out.of.Body -Emb.2Bodies -IOS.Change -Distance.Before (cm) -Distance.After (cm) -Dist.Delta.closer(cm) -Dist.Change -HandSwap -Enjoyability -Pleasure.Before -Pleasure.Afer -Only LEADING % -Only FOLLOWING % -Balanced Leading (40<x<60) -Balanced Following (40<x<60) -BalancedAgency -BOTH leading and following % -NEITHER leading or following % -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -Emb.2Bodies -Only LEADING % -Only FOLLOWING % -Balanced Leading (40<x<60) -Balanced Following (40<x<60) -BalancedAgency -BOTH leading and following % -NEITHER leading or following % -Shared Agency (BothOrNeither value) -Balanced Leading (40<x<60) -Balanced Following (40<x<60) -BalancedAgency -BOTH leading and following % -NEITHER leading or following % -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -EmpAffect -EmpCog -EmpAffect -EmpCog -IOS.Before -IOS.After -IOS.Delta.Closer -IOS.Change -Distance.Before (cm) -Distance.After (cm) -Dist.Delta.closer(cm) -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -EmpAffect -EmpCog -IOS.Before -IOS.After -IOS.Delta.Closer -IOS.Change -Distance.Before (cm) -IOS.Change -Distance.Before (cm) -Distance.After (cm) -Dist.Delta.closer(cm) -Dist.Change -IOS.Change -Distance.Before (cm) -Distance.After (cm) -Dist.Delta.closer(cm) Variable B -Emb.Attribution -Distance.Before (cm) -Only LEADING % -Pleasure.Delta -EmpAffect -SHARED AGENCY >50 -IOS.Before -Dist.Change -Distance.After (cm) -Dist.Change -Emb.SelfLocation -Distance.After (cm) -Only FOLLOWING % -Pleasure.Change -EmpCog -EmpAffect -IOS.After -Emb.Attribution -Dist.Delta.closer(cm) -Distance.Before (cm) -Fench Birth -Emb.Agency -Dist.Delta.closer(cm) -Balanced Leading (40<x<60) -Arousal.Before -IOS.Before -EmpCog -IOS.Delta.Closer -Emb.SelfLocation -Dist.Change -Distance.After (cm) -Migrant Origin -Emb.Out.of.Body -Dist.Change -Balanced Following (40<x<60) -Arousal.After -IOS.After -IOS.Before -IOS.Change -Emb.Agency -SHARED AGENCY >50 -Dist.Delta.closer(cm) -Right Hand -Emb.2Bodies -Gender Swap -BalancedAgency -Arousal.Delta -IOS.Delta.Closer -IOS.After -Distance.Before (cm) -Emb.Out.of.Body -EmpAffect -Dist.Change -Gender Swap -Only LEADING % -NationSWAP -BOTH leading and following % -Arousal.Change -IOS.Change -IOS.Delta.Closer -Distance.After (cm) -Emb.2Bodies -EmpCog -Distance.After (cm) -NationSWAP -Only FOLLOWING % -OriginSwap -NEITHER leading or following % -Emb.Attribution -Distance.Before (cm) -IOS.Change -Dist.Delta.closer(cm) -Only LEADING % -IOS.Before -Dist.Delta.closer(cm) -OriginSwap -Balanced Leading (40<x<60) -HandSwap -Shared Agency (BothOrNeither value) -Emb.SelfLocation -Distance.After (cm) -Distance.Before (cm) -Dist.Change -Only FOLLOWING % -IOS.After -Dist.Change -HandSwap -Balanced Following (40<x<60) -Enjoyability -SHARED AGENCY >50 -Emb.Agency -Dist.Delta.closer(cm) -Distance.After (cm) -Arousal.Delta -Balanced Leading (40<x<60) -IOS.Delta.Closer -Dist.Delta.closer(cm) -Enjoyability -BalancedAgency -Pleasure.Before -EmpAffect -Emb.Out.of.Body -Dist.Change -Dist.Delta.closer(cm) -Arousal.Change -Balanced Following (40<x<60) -IOS.Change -Dist.Change -Pleasure.Before -Pleasure.Afer -Pleasure.Delta -Pleasure.Change -Arousal.Before -Arousal.After -Arousal.Delta -Arousal.Change -Emb.Attribution -Emb.SelfLocation -Emb.Agency -Emb.Out.of.Body -Emb.2Bodies -Only LEADING % -Only FOLLOWING % -Balanced Leading (40<x<60) -Balanced Following (40<x<60) -BalancedAgency -BOTH leading and following % -NEITHER leading or following % -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -EmpAffect -EmpCog -IOS.Before -IOS.After -IOS.Delta.Closer -IOS.Change -Distance.Before (cm) -Distance.After (cm) -Emb.Agency -Dist.Change -BOTH leading and following % -Emb.SelfLocation -Pleasure.Change -Arousal.Delta -Only LEADING % -IOS.Before -Dist.Change -Emb.SelfLocation -Dist.Delta.closer(cm) -BalancedAgency -Emb.Attribution -Dist.Change -Arousal.After -Emb.2Bodies -EmpCog -Dist.Delta.closer(cm) -Emb.Attribution -Distance.After (cm) -Balanced Following (40<x<60) -Arousal.Change -Dist.Delta.closer(cm) -Dist.Change -Emb.Out.of.Body -EmpAffect -Distance.After (cm) -Arousal.Change -Distance.Before (cm) -Balanced Leading (40<x<60) -Arousal.Delta -Distance.After (cm) -Dist.Delta.closer(cm) -Emb.Agency -SHARED AGENCY >50 -Distance.Before (cm) -Arousal.Delta -IOS.Change -Only FOLLOWING % -Arousal.After -Distance.Before (cm) -Distance.After (cm) -Emb.SelfLocation -Shared Agency (BothOrNeither value) -IOS.Change -Arousal.After -IOS.Delta.Closer -Only LEADING % -Arousal.Before -IOS.Change -Distance.Before (cm) -Emb.Attribution -NEITHER leading or following % -IOS.Delta.Closer -Arousal.Before -IOS.After -Emb.2Bodies -Pleasure.Change -IOS.Delta.Closer -IOS.Change -Arousal.Change -BOTH leading and following % -IOS.After -Pleasure.Change -IOS.Before -Emb.Out.of.Body -Pleasure.Delta -IOS.After -IOS.Delta.Closer -Dist.Change -BalancedAgency -IOS.Before -Pleasure.Delta -EmpCog -Emb.Agency -Pleasure.Afer -IOS.Before -IOS.After -Dist.Delta.closer(cm) -Balanced Following (40<x<60) -Dist.Change -Pleasure.Afer -EmpAffect -Emb.SelfLocation -Pleasure.Before -EmpCog -IOS.Before -Distance.After (cm) -Balanced Leading (40<x<60) -Dist.Delta.closer(cm) -Pleasure.Before -SHARED AGENCY >50 -Emb.Attribution -Enjoyability -EmpAffect -EmpCog -Distance.Before (cm) -Only FOLLOWING % -Distance.After (cm) -Enjoyability -Shared Agency (BothOrNeither value) -Arousal.Change -Dist.Change -SHARED AGENCY >50 -EmpAffect -IOS.Change -Only LEADING % -Distance.Before (cm) -HandSwap -NEITHER leading or following % -Arousal.Delta -Dist.Delta.closer(cm) -Shared Agency (BothOrNeither value) -SHARED AGENCY >50 -IOS.Delta.Closer -Emb.2Bodies -IOS.Change -OriginSwap -BOTH leading and following % -Arousal.After -Distance.After (cm) -NEITHER leading or following % -Shared Agency (BothOrNeither value) -IOS.After -Emb.Out.of.Body -IOS.Delta.Closer -NationSWAP -BalancedAgency -Arousal.Before -Distance.Before (cm) -BOTH leading and following % -NEITHER leading or following % -IOS.Before -Emb.Agency -IOS.After -Gender Swap -Balanced Following (40<x<60) -Pleasure.Change -IOS.Change -BalancedAgency -BOTH leading and following % -EmpCog -Emb.SelfLocation -IOS.Before -Right Hand -Balanced Leading (40<x<60) -Pleasure.Delta -IOS.Delta.Closer -Balanced Following (40<x<60) -BalancedAgency -EmpAffect -Dist.Change -EmpCog -Dist.Change -Only FOLLOWING % -Pleasure.Afer -IOS.After -Balanced Leading (40<x<60) -Balanced Following (40<x<60) -SHARED AGENCY >50 -Dist.Delta.closer(cm) -Dist.Change -Dist.Delta.closer(cm) -Only LEADING % -Pleasure.Before -IOS.Before -Only FOLLOWING % -Balanced Leading (40<x<60) -Shared Agency (BothOrNeither value) -Distance.After (cm) -Dist.Delta.closer(cm) -Distance.After (cm) -Emb.2Bodies -Enjoyability -EmpCog -Only LEADING % -Only FOLLOWING % -NEITHER leading or following % -Distance.Before (cm) -Distance.After (cm) -Distance.Before (cm) -Emb.Out.of.Body -HandSwap -EmpAffect -Emb.2Bodies -Only LEADING % -BOTH leading and following % -IOS.Change -Distance.Before (cm) -IOS.Change -Emb.Agency -OriginSwap -SHARED AGENCY >50 -Emb.Out.of.Body -Emb.2Bodies -BalancedAgency -IOS.Delta.Closer -IOS.Change -IOS.Delta.Closer -Emb.SelfLocation -Dist.Change -Shared Agency (BothOrNeither value) -Emb.Agency -Emb.Out.of.Body -Balanced Following (40<x<60) -IOS.After -IOS.Delta.Closer -IOS.After -Emb.Attribution -Dist.Delta.closer(cm) -NEITHER leading or following % -Emb.SelfLocation -Emb.Agency -Balanced Leading (40<x<60) -IOS.Before -IOS.After -IOS.Before -Arousal.Change -Distance.After (cm) -BOTH leading and following % -Emb.Attribution -Emb.SelfLocation -Only FOLLOWING % -EmpCog -IOS.Before -EmpCog -Arousal.Delta -Distance.Before (cm) -BalancedAgency -Arousal.Change -Emb.Attribution -Only LEADING % -EmpAffect -EmpCog -EmpAffect -Arousal.After -IOS.Change -Balanced Following (40<x<60) -Arousal.Delta -Arousal.Change -Emb.2Bodies -SHARED AGENCY >50 -EmpAffect -SHARED AGENCY >50 -Arousal.Before -IOS.Delta.Closer -Balanced Leading (40<x<60) -Arousal.After -Arousal.Delta -Emb.Out.of.Body -Shared Agency (BothOrNeither value) -Dist.Change -Shared Agency (BothOrNeither value) -Pleasure.Change -IOS.After -Only FOLLOWING % -Arousal.Before -Arousal.After -Emb.Agency -NEITHER leading or following % -Dist.Delta.closer(cm) -NEITHER leading or following % -Pleasure.Delta -IOS.Before -Only LEADING % -Pleasure.Change -Arousal.Before -Emb.SelfLocation -BOTH leading and following % -Distance.After (cm) -BOTH leading and following % -Pleasure.Afer -EmpCog -Emb.2Bodies -Pleasure.Delta -Dist.Change -Emb.Attribution -BalancedAgency -Distance.Before (cm) -Dist.Change	0.849 0.912 0.739 0.944 0.62 0.903 0.935 0.953 0.769 0.921 0.922 0.83 0.88 0.87 0.952 0.953 0.973 0.765 0.907 0.946 0.949 0.821 0.955 0.911 0.893 0.951 0.964 0.773 0.935 0.92 0.969 0.781 0.728 0.902 0.935 0.805 0.986 0.989 0.941 0.953 0.94 0.984 0.977 0.972 0.92 0.966 0.967 0.957 0.95 0.958 0.953 0.967 0.962 0.956 0.946 0.938 0.944 0.98 0.954 0.918 0.954 0.827 0.977 0.975 0.96 0.987 0.979 0.984 0.947 0.982 0.957 0.984 0.903 0.919 0.93 0.929 0.961 0.954 0.963 0.908 0.954 0.916 0.971 0.954 0.989 0.949 0.955 0.972 0.968 0.989 0.899 0.97 0.986 0.954 0.904 0.946 0.986 0.959 0.932 0.959 Shapiro-0.875 0.957 0.968 0.694 0.949 0.955 0.951 0.947 0.933 0.962 Wilk 0.774 0.914 0.97 0.814 0.957 0.981 0.951 0.899 0.893 0.884 0.947 0.82 0.903 0.826 0.817 0.949 0.982 0.968 0.956 0.905 0.948 0.977 0.525 0.933 0.578 0.838 0.965 0.981 0.966 0.979 0.904 0.938 0.849 0.781 0.975 0.498 0.964 0.831 0.931 0.928 0.957 0.959 0.941 0.943 0.833 0.971 0.518 0.91 0.924 0.978 0.949 0.989 0.97 0.984 0.943 0.834 0.797 0.292 0.939 0.935 0.965 0.96 0.949 0.965 0.981 0.949 0.734 0.81 0.581 0.802 0.934 0.925 0.964 0.959 0.812 0.99 0.943 0.912 0.807 0.541 0.888 0.925 0.933 0.968 0.93 0.817 0.92 0.984 0.931 0.812 0.941 0.728 0.929 0.95 0.967 0.851 0.946 0.853 0.912 0.898 0.961 0.98 0.97 0.818 0.828 0.824 0.973 0.927 0.934 0.804 0.906 0.907 0.964 0.947 0.975 0.821 0.97 0.954 0.928 0.506 0.939 0.858 0.858 0.959 0.978 0.951 0.914 0.883 0.752 0.837 0.91 0.802 0.959 0.967 0.957 0.978 0.926 0.831 0.831 0.742 0.801 0.711 0.98 0.92 0.937 0.761 0.733 0.823 0.914 0.741 0.859 0.963 0.959 0.966 0.968 0.532 0.979 0.919 0.798 0.95 0.974 0.973 0.89 0.943 0.683 0.968 0.88 0.795 0.89 0.984 0.968 0.981 0.942 0.684 0.95 0.582 0.792 0.717 0.806 0.972 0.965 0.699 0.613 0.907 0.939 0.771 0.915 0.939 0.941 0.976 0.95 0.683 0.909 0.777 0.876 0.866 0.995 0.941 0.918 0.736 0.652 0.897 0.868 0.728 0.893 0.942 0.931 0.945 0.931 0.521 0.943 0.84 0.884 0.782 0.948 0.987 0.921 0.845 0.606 0.758 0.814 0.848 0.801 0.953 0.973 0.962 0.728 0.698 0.955 0.952 0.889 0.699 0.989 0.96 0.852 0.499 0.779 0.945 0.938 0.872 0.818 0.979 0.963 0.829 0.802 0.62 0.949 0.972 0.837 0.75 0.97 0.971 0.945 0.813 0.614 0.671 0.848 0.826 0.833 0.959 0.929 0.952 0.504 0.614 0.946 0.967 0.8 0.682 0.941 0.837 0.942 0.774 0.685 0.728 0.96 0.84 0.692 0.927 0.964 0.819 0.965 0.633 0.94 0.964 0.794 0.689 0.968 0.95 0.974 0.945 0.644 0.841 0.902 0.851 0.944 0.949 0.966 0.959 0.953 0.587 0.663 0.88 0.852 0.921 0.976 0.794 0.967 0.709 0.476 0.538 0.825 0.896 0.871 0.944 0.976 