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 Action co-representation has never been studied in threat context  Our results showed that co-representation is maintained under threat contexts  It is even boosted when participants are under threat near safe partners  Social buffering took place in presence of co-partners  Co-representation may promote social strategies essential for one's own survival.

TABLE OF CONTENTS

REMERCIEMENTS / ACKNOWLEDGEMENT

As I would like to fully express myself, the following section has been written in French.

Il y a tellement de personnes à remercier au cours de ce doctorat, j'espère que j'en n'oublierai aucun… D'abord, je tenais à remercier le DEC, le RISC et le LNC² pour l'environnement riche qu'ils m'ont fourni pour réaliser cette thèse. Je tiens particulièrement à remercier Samira, Clémentine, Nathalie et Sharon pour avoir répondu à tant de questions et résolu tant de problèmes administratifs mais toujours avec le sourire.

Je tiens à remercier les membres du Super 4. Sophie, pour tes belles théories, d'être toujours partante pour tout et de proposer des social events en permanence : si tu savais à quel point c'est agréable ! Clémence, pour avoir été une très bonne oreille si souvent et pour tous ces snickers partagés. Margaux, pour ta transparence que j'apprécie tant et le peps que tu apportes dans le labo. Vous avez vraiment égayé beaucoup de moment de ce Ph.D. Le LNC² a regroupé plein de personnes qui, pour moi, ont été essentielles au bon déroulement de ma thèse. Merci à Tahnée pour ton second degré qui a apporté beaucoup de légèreté dans notre bureau (c'est le nôtre ou juste le tiens ? je ne sais plus). Merci à Marine pour ton efficacité et ces supers repas passés ensemble. Merci à Vassilisa et Charles pour cette soirée improvisée qui m'a fait un bien de fou exactement au moment où j'en avais le plus besoin (#TeamGommette). Merci également à Marion, Anne, Damiano, Nicolai, Juliette, Fabien, Basile, Julie D, Stefano, Aurélien, Adrian, Jun, Tarryn, pour ces pauses café, goûter, déjeuner, quizz ou afterwork qui ont rythmé ce doctorat ! La positivité des membres de ce labo est une vraie source de motivation (et vive les cookies !!!). Je tiens également à remercier Sandra, Elisabeth et Solène pour m'avoir accueilli plus d'une fois comme un membre de l'Agency Group, pour ces magnifiques moments à Gênes et pour certains conseils donnés qui ont vraiment changé ma vie.

Je tiens à remercier le social group et tous les membres que j'ai pu croiser. Ils ont su donner du sens au mot social. Merci Emma pour ces conversations pleines de sagesse qu'on a pu avoir. Merci Hannah pour la bonne humeur qui t'habites et pour m'avoir montré l'exemple avant que je débute ma thèse.

Merci ma petite Basak pour ces pauses incroyables (on a été la K-fet du 29 un petit moment quand même !). Merci Maryam, pour nos moments Pims Karaoké. Merci Gaïa, pour ce stage incroyable ensemble et pour ton amitié. Merci Marine pour nos conversions Fun&Fresco ! Sarah, à quand nos prochaines noodles ensemble ? Merci à Nathan, Claire, Inès, Jean-Michel et Yoni pour leur présence positive dans l'équipe. Merci à Elliot pour ta sympathie incroyable et ton sérieux: je suis très content de partager ce beau papier avec toi. Merci à Emilie pour ta touche d'extravagance et d'humour nécessaire à l'équipe. Un merci à Victor dont le capital sympathie m'a fait un grand bien lors de la phase de rédaction : je suis très content de te savoir présent pour les 3 prochaines années. Enfin, un grand merci à Rocco: mon affection à ton égard est aussi grande que le respect que j'ai pour tes qualités de chercheur. Un immense merci à vous tous : on se donne rendez-vous bientôt pour un afterwork mythique à la montagne ? … « C'est à moi ! ».

Je tiens à remercier ma Team passion : passion Villars (Kevin) pour ta capacité à me suivre dans tous mes délires. Passion Tartine (Camille L.) pour ta folie, ta positivité, tes imitations mais surtout pour ta sagesse. Passion Brazil (Jules) pour avoir toujours tendu la main (même s'il faudrait penser à me rendre mes chaussures un jour par contre). Passion Métal (Pierre) pour ton humour de précision que j'apprécie Le cogmaster a été un environnement propice à des rencontres merveilleuses. Il y a tellement de petits coguys que j'affectionne énormément : La Chabanou, la Clemclem, le Ciccione, Sophie C., Sneza, Camille S., Garance, Audrey, Mona, Elise, Eléonore, Camille W., Sacha, Sophie B., Aurore, Matthieu, Anali et Anaëlle. Nos soirées K-fet, nos cogni-weekends ou encore nos chorégraphies endiablées… Tant de bouffées d'oxygènes apaisantes que vous m'avez apportés. J'aimerais évoquer un souvenir avec chacun d'entre vous mais ces remerciements vont être interminables… On se retrouve tous à Lagesse pour parler de tout ça ?

Il y a aussi tous les « copains d'avant », ceux qui me suivent avant même mon entrée à l'université : je les remercie tous pour leur affection, pour m'avoir encouragé dans mes études depuis le début, de m'excuser lorsque je disparais dans les phases de rushs et de vérifier que je vais bien régulièrement.

Je les remercie pour les fous rires qu'ils m'apportent depuis des années et pour leur gentillesse. Merci pour tous ces repas, ces anniversaires, ces soirées jeux de sociétés, ces Skype apéros, ces vacances ensembles ou encore ces petits audios d'encouragement lors des dernières semaines de rédaction : Merci ma Floflo, ma Jess, mon Aleks, mon Anaïs, ma Laetitia, mon Thiboleplusbo, mon Yohann, ma Mel, mon Glaçon. Vous êtes mes champions et je vous aime fort. Ça fait maintenant plus de 10 ans que vous m'êtes indispensables.

Parce que la vie nous fait faire des rencontres positives inattendues, je tiens à remercier la communauté de la grosse pêche pour leur soutien au cours du reconfinement ! Vous avez rendu ces 40 jours tellement plus vivables. Votre représentant syndical est fier de vous ! Par la même occasion, je tiens à remercier tous les artistes qui ont fait preuve de tellement d'ingéniosité pour nous divertir pendant ces longs mois de confinement. Merci pour les podcasts et leurs histoires incroyables que j'ai écouté en courant ou cuisinant. Merci pour les sketchs qui m'ont donné les fous rires que je ne pouvais plus avoir avec mes proches. Merci pour les chansons qui m'ont fait danser pendant l'exécution de mes nombreux codes Matlab. Merci pour ces lives qui nous font sentir moins seul. Merci de m'avoir donné l'impression que le temps était moins long.

Mes derniers remerciements sont bien évidemment adressés à mes deux superviseurs : Julie et Guillaume. Merci d'avoir toujours répondu présents et de m'avoir fourni tout ce dont j'avais besoin pour évoluer au cours de ma thèse. Merci d'avoir toujours pris en compte mes besoins et mes envies dans l'orientation de ce beau projet. Merci pour le soutien que vous m'avez apporté, sur le plan professionnel mais aussi sur le plan humain quand cela s'est avéré nécessaire. Merci pour votre confiance, votre ouverture d'esprit et votre bienveillance. Merci pour votre patience et votre plasticité.

Si vous saviez le plaisir immense que cela a été d'être supervisé par vous deux. J'espère sincèrement que la fin de cette thèse annonce le début de futures collaborations ensemble aussi stimulantes qu'amusantes.

Merci à tous pour tout ce bien-être que vous m'avez offert! Je terminerais par une grande et chaleureuse pensée à ma famille : Maman, Papa, Steven, Méghane et Lucas. Je n'ai pas toujours été là mais j'ai pensé à vous tout au long de ces belles mais très intenses trois dernières années. J'espère que vous êtes fiers de moi ! I would like to thank the jury members for having agreed to review my work. In June 2017, we applied to the Brain, Cognition, and Behavior (ED3C) doctoral school funding to obtain a Ph.D. scholarship.

Formerly, Julie Grèzes and Guillaume Dezecache had obtained a CNRS funding from a call-for-project entitled 'CNRS Recherche Attentats'. Its purpose was to offer financial support to investigate impacts of attacks on society. They led the project 'One for all? Individual and collective reactions to threat during Paris' attack', an interview-type study aiming at better defining the typology of behaviors arising under deadly situations as well as their underlying motivations. They showed that survivors of the Bataclan attacks often reported having set up social strategies under threat, but it seemed that this maintenance of sociality could be due to different motivations depending on the costs and benefits of the different supportive actions.

If this study brought encouraging results to defend that, contrary to popular belief, social cognition seems to be working under threat, several limitations remain. First, interviews took place a posteriori and then, some elements of the subjective reports could have been modified. So, the validity of these data can be debate. In addition, this type of study informs us of the kind of actions observed under threat, but it does not depict the cognitive mechanisms involved in their planning.

To resolve this question, we designed the 'Social Cognition Under Threat Anxiety-Inducing Contexts' Ph.D. project, which investigated how the 'sense of being threatened' modifies important cognitive mechanisms involved during human social interactions. Our research therefore focuses on the essential question of how danger transforms sociality, that is, how threat endangers the relationship to one another. We assumed that, if social cognition is maintained under threat, anxiety should either maintain or enhance the perception of social signals conveyed by our fellow human beings as well as the integration of others in our action plans. Conversely, these mechanisms should be shut down if sociality is interrupted under threat. Depending on whether the maintenance of social cognition represents an advantage for survival or not, both results could be observed. To test our hypothesis, we first validated a paradigm that creates threat anxiety-inducing context in the lab. We investigated how it impacts action co-representation and perception of social cues conveyed by human faces, while modifying the relevance of the interaction or the social meaning of the transmitted cues.

Ultimately, this project was designed to study the way the perception of danger in a laboratorycontrolled context modifies (how and why) social cognition, both at the perception and action levels.

The theoretical part of this thesis will first introduce the well-studied stimuli called the threatening signals. Then, two points of view will be faced: while, in neuroscience, theoretical models about human defensive reactions only take into account individual reaction, field studies in social psychology often report supportive behavior under threat. To match the results coming from these two extremely different domains, we will discuss how social mechanisms usually measured at lab can explain the variability of social and asocial behavior described by research in social psychology. The experimental part will present 3 studies: (i) the validation of the threat-of-scream paradigm to create threat context in the lab and the impact of this procedure (ii) on action co-representation and (iii) on perception of fear emotional displays. To conclude, the general discussion will summarize the main findings of this Ph.D. thesis. Also, I will try to build a theoretical bridge between neuroscience and social psychology by using my cognitive psychology approach to investigate collective reaction under threat.

"While neuroscientists assume that the perception of threat triggers the development and the emergence of self-preservative responses, it was known from more than 50 years in sociology departments that people are actually very supporting and prosocial in that contexts. So, there is a need for interdisciplinarity in this regard" -Guillaume Dezecache, Collective Emotions conference (Paris, 2016). Even if this need is at the origin of my incredible Ph.D project, these last three years have been a really massive challenge because it involves mastering the literature coming from different fields in order to build relevant connections between them. It was particularly difficult to equally distribute the time that I was spending in my appropriation of each field. Finally, I noticed that tracking all these researches was impossible. I needed time to understand that my project alone would not be enough to create convincing bridges between neuroscience, psychology and social science and to provide a perfect framework from all the articles I had read. However, I hope that my effort to put the results acquired in the lab into perspective with the huge framework of collective reactions in deadly contexts will be considered praiseworthy, even if it surely raises many questions and even debates.

THEORETICAL BACKGROUND
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CHAPTER 1 HUMAN REACTIONS UNDER THREAT: ARE THEY

An explosion, a tornado, an attack: as diverse as they may be, each of these situations represents a threat (also called stressor) to an individual's homeostasis. It is then necessary to quickly set up an adapted response to restore the balance. When human beings are faced to a threatening situation, they are surrounded by different kinds of source of information [START_REF] Haghani | How simple hypothetical-choice experiments can be utilized to learn humans' navigational escape decisions in emergencies[END_REF]. Being able to detect threats and relevant safety cues, as well as initiating efficient defensive responses is essential for the individual's survival [START_REF] Davidson | The privileged status of emotion in the brain[END_REF][START_REF] Öhman | Of snakes and faces: An evolutionary perspective on the psychology of fear[END_REF][START_REF] Öhman | Fears, phobias, and preparedness: toward an evolved module of fear and fear learning[END_REF][START_REF] Blanchard | Defensive behaviors, fear, and anxiety[END_REF]. This relation between action, perception and threat is central in this thesis.