0.83 0.922 0.543 0.814 0.947 0.818 0.818 0.942 0.948 0.981 0.934 0.632 0.974 0.885 0.819 0.877 0.938 0.962 0.962 0.905 0.603 0.942 0.97 0.893 0.815 0.979 0.885 0.964 0.85 0.614 0.945 0.807 0.752 0.887 0.985 0.924 0.872 0.859 0.717 0.801 0.806 0.821 0.804 0.985 0.84 0.879 0.792 0.691 0.977 0.823 0.802 0.903 0.96 0.93 0.944 0.893 0.467 0.959 0.962 0.865 0.863 0.956 0.921 0.987 0.867 0.922 0.96 0.984 0.728 0.777 0.95 0.93 0.938 0.921 0.75 0.9 0.966 0.871 0.894 0.96 0.836 0.956 0.934	< .001 < .001 < .001 < .001 < .001 < .001 < .001 0.002 < .001 < .001 < .001 < .001 < .001 < .001 0.002 0.002 0.044 < .001 < .001 < .001 0.001 < .001 0.003 < .001 < .001 0.001 0.01 < .001 < .001 < .001 0.024 < .001 < .001 < .001 < .001 < .001 0.406 0.61 < .001 0.002 < .001 0.307 0.089 0.04 < .001 0.013 0.015 0.003 0.001 0.004 0.002 0.016 0.007 0.003 < .001 < .001 < .001 0.145 0.002 < .001 0.002 < .001 0.092 0.063 0.005 0.452 0.13 0.315 0.002 0.212 0.003 0.313 < .001 < .001 < .001 < .001 0.006 0.002 0.008 < .001 0.002 < .001 0.03 0.002 0.612 0.005 0.005 0.039 0.019 0.612 < .001 0.028 0.432 0.002 < .001 < .001 0.373 0.017 < .001 0.017 p < .001 0.003 0.021 < .001 0.001 0.002 0.001 0.007 < .001 0.014 < .001 0.026 < .001 0.003 0.179 0.001 < .001 < .001 < .001 0.002 < .001 < .001 < .001 < .001 < .001 0.199 0.019 0.006 < .001 < .001 0.127 < .001 < .001 < .001 < .001 0.012 0.189 0.014 0.118 < .001 < .001 < .001 < .001 0.062 < .001 0.01 < .001 < .001 < .001 0.003 0.028 < .001 < .001 < .001 0.031 < .001 < .001 < .001 0.113 0.002 0.638 0.108 0.29 < .001 < .001 < .001 < .001 < .001 < .001 0.012 0.006 0.005 0.057 0.189 0.005 < .001 < .001 < .001 < .001 < .001 < .001 0.01 0.005 < .001 0.653 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.02 0.001 < .001 < .001 0.47 < .001 < .001 < .001 < .001 < .001 < .001 0.005 0.109 0.001 < .001 0.002 < .001 < .001 < .001 < .001 < .001 0.005 0.017 0.003 0.107 0.029 < .001 < .001 < .001 < .001 < .001 < .001 0.162 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.009 0.005 0.014 0.061 0.019 < .001 0.121 < .001 < .001 0.01 0.054 0.043 < .001 < .001 < .001 < .001 0.02 < .001 < .001 < .001 0.302 0.017 0.168 0.011 < .001 < .001 0.001 < .001 < .001 < .001 < .001 0.037 0.011 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.002 < .001 0.073 < .001 0.001 < .001 < .001 < .001 < .001 < .001 0.986 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.449 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.004 0.048 0.007 0.047 < .001 < .001 0.002 0.001 < .001 < .001 0.652 0.005 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.132 0.008 < .001 < .001 < .001 < .001 < .001 0.036 < .001 < .001 0.026 0.032 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.004 < .001 0.002 0.028 < .001 < .001 < .001 0.017 < .001 < .001 < .001 < .001 < .001 0.151 < .001 < .001 < .001 0.005 < .001 < .001 < .001 0.05 < .001 0.006 0.011 < .001 < .001 0.011 < .001 < .001 0.02 0.01 0.054 < .001 < .001 < .001 < .001 < .001 < .001 0.005 < .001 0.065 0.004 < .001 0.002 < .001 < .001 < .001 < .001 < .001 0.074 < .001 0.017 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.232 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.008 0.191 < .001 < .001 < .001 0.058 < .001 < .001 < .001 < .001 0.039 0.007 0.018 < .001 < .001 < .001 0.025 < .001 < .001 0.13 < .001 0.01 0.001 < .001 < .001 < .001 < .001 < .001 < .001 0.353 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001 0.325 < .001 < .001 < .001 < .001 < .001 0.098 < .001 < .001 < .001 0.005 0.001 0.003 < .001 < .001 < .001 0.005 0.007 < .001 < .001 0.003 < .001 0.442 < .001 < .001 < .001 0.006 0.274 < .001 < .001 0.001 0.001 < .001 < .001 < .001 < .001 < .001 0.013 < .001 < .001 0.005 < .001 0.003 < .001