In this first chapter, I will define what stressors are, describe what responses they induce, and the factors influencing the type of responses. Ultimately, I will ask if we can predict human behavior under threat.

1-Threat: a stimulus inducing motivation to survive

How human brain processes threatening stimuli is one of the most studied topics in neuroscience, as it is relevant for understanding our individual reaction to danger as well as the emergence of anxiety disorders. Threat can be defined as "a statement of an intention to inflict pain, injury, damage, or other hostile action on someone" (Oxford's English dictionaries). Thus, threat is a future-oriented stimulus which is associated with the potential for harm (Scholtz, 2000). It is consequently negatively appraised and responsible for the induction of negative affective emotions as it represents a negative outcome for our well-being, and potentially, our survival. Danger is so much a part of individuals' life that our cognition system is thought to have evolved in response to threat pressures [START_REF] Ledoux | Surviving threats: Neural circuit and computational implications of a new taxonomy of defensive behaviour[END_REF][START_REF] Mobbs | The ecology of human fear: survival optimization and the nervous system[END_REF][START_REF] Taborsky | Towards an Evolutionary Theory of Stress Responses[END_REF]. Indeed, research on the defensive circuits engaged when organisms are exposed to threatening stimuli suggest they have been shaped through evolution to efficiently favor survival [START_REF] Öhman | Fear and anxiety as emotional phenomena: clinical phenomenology, evolutionary perspectives, and information-processing mechanisms[END_REF][START_REF] Öhman | Fears, phobias, and preparedness: toward an evolved module of fear and fear learning[END_REF], as neural circuits are particularly well conserved across mammals (In rats [START_REF] Canteras | The medial hypothalamic defensive system: hodological organization and functional implications[END_REF] In mice: Martinez, Carvalho-Netto, Amaral, Nunes-de-Souza, [START_REF] Martinez | Investigation of the hypothalamic defensive system in the mouse[END_REF]In humans: Mobbs et al., 2007). This suggests the existence of a homology of individual defensive reaction across mammals.

Across phylogeny, qualitatively different reactions to threat have been selected to enable individuals to avoid a large variety of dangers in their environment [START_REF] Bolles | Species-specific defense reactions and avoidance learning[END_REF][START_REF] Fanselow | A functional behavioristic approach to aversively motivated behavior: Predatory imminence as a determinant of the topography of defensive behavior[END_REF].

CHAPTER 1 HUMAN REACTIONS UNDER THREAT: ARE THEY PREDICTABLE?

More precisely, it has been proposed that, when exposed to threat, a Central Fear Generator composed of cortical and subcortical brain regions triggers an emotion episode which is composed of [START_REF] Fanselow | A return to the psychiatric dark ages with a two-system framework for fear[END_REF]): (i) internal autonomic physiological modulations to prepare the body to react (heart rate & respiration [START_REF] Cannon | Bodily changes in pain, hunger, fear, and rage[END_REF][START_REF] Carrive | Conditioned fear to environmental context: cardiovascular and behavioral components in the rat[END_REF][START_REF] Garfinkel | Threat and the body: how the heart supports fear processing[END_REF]Lang, Davis, & Öhman, 2000), glycogenolysis [START_REF] Nirupama | Stress and Glucose metabolism: A Review[END_REF], pupil dilatation [START_REF] Van Steenbergen | Threat but not arousal narrows attention: evidence from pupil dilation and saccade control[END_REF], (ii) defensive motor actions [START_REF] Davis | The role of the amygdala in fear and anxiety[END_REF][START_REF] Fendt | The neuroanatomical and neurochemical basis of conditioned fear[END_REF][START_REF] Perusini | Neurobehavioral perspectives on the distinction between fear and anxiety[END_REF] and (iii) a subjective reportable experience in humans [START_REF] Panksepp | The periconscious substrates of consciousness: Affective states and the evolutionary origins of the self[END_REF][START_REF] Panksepp | The basic emotional circuits of mammalian brains: do animals have affective lives?[END_REF]. Darwin [START_REF] Darwin | The expression of emotions in animals and man[END_REF] argued that emotion episodes play a key role under threat as they prompt improvement of the perception of information inside the surrounding environment and as they interact with motor processes. Aversive emotion stimuli such as snakes, spiders or angry faces are perceptually prioritized (Öhman, 2009): they orient saccadic movements faster and yield more accurate detection than control or non-aversive emotion stimuli [START_REF] Calvo | Facilitated detection of angry faces: Initial orienting and processing efficiency[END_REF][START_REF] Eastwood | Differential attentional guidance by unattended faces expressing positive and negative emotion[END_REF][START_REF] Fox | The detection of fear-relevant stimuli: Are guns noticed as quickly as snakes?[END_REF][START_REF] Öhman | Emotion drives attention: detecting the snake in the grass[END_REF]. In addition, threat-related stimuli are known to enhance contrast [START_REF] Phelps | Emotion facilitates perception and potentiates the perceptual benefits of attention[END_REF], low spatial-frequency sensitivity [START_REF] Bocanegra | Emotion improves and impairs early vision[END_REF] and search efficiency for task-relevant objects [START_REF] Becker | Panic search: Fear produces efficient visual search for nonthreatening objects[END_REF]. The possibility of being harmed is associated with hypervigilance mechanism (Kastner-Dorn, Andreatta, Pauli, & Wieser, 2018). Moreover, it has been proposed that emotional threatening stimuli generate motivational tendency, i.e. a state of readiness to act [START_REF] Bradley | Emotion and motivation I: defensive and appetitive reactions in picture processing[END_REF][START_REF] Meaux | Prioritized neural computations of socially-relevant signals during perceptual decision-making[END_REF][START_REF] Mennella | Rapid approach-avoidance responses to emotional displays reflect value-based decisions: Neural evidence from an EEG study[END_REF][START_REF] Vilarem | Action opportunities modulate attention allocation under social threat[END_REF]. To conclude, under threat, the ultimate goal motivating our actions is to survive and the body is consequently prepared for it.

2-Taxonomy of possible defensive reactions under threat

However, to achieve the goal 'survive' 1 , organisms can respond to danger in a various ways as threat contexts are really diverse and can be highly complex [START_REF] Mobbs | Space, Time, and Fear: Survival Computations along Defensive Circuits[END_REF].

Defensive behaviors are highly selected reactions which increase the survival rate of those who carry out them in an appropriate way [START_REF] Blanchard | Defensive behaviors, fear, and anxiety[END_REF]. Defensive reactions are strongly modulated by features of both the threat stimulus and the context in which it is encountered. Several theoretical models have described factors influencing our actions and cognitive processes under threat (i.e., [START_REF] Blanchard | Defensive behaviors, fear, and anxiety[END_REF][START_REF] Fanselow | A functional behavioristic approach to aversively motivated behavior: Predatory imminence as a determinant of the topography of defensive behavior[END_REF][START_REF] Roelofs | Freeze for action: Neurobiological mechanisms in animal and human freezing[END_REF]. Studies investigating 1 Describing the goal of an endangered individual depends on the level of analysis under examination. At the evolutionary level of analysis, cognition has been shaped to survive and reproduce. At the proximal scale of analysis, the goal is to restore homeostasis by avoiding new stressors (i.e. being harmed) and by reaching safety (to ensure well-being). The proximate mechanisms make the fulfilment of the evolutionary function possible. Both levels of analysis can be used to explain our behaviors under threat.

the defensive circuits in non-human species provide evidence for the identification of at least 5 relatively well-defined prototypes of defensive behavior and the contexts in which they take place.

Decisions under threat would depend on 5 dimensions intrinsic to threat situations: distance to the danger, threat intensity, ambiguity about the source of the danger, the possibility to escape or to hide. These characteristics would favour 5 different strategies [START_REF] Blanchard | Stimulus, environmental, and pharmacological control of defensive behaviors[END_REF]: freezing, flight, risk assessment, defensive threat (i.e., vocalization, body-posture) and defensive attack. Combinations between these environmental factors and strategies are summarized in Figure 1-1, which illustrates the main theoretical models explaining the variability of defensive behaviors. For example, ambiguity is associated with a state of anxiety resulting in assessment and appraisal behaviors, the existence of an emergency exit favors flight behaviors, while proximity to danger without the possibility of escaping or hiding induces a state of fear characterized by defensive threat or attack reactions. (Bottom). This continuum is influenced by other dimensions which favor particular defensive reactions. Adapted from [START_REF] Blanchard | Defensive behaviors, fear, and anxiety[END_REF]; [START_REF] Mobbs | Space, Time, and Fear: Survival Computations along Defensive Circuits[END_REF] [START_REF] Roelofs | Freeze for action: Neurobiological mechanisms in animal and human freezing[END_REF].

One of the questions raised by these studies is the following: do these models also predict human reactions to dangers? In order to investigate the congruencies that exist between defensive systems in non-human animal species and humans, Blanchard et al. [START_REF] Blanchard | Human defensive behaviors to threat scenarios show parallels to fear-and anxiety-related defense patterns of non-human mammals[END_REF]) created 12 scenarios that vary according to the 5 dimensions mentioned above. These scenarios were evaluated by hundreds of participants on the characteristics representing the threat described (magnitude of threat, escapability, effective distance to the threat, clear dangerousness or presence of a place of concealment) and on the most appropriate strategy to adopt (hide, freeze, run away, threaten to scream or call for help, yell/scream/call for help, threaten to attack, attack/struggle, check out/approach/investigate, look for a weapon, beg/plead for mercy/negotiate). Authors correlated participants' self-reported defensive behaviors and parameters of each scenario (see Table 1-1). (1) You are walking alone in an isolated but familiar area when a menacing stranger suddenly jumps out of the bushes to attack you (2) You are alone in an elevator late at night. As it stops and the doors open, a menacing stranger rushes in to attack you, blocking the door (3) You are alone in a car on your way home. While stopped at a traffic signal, an angry stranger begins banging on your car window and yelling threatening things at you (4) Driving along a two-lane road, you see in your rearview mirror that a car is dangerously tailgating you.

They cannot pass and begin honking their horn aggressively at you while continuing to follow too closely (5) It is past midnight and you are walking through an unfamiliar part of town. As you round a corner, you accidentally run into a man. He becomes angry and shoves you (6) You and someone you do not really know that well are standing around and talking in an empty parking lot. The acquaintance begins to shove and push you. You are unsure whether s/he (same sex as you,) is serious or just kidding around (7) You are outside in a park area at night when you see a menacing stranger with a knife about 30 ft. away directly approaching you. It is obvious the person is planning to attack you (8) You are alone as you exit an empty campus building late one night. Just as you get outside, you feel a hand grab your arm (9) You are sleeping in bed during the night, but suddenly wake up thinking you have heard a suspicious noise. It is dark and you are alone (10) You are alone at home one night about to go to bed when the phone rings. You answer it, and there is an unfamiliar voice on the other end. It tells you that they are right outside of your house and hangs up (11) Coming home one day, you find an unexpected shoebox-sized package waiting for you by the mailbox.

As you sit down to open it, you notice a faint ticking sound that appears to come from inside the package (12) Alone at home one night, you have settled down to read a book when you hear some movement right outside of your window. [START_REF] Blanchard | Human defensive behaviors to threat scenarios show parallels to fear-and anxiety-related defense patterns of non-human mammals[END_REF] and the correlation results between parameters of scenario and behavior chosen.

Most of the predictions derived from the animal literature were confirmed in this study. First, ambiguity correlates positively with the risk assessment rate, and attacking behavior correlates positively with proximity to the target and with the inescapability of the scenario. Second, hiding behaviors correlate positively with the conceal/protect scores. However, one result does not meet hypotheses from the animal literature: escaping behavior should correlate negatively with the inescapability of the scenario (which is not the case here). The authors argue that this lack of correlation can be explained by the ambiguity factor, which would prevail over the inescapability factor. In order to verify this hypothesis, they carried out a post-doc analysis of the same correlations between scenarios in which the source of the danger is very ambiguous and scenarios in which it is not. As predicted, they observed a positive correlation in the less ambiguous scenarios. All these results

suggest that the same patterns of defensive strategies identified in studies on non-human animals occur also in humans.