Assumption checks of normal distribution and homoscedasticity Test of Normality (Shapiro-Wilk): XR x Video

  Note. Significant results suggest a deviation from normality.Note. Significant results suggest a deviation from normality. Significant results suggest a deviation from normality.

	Alt. Int.Time (5:20)	Video	0.802 noStimuli		< .001 0.844 < .001
	Pleasure	XR		XR	0.854		< .001 0.850 < .001
	Alt. Int.Time (0:20)	Video	0.844 noStimuli		< .001 0.843 < .001
	Arousal	XR		XR	0.907		0.002 0.902 0.001
	Pleasure	Video	0.872 noStimuli		< .001 0.881 < .001
		XR			0.85		< .001
	Arousal	Video		0.872		< .001
		XR			0.902		0.001
	Int.Exp(1-5) Test of Normality (Shapiro-Wilk): Video x NoStimuli Video	0.797		< .001
		XR			0.798	W	< .001	p
	Variable Part.of.Story (1-7) Attachment France Migrant Origin (0-1)	Group Video VIDEO noStimuli XR VIDEO		W 0.92 0.898	0.825 0.815 0.601	0.013 p < .001	< .001 < .001 < .001
	Attachment France	Video noStimuli		0.825	0.635	< .001	< .001
	Famili.(ref-friend) (0,1,2)	XR	VIDEO		0.78	0.666	< .001	< .001
	Migrant Origin (0-1)	Video noStimuli		0.601	0.731	< .001	< .001
	IAT	XR	VIDEO noStimuli		0.637	0.981 0.976	< .001	0.855 0.477
	Famili.(ref-friend) IAT-(<-0.35) Test of Normality (Shapiro-Wilk): XR x NoStimuli Video 0.666 VIDEO 0.492 noStimuli 0.924	< .001	< .001 0.065
	Emp.Cog.Group Precision Attachment France Emp.Affect.Group	XR Video VIDEO noStimuli VIDEO	XR	0.783 0.89	0.912 0.932 0.889	W < .001 0.014 0.780 < .001 p 0.007 0.012 0.002
		XR	noStimuli	0.834 noStimuli	0.827	< .001 0.815 < .001 < .001
	Emb.Attr Migrant Origin (0-1) Emp.Concern.Group	Video VIDEO	XR	0.862	0.875	< .001 0.637 < .001 < .001
	Alt. Int.Migrant (0-1)	XR	noStimuli VIDEO	0.921 noStimuli	0.889 0.312	0.005 0.635 < .001 < .001 < .001
	Emb.Walking Famili.(ref-friend) (0,1,2)	Video noStimuli	XR	0.866	0.519	< .001 0.783 < .001 < .001
	Alt. Int.MAX	XR	VIDEO	0.906 noStimuli	0.638	0.002 0.731 < .001 < .001
	Emb.self-Location Proximity (1-7)	Video noStimuli	XR	0.879	0.573	< .001 0.917 0.004 < .001
	Alt. Int.Time (5:20)	XR	VIDEO noStimuli	0.816 noStimuli	0.802 0.791	< .001 0.906 0.002 < .001 < .001
	Emb.Touch IAT Alt. Int.Time (0:20)	Video VIDEO	XR	0.843	0.844	< .001 0.971 0.399 < .001
		XR	noStimuli	0.801 noStimuli	0.844	< .001 0.976 0.477 < .001
	Proximity IAT-(<-0.35) Note.	Video	XR	0.91		0.006 0.395 < .001
		XR		0.917 noStimuli		0.004 0.924 0.065
	IAT Emp.Cog.Group	Video	XR	0.981		0.855 0.872 < .001
		XR		0.971 noStimuli		0.399 0.932 0.012
	IAT-(<-0.35) Emp.Affect.Group	Video	XR	0.492		< .001 0.896 < .001
		XR		0.395 noStimuli		< .001 0.827 < .001
	Emp.Cog.Group Emp.Concern.Group	Video	XR	0.912		0.007 0.837 < .001
		XR		0.872 noStimuli		< .001 0.889 < .001
	Emp.Affect.Group Alt. Int.Migrant (0-1)	Video	XR	0.889		0.002 0.326 < .001
		XR		0.896 noStimuli		< .001 0.519 < .001
	Emp.Concern.Group Alt. Int.MAX	Video	XR	0.875		< .001 0.557 < .001
		XR		0.837 noStimuli		< .001 0.573 < .001
	Alt. Int.Migrant (0-1) Alt. Int.Time (5:20)	Video	XR	0.312		< .001 0.854 < .001
		XR		0.326 noStimuli		< .001 0.791 < .001
	Alt. Int.MAX Alt. Int.Time (0:20)	Video	XR	0.638		< .001 0.907 0.002
		XR			0.557		< .001

Study 3: Assumption checks of normal distribution Test of Normality (Shapiro-Wilk)

  

	Emb.self-Location IAT	-Emb.ActiveTouch -Alt.Beh.Max	0.744 0.954	< .001 0.195	
	Emb.self-Location Emb.self-Location IAT Emb.self-Location IAT	-Proximity (1-7) -IAT-(<-0.35)YN -Alt.Int.Beh.19th. (0-1) -IAT -Alt.Int.Profile(0-1)	0.907 0.916 0.952 0.939 0.952	0.011 0.262 0.018 0.077 0.262	
	Emb.self-Location IAT	-Alt. Int.(0-1) -Alt.Beh.Time(5-15)	0.871 0.547	0.001 < .001	
	Emb.self-Location IAT	-Alt.Int.Time(0-20) -Alt.Beh.Time(0-20)	0.87 0.954	0.001 0.202	
	Emb.self-Location Emb.self-Location IAT Emb.self-Location IAT	-Alt. Int.Time(5-20) -Alt. Int.19th (0-1) -Alt.Int.Beh.19th(-20:20) -Alt.Int.Max -Pleasure	0.837 0.878 0.951 0.85 0.952	< .001 0.29 0.005 < .001 0.175	
	Emb.self-Location IAT	-Alt.Int.Min -Arousal	0.845 0.951	< .001 0.163	
	Emb.self-Location IAT	-Alt.Beh(0-1) -Part.of.Story	0.903 0.939	0.009 0.077	
	Emb.self-Location Emb.self-Location IAT Emb.self-Location IAT	-Alt.Beh.Min -Alt.Beh.Max -Proximity.Psyc (1-7) -Alt.Int.Beh.19th. (0-1) -Proximity.Fem (1-7)	0.176 0.84 0.932 0.865 0.946	< .001 0.049 < .001 0.003 0.119	
	Emb.self-Location Alt. Int.(0-1)	-Alt.Int.Profile(0-1) -Alt.Int.Time(0-20)	0.865 0.445	0.003 < .001	
	Emb.self-Location Alt. Int.(0-1)	-Alt.Beh.Time(5-15) -Alt. Int.Time(5-20)	W 0.673	p < .001	ᵃ
	Proximity.IOS_XR IAT trial1 Emb.self-Location Emb.self-Location Alt. Int.(0-1) Emb.self-Location Alt. Int.(0-1)	-Proximity.IOS_Video -IAT trial2 -Alt.Beh.Time(0-20) -Alt.Int.Beh.19th(-20:20) -Alt. Int.19th (0-1) -Pleasure -Alt.Int.Max	0.733 0.971 0.889 0.87 0.916 0.34	< .001 0.563 0.004 0.005 0.018 < .001	ᵃ
	Iat _XR Emb.self-Location Alt. Int.(0-1)	-Iat _Video -Proximity.Fem (1-7) -Arousal -Alt.Int.Min	0.961 0.831 0.847 0.397	0.328 0.009 < .001 < .001	
	Iat -_XR Attachment.France Emb.self-Location Alt. Int.(0-1)	-Iat -_Video -French.Birth -Part.of.Story -Alt.Beh(0-1)	0.828 0.862 0.445	< .001 < .001 < .001	ᵃ
	Emp.Cog.Ind.XR EmpConcernGroup_XR Attachment.France Attachment.France Attachment.France Emb.self-Location Emb.self-Location Alt. Int.(0-1) Emb.Ag.Control Alt. Int.(0-1)	-Emp.Cog.Ind_Video -EmpConcernGroup. _Video -Migrant.Origin (0-1) -Precision (1-5) -Emb.Attr -Proximity.Psyc (1-7) -Proximity.Fem (1-7) -Alt.Beh.Min -Emb.Ag.Mov -Alt.Beh.Max	0.844 0.843 0.881 0.78 0.799 0.899 0.935 0.176 0.892 0.445	0.001 0.001 0.073 0.004 0.007 0.007 < .001 0.06 0.005 < .001	
	Emp.Help.Ind_XR Attachment.France Emb.Ag.Control	-Emp.Help.Ind_Video -Emb.self-Location -Emb.Rev.Agency	0.766 0.765 0.939	< .001 0.003 0.079	
	Alt. Int. (Y/N)_XR Attachment.France Emb.Ag.Control	-Alt. Int. (Y/N)_Video -Emb.Ag.Control -Emb.PassiveTouch	0.471 0.839 0.891	< .001 0.021 0.004	
	Alt.IntMax_XR Attachment.France Emb.Ag.Control Alt. Int.Time (5-20)_XR Attachment.France Emb.Ag.Control Attachment.France Emb.Ag.Control	-Alt.IntMax_Video -Emb.Ag.Mov -Emb.ActiveTouch -Alt. Int.Time (5-20)_Video -Emb.Rev.Agency -Proximity (1-7) -Emb.PassiveTouch -IAT-(<-0.35)YN	0.536 0.781 0.922 0.828 0.896 0.96 0.926 0.947	0.004 0.027 < .001 0.118 0.297 0.002 0.306 0.131	
	Alt. Int.Time (0-20)_XR Attachment.France Emb.Ag.Control	-Alt. Int.Time (0-20)_Video -Emb.ActiveTouch -IAT	0.841 0.829 0.934	< .001 0.015 0.057	
	Pleasure_XR Attachment.France Emb.Ag.Control	-Pleasure_Video -Proximity (1-7) -Alt. Int.(0-1)	0.933 0.735 0.763	0.094 0.001 < .001	
	Arousal_XR Attachment.France Emb.Ag.Control Int.Exp (1-5)_XR Attachment.France Emb.Ag.Control Attachment.France Emb.Ag.Control	-Arousal_Video -IAT-(>0.35)YN -Alt.Int.Time(0-20) -Int.Exp (1-5)_Video -IAT -Alt. Int.Time(5-20) -Alt. Int.(0-1) -Alt. Int.19th (0-1)	0.851 0.842 0.967 0.619 0.889 0.946 0.734 0.961	0.022 0.451 0.002 0.094 0.183 < .001 0.001 0.415	
	PartOfStory _XR Attachment.France Emb.Ag.Control	-PartOfStory _Video -Alt.Int.Time(0-20) -Alt.Int.Max	0.897 0.911 0.631	0.011 0.187 < .001	
	Attachment.France Emb.Ag.Control	-Alt. Int.Time(5-20) -Alt.Int.Min	0.734 0.777	0.001 < .001	
	Attachment.France Emb.Ag.Control Note. Significant results suggest a deviation from normality. -Alt. Int.19th (0-1) -Alt.Beh(0-1) Attachment.France -Alt.Int.Max Emb.Ag.Control -Alt.Beh.Min	0.746 0.947 0.311 0.176	0.002 0.127 < .001 < .001	
	Attachment.France Emb.Ag.Control	-Alt.Int.Min -Alt.Beh.Max	0.607 0.934	< .001 0.056	
	Attachment.France Emb.Ag.Control	-Alt.Beh(0-1) -Alt.Int.Beh.19th. (0-1)	0.865 0.976	0.045 0.791	
	Attachment.France Attachment.France Emb.Ag.Control Attachment.France Emb.Ag.Control	-Alt.Beh.Min -Alt.Beh.Max -Alt.Int.Profile(0-1) -Alt.Int.Beh.19th. (0-1) -Alt.Beh.Time(5-15)	0.311 0.791 0.976 0.788 0.558	< .001 0.791 0.005 0.007 < .001	
	Attachment.France Emb.Ag.Control	-Alt.Int.Profile(0-1) -Alt.Beh.Time(0-20)	0.788 0.946	0.007 0.123	
	Attachment.France Emb.Ag.Control	-Alt.Beh.Time(5-15) -Alt.Int.Beh.19th(-20:20)	0.549 0.965	< .001 0.549	
	Attachment.France Attachment.France Emb.Ag.Control Attachment.France Emb.Ag.Control	-Alt.Beh.Time(0-20) -Alt.Int.Beh.19th(-20:20) -Pleasure -Pleasure -Arousal	0.833 0.82 0.956 0.899 0.953	0.017 0.225 0.017 0.13 0.194	
	Attachment.France Emb.Ag.Control	-Arousal -Part.of.Story	0.903 0.964	0.145 0.381	
	Attachment.France Emb.Ag.Control	-Part.of.Story -Proximity.Psyc (1-7)	0.913 0.947	0.2 0.132	
	Attachment.France Attachment.France Emb.Ag.Control French.Birth Emb.Ag.Mov	-Proximity.Psyc (1-7) -Proximity.Fem (1-7) -Proximity.Fem (1-7) -Migrant.Origin (0-1) -Emb.Rev.Agency	0.913 0.895 0.974 0.297 0.958	0.2 0.644 0.113 < .001 0.259	
	French.Birth Emb.Ag.Mov	-Precision (1-5) -Emb.PassiveTouch	0.176 0.914	< .001 0.016	
	French.Birth Emb.Ag.Mov	-Emb.Attr -Emb.ActiveTouch	0.176 0.912	< .001 0.015	
	French.Birth French.Birth Emb.Ag.Mov French.Birth Emb.Ag.Mov	-Emb.self-Location -Emb.Ag.Control -Proximity (1-7) -Emb.Ag.Mov -IAT-(<-0.35)YN	0.176 0.176 0.94 0.176 0.932	< .001 0.084 < .001 < .001 0.05	
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Balanced alternated agency dynamic (related to O.H.2)