Besides, these results have been replicated over three studies in three different countries: Brazil [START_REF] Shuhama | Defensive responses to threat scenarios in Brazilians reproduce the pattern of Hawaiian Americans and non-human mammals[END_REF], USA [START_REF] Harrison | Exploring the structure of human defensive responses from judgments of threat scenarios[END_REF] and UK [START_REF] Perkins | Reactions to threat and personality: Psychometric differentiation of intensity and direction dimensions of human defensive behaviour[END_REF], suggesting that these results are robust but also not very sensitive to cultural variations. Based on their collected data, Harrison et al. [START_REF] Harrison | Exploring the structure of human defensive responses from judgments of threat scenarios[END_REF] created a data-driven decision tree predicting subjects' choice of defensive responses to threat scenarios depending on the deterministic factors of each scenario. This decision tree was able to correctly predict the most popular response for all scenarios and performed five times better than chance at predicting individual participants' responses. All these studies suggest that our theoretical models of understanding human behavior in threat situations appear to be valid since they are able to predict a large part of our behavior in a wide variety of situations (see Figure 1-2).

But in that case, how can the unexplained variability be determined? A first and a simplest answer is inter-individual variability. Obviously, we are not all acting the same way. For example, Perkins and

Corr [START_REF] Perkins | Reactions to threat and personality: Psychometric differentiation of intensity and direction dimensions of human defensive behaviour[END_REF] investigated which traits (such as anxiety) influenced our defensive strategies. To do so, they categorized strategies along two axes: intensity of the defensive reaction (weak to strong) and trajectory direction of the action (away from or towards the threat). To illustrate, attacking behavior is a high-intensity threat-directed behavior, risk-assessment is also a threat-directed but a low-intensity behavior. Also, freezing is described as neutral because no action is done, and the individual remains at the same distance from threat, whereas flight is an action directed away from the threat (it takes us away from it). The authors then showed that trait anxiety favors low-intensity approach behavior and that punishment sensitivity scores (measured using the BIS scale of the BIS/BAS questionnaire created by Carver & White [START_REF] Carver | Behavioral inhibition, behavioral activation, and affective responses to impending reward and punishment: the BIS/BAS scales[END_REF]) were positively correlated with the probability of avoiding threat. Another explanation would be that the models proposed by Blanchard, Fanselow or Roelofs lack one or more situational factors to explain the set of behaviors observed in threat contexts. 

3-Danger can be a social experience

Critically, exposure to threat are almost always social episodes. Indeed, it turns out that shouting/asking for help is the most defensive response given in some scenarios: according to the participants, seeking assistance and/or collaboration seems to be the appropriate response in certain situations. Furthermore, it is interesting to note that in [START_REF] Harrison | Exploring the structure of human defensive responses from judgments of threat scenarios[END_REF], a negative correlation of -0.8 is observed between the amount of help perceived by participants in the scenarios and the probability of freezing (correlation which is not discussed by the authors). This result suggests that individuals would be more active in the presence of another human-being. However, this correlational analysis does not allow us to identify which type of behaviors the presence of other human fellows would favor. One reason could be that the possibility of receiving assistance is extremely implicit in the scenarios' description, which prevents from clearly identifying a dominant strategy in contexts where social support is available.

While evolution has played an important role in the selection of our response to threatening stimuli, it has also shaped our cognition, generation after generation, so that problem solving can be carried out in groups. If cognition and threat have co-evolved together and if cognition and cooperation have also co-evolved together, it seems relevant to think that cognition, cooperation and threat are intimately linked, and that cooperation plays a major role in response to threat situations. Of interest, tend-andbefriend theoretical model originally developed by Taylor et al. [START_REF] Taylor | Biobehavioral responses to stress in females: tend-and-befriend, not fight-or-flight[END_REF] seems particularly in line with these assumptions. This evolutionary model describes two types of behavior exhibited by organisms in response to threat: protection of offspring (tending) and seeking out their social group for mutual defense (befriending). These strategies represent behavioral sequences selected by natural selection as efficient to increase probability of survival. Under threat, tending behavior such as protecting offspring while blending into the environment reduce probability to be located by the source of threat (e.g., predators). By contrast, befriending behaviors enhance grouping which is associated with numerous benefits inside the social group to maximize protection. In his book 'Antipredator Defenses in birds and Mammals', Tom Caro [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF] reports benefits of the collective reaction organization in threatening situations. Firstly, working in a group allows the distribution of vigilance, reducing the cost of vigilance provided by each individual, and allows individuals to alert one another (using alarm calls) about the presence of a threat. Then, by being part of a group, not only the probability of being captured decreases (e.g., if the predator only captures one individual, the probability of being caught is 1/n, with n being the size of the group) but also, individuals can set up collective attacks (i.e., mobbing). Finally, it has been observed in corvids [START_REF] Emery | Cognitive adaptations of social bonding in birds[END_REF][START_REF] Fraser | The quality of social relationships in ravens[END_REF], elephants [START_REF] Plotnik | Asian elephants (Elephas maximus) reassure others in distress[END_REF], canids [START_REF] Cools | Canine reconciliation and third-partyinitiated postconflict affiliation: do peacemaking social mechanisms in dogs rival those of higher primates[END_REF][START_REF] Palagi | Postconflict third-party affiliation in Canis lupus: do wolves share similarities with the great apes?[END_REF], rats [START_REF] Burkett | Oxytocin-dependent consolation behavior in rodents[END_REF] and great apes [START_REF] Clay | Bonobos respond to distress in others: consolation across the age spectrum[END_REF][START_REF] De Waal | Reconciliation and redirected affection in rhesus monkeys[END_REF]) that consoling behavior is oriented towards individuals in distress, suggesting that empathic mechanisms take place following collective exposure to threat.

Thus, so-called tend-and-befriend defensive reactions appear to be a particularly relevant strategies when individuals collectively face danger.

Surprisingly, in studies of human defensive systems, the presence of social partners is not considered, while humans are a hyper-social species [START_REF] Dunbar | The social brain hypothesis and its relevance to social psychology[END_REF][START_REF] Dunbar | The social brain meets neuroimaging[END_REF][START_REF] Hill | Social network size in humans[END_REF]. Two main reasons can be found. The first one is technical: the investigation of cognitive mechanisms is much simpler in social isolation than in a group, because it would mean being able to accommodate several participants and to measure their behavior/(neuro)physiological state at the same time.