Median scores of Only.leading and Only.following suggest that participants tended to adopt a balanced alternated agency, as shown in Figure III.1.2. Balanced alternated agency related to leading (only leading between 40 and 60% of the time) being reported by 54.17% of the sample.

Balanced alternated agency related to following (only following between 40 and 60% of the time) being reported by 53.12% of the sample. Confirming our expectation, as presented in Figure III.1.3,Table III.1.7 and Table III.1.8,participants tended to report at least one form of shared agency (both or neither leading / following at the same time) for more than half of the duration of the experience. 56.25% of participants (n =54) reported the perception of shared agency for at least 50% of the time.

Empathic expressions (A3)

Self-reported empathy: Emp.Affect.

Comparisons between general empathy disposition towards refugees of the No-stimuli group (Mdn = 6, ranging from 1 to 7, n = 44) and state after test and control groups revealed that both XR and Video interventions accounted for lower affective empathy with strong effect size, but only the difference between the XR group and No-stimuli group was significant. For the XR (n=44) and Video (n=36) groups, the median score was 6, ranging from 3 to 7. The results of the Wilcoxon Signed Rank test for XR were V = 132.00, p = .017, rb = -0.73. For Video, it was V = 85.50, p = .093 rb = -0.74.

The results showed that neither of the interventions could enhance affective empathy towards refugees, when compared to general empathy disposition. In fact, the affective empathy state was lower than the general disposition of the No-Stimuli group for both interventions with a similar effect size, although it was only in XR that this difference was statistically significant.