Moreover, the experimental context would be more unpredictable in presence of several participants but also less controlled (more confounding factors and variability in the data). The second reason is that believing our reactions to be selfish and highly self-preservative in threatening situations is a common thought [START_REF] Dezecache | Human collective reactions to threat[END_REF]. This popular belief posits that, in situations of collective danger, individuals would panic, i.e. they would be subject to an "acute fear reaction, marked by a loss of selfcontrol followed by irrational and anti-social flight behavior" [START_REF] Quarantelli | The nature and conditions of panic[END_REF]. It would manifest as a feeling of instinctive, irrational and uncontrollable fear that could propagate from one individual to another, making their actions reckless and selfish [START_REF] Alexander | Misconceptions as a barrier to teaching about disasters[END_REF][START_REF] Drury | Psychological disaster myths in the perception and management of mass emergencies[END_REF].

In real life, this would lead to a competition for the few escape routes, each individual behaving in order to maximize his or her own chances of escape, even if it results in deadly trampling and jeopardizing the survival of other members of the group to one's own benefit [START_REF] Brown | Mass phenomena[END_REF].

This representation of selfish behavior in response to danger is extremely rooted in people's mind [START_REF] Wester | Fight, flight or freeze: Assumed reactions of the public during a crisis[END_REF]. In a study in which 354 American subjects were questioned about their beliefs about people's reactions in emergency contexts [START_REF] Wenger | It's a Matter of Myths-An Empirical Examination of Individual Insight into Disaster Response[END_REF], 83% shared this opinion, despite the fact that they had personally never faced a situation of collective danger (79% of them). These results were recently replicated with a French sample (Le [START_REF] Montréer | Représentations des citoyens français sur les foules en situation d 'urgence[END_REF], supporting that panic is also quite prevalent in citizens' representation of crowds in emergency situations. More surprisingly, this idea of panic is also particularly robust even for people dealing with emergency situations (firemen, security guards and policemen) but in a lesser way than in general population [START_REF] Drury | Psychological disaster myths in the perception and management of mass emergencies[END_REF][START_REF] Nogami | Disaster myths among disaster response professionals and the source of such misconceptions[END_REF]. This false belief most likely impacts the way in which sociality has been considered an explanatory factor for our behavior in situations of danger: indeed, if the social link is considered broken during threatening situations, then the investigation of collective reactions is meaningless.

Yet, among social science studies that have collected and analyzed reports from individuals who actually experienced emergency situations, individual and collective behaviors described in such contexts depict a very different vision: there is in fact a relative absence of collective panic, and a prevalence of pro-social behavior over self-preservative ones [START_REF] Dezecache | Human collective reactions to threat[END_REF][START_REF] Drury | The role of social identity processes in mass emergency behaviour: An integrative review[END_REF]Drury, Cocking, & Reicher, 2009a). The number of examples based on the disaster literature illustrating the maintenance of social bonds is very large and is still growing. The most common witnessed behaviors are helping (i.e. to give help) and cooperation (i.e. mutual support). Chertkoff and Kushigian [START_REF] Chertkoff | Don't panic: The psychology of emergency egress and ingress[END_REF] identified that the evacuation of the World Trade Center during the 1993 bombing was calm, and people provided support to one another, despite the darkness, smoke and uncertainty. Same results were obtained in Proulx and Fahy's study [START_REF] Fahy | Analysis of published accounts of the world trade center evacuation[END_REF] of the September 11 attacks. Even though people were conscious of the high level of danger (85% most of the participants had moderate or full knowledge of what had happened), people perceived others as reacting calmly and helping each other (found in 46% of the reports). In the context of the London bombings of July 7th of 2005 [START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF], there was also substantial evidence that sociality was preserved (see Figure 1-3): survivors reported witnessing (and receiving) help, and many reported providing assistance, including reassuring people, sharing water, physically supporting them during evacuation, checking on others, and even tying tourniquets. Only a small number described personally selfish behaviors (such as pushing others). Similarly, a survey of survivors of Typhoon Haiyan (Philippines) in December 2013 revealed signs of solidarity, especially between individuals who did not know each other [START_REF] Bartolucci | Survivors' solidarity and attachment in the immediate aftermath of the Typhoon Haiyan (Philippines)[END_REF]. It is important to note that in these situations where the danger is brief, the sense of life-threatening danger is much more long-lasting: after explosions, there is no way of knowing whether a new explosion is coming and whether we need to prepare for a new danger. Thus, the prevalence of cooperative behavior in these disasters does not seem to be explained by the fact that survivors have judged their decision to help to be risk-free [START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF], 2009a). Moreover, studies reporting many individualistic behaviors are strongly criticized. For example, in the 1903 Iroquois theater fires, where nearly 600 people died, and in the Cocoanut Grove Theater fire in 1942, where nearly 500 people died, it has been claimed that deaths were mainly due to the flight behavior of the crowd. In reality, it turned out that the emergency exits were not adapted and that the number of people present was higher than the maximum authorized [START_REF] Chertkoff | Don't panic: The psychology of emergency egress and ingress[END_REF]. As a result, this does not directly foretell a lack of cooperation among crowd members. In fact, it seems that our social cognition is still working under threat (i.e., not interrupted). Besides, our behavior is marked by the prevalence of supportive behavior. To understand the human reactions under threat, it still remains necessary to investigate factors and motives responsible for maintaining collective actions when we are exposed to danger.

4-Why would sociality be maintained in a situation of danger?

In his 2015 review, Dezecache reports three reasons why sociality would be maintained in a situation of danger. The first one is that social norms [START_REF] Aguirre | Normative collective behavior in the station building fire[END_REF][START_REF] Donald | Intentionality and fatality during the King's Cross underground fire[END_REF] would survive in a dangerous situation. The literature reports many cases