Self-reported empathy: Emp.Cog.Group Comparisons between general disposition of cognitive empathy in the No-stimuli group (Mdn = 4, ranging from 1 to 7, n = 44) and cognitive empathy state after the interventions revealed that both XR and Video generated significantly higher scores with a moderate effect size. For the XR group (n=44), the median score was 5.5, ranging from 1 to 7: Wilcoxon Signed Rank's 672.00, p < .001, rb = 0.358. For the Video group (n=36), the median was 5, ranging from 2 to 7: Wilcoxon Signed Rank's V = 488.00, p < .001 rb = 0.345. The results suggested that both interventions were equally effective in enhancing cognitive empathy towards refugees in comparison to the No-Stimuli group.

Self-reported empathy / Emp.Concern.Group.

There was no significant difference between general empathic concern disposition of the No-Stimuli group (Mdn = 5.5, ranging from 1 to 7, n = 44) and empathic concern state among the XR (Mdn = 5, ranging from 1 to 7, n = 44) and Video groups (Mdn = 6 ranging from 3 to 7, n = 36). The results of the Wilcoxon Signed Rank comparison to XR were V = 434.00, p = .104 rb = 0.30; and to Video, they were XR (V = 480.00, p = .861, rb = -0.030).

Results for Goal "A" (efficiency)

A1. Experience effects

Precision and embodiment

Precision and embodiment could not be compared between interventions since, in the control condition, participants were instructed to answer "NA" to this question ("no physical interaction in the experience" for precision and "completely disagree" for embodiment questions).

Considering median scores from the test condition, we can observe agreement on the 5-point Likert scale of precision (Mdn = 4, N=20), similarly to the previous study that used trained guides. In the same way, median scores for embodiment (Mdn = 5) indicated a positive agreement with the illusion.

Comparisons of results between test conditions from Studies 2 and 3 through a one sample Wilcoxon signed rank test indicated a statistical tendency towards lower precision with a large effect size although not significant (V = 34.00, p = .049, rb = -0.89). We also observed that Study 3 accounted for lower feelings of touch with a moderate effect size which was almost significant (V = 214.50, p = 0.016, rb = -0.319). Even so, there was no significant difference between studies in terms of the feeling of embodiment. For Body Attribution, the statistics were V = 386.50, p = 0.237, rb = 0.227. Descriptive statistics are reported in Table III .3.6 and visualized in Figure III.3.2 Taken together, the results confirmed our first hypothesis that the illusion of embodiment can be induced even without trained guides. We observed three strong effect correlations between emotional state and embodiment variables (described in the Table III.3.19): higher pleasure was only related to higher scores for touch, while higher arousal was correlated to higher precision and agency. While we did not observe direct significant correlations between embodiment variables and implicit bias, higher embodiment was found to correlate to higher proximity through its dimensions of reversed agency (with a moderate effect, rs = 0.363, p = 0.045), and passive touch (with a strong effect rs = 0.50, p = .004). And in fact, higher proximity demonstrated to have a moderate correlation to lower negative bias (rs = 0.39, p = .029), which is in line with the scientific literature reporting regarding the relation of intergroup dynamics and implicit bias (e.g.: Avenati et al., 2010). This finding suggests that higher embodiment variables and lower implicit bias vary in the same direction.

Spearman's correlations between Experience (A.1) and Empathic expressions (A.3)

Spearman's correlations between

intervention was observed to slightly enhance pleasure and slightly reduce arousal (when comparing pleasure/arousal in life and in relation to the experience). In summary, engagement was positively correlated with embodiment, while the experience led to an optimal affective state for empathy learning (attention with moderate arousal and positive pleasure).

Summary of findings: Study 2

In Study 2, we adopted a different system using pre-recorded XR Body Swap with no agency (but a reversed agency interactive mode instead) presenting a documentary to adolescents in a school in the region of Paris. The documentary presented the first-person narrative of a Syrian migrant living in France. It explored four different strategies presented in Chapter I: intergroup body swap, proteus effect of compassionate avatar, positive intergroup contact, and counter stereotypical information (since the character had a higher social status than many Syrian refugees who are seen in the news and on the streets of the city, and did not report having suffered any situation of prejudice). In a randomized between subject post-test experimental design, test group was presented the content in XR Body Swap while control group experienced the same content through the 2d screen of a computer. We also collected data on a similar population which was not exposed to any procedure (No-stimuli group). In the test group, physical interactions were provided by moderately trained guides (research assistants) and in the control group, participants stayed still for the whole experience.

In this study, we observed that pre-recorded XR Body Swap experiences with no agency could successfully induce embodiment when compared to watching the same video on a screen. We noticed that the higher feeling of touch contributed positively to the perception of embodiment, even with some imprecisions provided during the physical interactions.

Regarding intergroup openness and empathic expressions related to refugees, we observed an overall ceiling effect in this population in the three groups (XR, Video and No-stimuli). We did not observe robust differences in self-reported empathic expressions nor in intergroup openness between the XR and Video groups (affective empathy, perspective taking and compassion, or altruistic intention). But when compared to the No-Stimuli group, we noted that the XR and Video interventions had a different impact on participants. Regarding intergroup openness, the participants exposed to the XR Body Swap movie had significant higher positive implicit bias towards refugees then participants exposed to the video, which was observed to be correlated