where "women and children first" or the protection of the elderly have influenced the actions of individuals during disasters. During the sinking of the Titanic, the lifeboats were mainly occupied by women and children [START_REF] Frey | Interaction of natural survival instincts and internalized social norms exploring the Titanic and Lusitania disasters[END_REF]. Similarly, during the Beverly Hills Supper Club fire [START_REF] Johnson | Fire in a crowded theater: A descriptive investigation of the emergence of panic[END_REF], many newspapers reported that young people were helping the elderly to escape from the facility. These social norms limited competitive behavior and even encouraged social support and pro-social behavior towards the weaker ones. Nevertheless, it would seem that when the probability of survival decreases very rapidly, social norms no longer stand: survival drives can overcome the respect of social norms [START_REF] Frey | Interaction of natural survival instincts and internalized social norms exploring the Titanic and Lusitania disasters[END_REF]. The second reason is proposed by Mawson [START_REF] Mawson | Understanding mass panic and other collective responses to threat and disaster[END_REF][START_REF] Mawson | Mass panic and social attachment: The dynamics of human behavior[END_REF] who describes that what drives our behavior in threatening situations is the need for affiliation. When we face a threat, we seek for familiar cues rather than the exit, because the presence of familiar others is responsible for social buffering (i.e., their presence reduces the physiological, endocrinological and subjective response to stress). This affiliation tendency explains why people were shown to turn toward loved ones (even if it means putting oneself in danger) and tend to form clusters of familiar individuals before starting to leave, which is against a primary "fight or flight" reaction under threat. Nevertheless, this theory does not explain the set of prosocial behaviors oriented toward strangers. Finally, the third reason, defended by Drury and colleagues (see [START_REF] Drury | The role of social identity processes in mass emergency behaviour: An integrative review[END_REF] for a review), argues that sharing a danger together is responsible for creating a shared social identity between victims through experiencing altogether a common fate. As an example, during the London bombing attacks [START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF], survivors reported their experience using words as "unity", "together", "similarity", "affinity", "part of a group" or "teamness". Of interest, respondents who described experiencing unity also described helping others. Sense of shared or common fate appears to enhance mutually supportive behaviors between crowd members.

In addition, a fourth reason can be raised. Once again, if we place ourselves in a motivational framework, the goal leading our action in a threatening situation is to survive as the functioning of our organism (including its cognitive system) has been shaped by natural selection to reproduce. Then, it is necessary to monitor and overcome obstacles representing a cost for our survival. The majority of neuroscience research has largely focused on the processing of threat cue. Nevertheless, the environment surrounding us is made up of many elements that can help us maximizing our survival.

For example, whether they perceive a weapon or a hiding place, individuals may differ in their preference to fight, flee or freeze. If in some situations, monitoring threat is more instrumental for survival (i.e. use to achieve the goal), sometimes monitoring safety signals, such as potential weapons or escape routes, can be more relevant for reaching safety [START_REF] Vogt | Safety first: Instrumentality for reaching safety determines attention allocation under threat[END_REF]. But what if others were a relevant resource for survival? Befriending behaviors (in reference to tend-andbefriend model, [START_REF] Taylor | Tend and befriend: Biobehavioral bases of affiliation under stress[END_REF][START_REF] Taylor | Biobehavioral responses to stress in females: tend-and-befriend, not fight-or-flight[END_REF] in animal seems to be quite relevant to reduce probability of being hurt under threat, anxiety and individual cost in defensive actions [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF]. It is very likely that mechanisms allowing for tend-and-befriend defensive reactions have been selected by evolution [START_REF] Taylor | Social responses to stress: The tend-and-befriend model[END_REF]. Consequently, we believe that conspecifics can bring safety, in a similar way to the carrying of a weapon or the proximity of a hiding place. This assumption is in line with Rofé's utility affiliative theory [START_REF] Rofé | Stress and affiliation: A utility theory[END_REF], whereby affiliative tendencies depend on the perceived or anticipated cost-benefit ratio of being with another to one's own ability to cope with anxiety. Hence, the greater the probability being with another will help coping with anxiety (by either eliminating or decreasing the source of danger or by providing social support), the stronger the tendency to affiliate. Altogether, it suggests that the brain appraises the value of all cues available in the surrounding environment, in particular the social ones, to choose the better strategies based on a cost-benefit ratio. If one wants to fully predict defensive reaction under threat, it is fundamental to integrate sociality as a relevant factor. However, to understand the role of sociality in survival, it is necessary to understand whether and why social cognition is working under threat and clearly identify the benefits of the different social strategies that can take place.

Two studies led by Dezecache et al. support this theoretical position. In a first study [START_REF] Dezecache | The nature and distribution of affiliative behaviour during exposure to mild threat[END_REF], the authors took advantage of a series of photographs freely accessible online, of visitors participating to a haunted house attraction. Among spontaneous reactions, two salient behaviors were particularly frequent in this picture: hiding behind as well as gripping another person.

While the role of hiding is clearly to protect oneself, the motives of gripping is more ambiguous. This affiliative reaction can be underlain by two opposite functions: gripping could be either produced to protect oneself, or as a way to protect others. To investigate the motivational correlates of affiliative behaviors in dangerous situation, authors quantified the proportion of gripping and notably mutual gripping depending of the size of the groups, the composition of groups and the distance of members to the source of threat (see Figure 1234). They observed that gripping is a common phenomenon as it has been observed 75% of the time suggesting that one of the primary reactions to danger can be finding a social partner. However, as group size increased, the number of mutual gripping (i.e.

reciprocal protection) decreased, suggesting that gripping behavior most probably reflects a selfpreservative motivation. Coherently, they outlined two findings: they first observed the nearest the individuals are from the source of threat, the less they received social support. In addition, they noticed that juveniles are the age-class who received the least of reciprocal protection. Altogether, these results suggested that affiliation can be supported by instrumental motives as social contacts were toward people with the more resources to help. where an escape road was available and when the probability to be injured increased (see Figure 12345).

The proportion of supportive action decreasing can be the outcome of a cost-benefit ratio in favor of escape or hiding. Conversely, authors reported a positive relationship between the feeling of being under the same common fate and the probability of acting together. It suggests that, as Drury and al. [START_REF] Drury | The role of social identity processes in mass emergency behaviour: An integrative review[END_REF] proposed, the sense of sharing a same social identity promotes positive in-group actions.

In addition, authors noticed that the supportive action could be underlain by different types of motivation. Actions could be described as individualistic (when the welfare of an agent is the only thing being relevant, and the welfare of others being ignored), cooperative (the welfare of the agent and others are both relevant) and altruistic tendencies (the welfare of the others is the only thing considered). Identification of motivations under socially supportive action revealed that 6.5 % of them were described as individualistic, 40.5% were instances of cooperation, and 53% were classified as altruistic.

To conclude, socially supportive action strategies seem therefore really frequent but they depend on two conditions: first, there are no other potentially beneficial options (such as fleeing or hiding) and second, a minimal sense of safety has to be meet. In addition, supportive actions seem to reflect a variety of psychological incentives. The investigation of the possible action planned under threat, in particular social ones, should be performed by considering their associated payoff structures. Based on their results, we proposed several assumptions. First, we posits that perception of danger boosts people's perception and investment in supportive action opportunities, insofar as those are likely to offer immediate emotional or physical comfort. Consequently, supportive behavior is not a 'by-default option' as this type of action is preferred only when safety cannot be met by other actions (i.e. escape not possible and the danger is away) and can be underlain by a spectrum of possible incentives. Psychological motivations underlying supportive actions for which the respondent was the agent.

5-Conclusion of the Chapter

Exposure to a threat requires to react effectively in order to satisfy a unique goal: proximally, to survive, and ultimately, to reproduce. Situations in which we feel threatened take extremely different forms: depending on its contextual variations, different reactions to threat have been shaped and selected by evolution. Scientific progress in the understanding of defense circuits allow the construction of models establishing a taxonomy of different responses to threat. These models seem to be able of predicting an important part of behaviors initiated in a threat situation. A long-forgotten factor explaining a good part of the variability of our reactions (especially collective ones) in situations of danger could be the presence and availability of others. It is deeply rooted in the popular belief that our reactions are antisocial in situations of danger. However, social science studies based on interviews with survivors of natural disasters or terrorist attacks reveal that social bonds would be maintained or even strengthened under threat.

Of course, individualistic behaviors have been reported and are part of strategies set up when we feel threatened. Nevertheless, mutual assistance and social support is very frequent in survivors' narratives.

Four explanations have been put forward to explain why social cognition would be maintained. The first three explanations suggest cooperation is in some way an indirect consequence of threat: (i) social norms pre-established before threat would be maintained, (ii) identity fusion would favor pro-social behaviors with people sharing the same fate and (iii) the need for affiliation would induce behaviors allowing the social link with familiar ones to be maintained. Conversely, the fourth approach (motivational/instrumental) highlights that collective actions are relevant solutions for survival, which consequently do not take place if the cost-benefit ratio is too small (e.g. under fire) or if there is a better strategy (e.g. if one can run away). Thus, whether one would adopt social or asocial strategies in a threat situation could be context-dependent and modulated by the cost-benefit ratio of an action at a given moment (with the presence of others being included in the computation of this trade-off calculation). It also means that self-preservative action can be both social (helping another person to progress through the crowd) and asocial (solitary flight). Therefore, it seems important to integrate this cost-benefit component in order to better understand how threat affects the cognitive mechanisms underlying our ability to integrate others in our decisions in a flexible manner.

To conclude, social cognition is maintained under threat and it should be part of the current models of defensive reaction under threat. However, some caveats should therefore be kept in mind when interpreting these results: respondents represent a small proportion of individuals who were exposed to sources of danger. Thus, they may not be representative of those who survived these events. In addition, some interviews took place days, months or even years after the events. Memory, social desirability and self-presentation biases may interfere during interviews. For example, in Dezecache et al.'s study on the Bataclan attacks, it is very likely that the quantity of individualistic supportive actions was underestimated and the altruistic one overestimated. There is still a lot of work to be done to understand the complexity of our behavior in threat situations, especially on this collective aspect.

In particular, derived from the results obtained by Dezecache and colleagues, we argue the perception of danger would transform social cognition (instead of breaking the social bond as it is generally thought). However, although these studies allow us to analyze qualitatively and quantitatively behaviors established in life-threatening contexts, we could not really identify potential modulations of the socio-cognitive functions that are important for social interactions. To understand whether there is indeed a "transformation of social cognition" by threat, it is necessary to momentarily abandon field research and get back to controlled laboratory experimentation. Lab experimentations allow us to investigate the cognitive mechanisms involved when integrating other human fellows, the signal they convey and their action, during an exposition to a threatening stimulus.

CHAPTER 2

HOW DOES THREAT TRANSFORM SOCIAL COGNITION?

Understanding the cognitive functions involved in social interactions has gradually increased, but their study is still limited to classic everyday situations. Indeed, the number of studies investigating sociocognitive functions in situations such as danger is scarce. The present chapter aims at describing the literature that investigated the impact of threat on socio-cognitive mechanisms, and at drawing parallels with the theoretical position presented in the previous chapter. To our knowledge, there is no existing review of how the 'sense of being threatened' modulates social cognition. Building a state-ofart of how social cognition is transformed by threat is currently necessary to progress in our understanding of human reaction under threat.

1-How can we deepen our understanding of our reactions in threat situations in the field of cognitive psychology?

Surprisingly, if the question of sociality has been barely addressed in models of defensive reactions to threat, the question of being antisocial or prosocial is the core of many studies investigating the modulation of socio-cognitive functions by stress [START_REF] Nickels | Sex Differences in the Effects of Psychosocial Stress on Cooperative and Prosocial Behavior: Evidence for 'Flight or Fight' in Males and 'Tend and Befriend' in Females[END_REF][START_REF] Steinbeis | The effects of stress and affiliation on social decision-making: Investigating the tend-and-befriend pattern[END_REF]. This literature very often opposes the two positions described in Chapter 1: the tend-and-befriend and the (freeze) flight-or-fight 2 . It is hypothesized that, if stress favors tendand-befriend strategies, social bonds should be maintained or even reinforced during dangerous situation. This type of strategy would then be reflected by an increase in the number of social decisions taken and in a significant involvement of the mechanisms essential to our daily interactions. The opposite would be expected in the case of so-called asocial strategies. To test this, these different studies needed effective experimental paradigms to approach the concept of threat.

1.1-Two main approaches to investigate threat

The two main approaches investigating threat are summed up in Figure 2-1. First, it is possible to create an artificial threat situation during which we can measure the online behavior of participants.

We can control experimental factors that are expected to influence our decisions under threat. This is very difficult in the case of a real threat, since it is not possible to predict its arrival and its evolution.

2 These studies are rooted in the traditional dichotomy between asocial and prosocial strategies, which assumes selfpreservative actions to be necessarily asocial. However, in the previous chapter, we criticized this vocabulary by showing that social bond may be maintained in order to carry out instrumental collective actions (i.e. for my personal interest only). In this chapter, I will borrow the vocabulary of the studies I will quote, which can be confusing considering my conclusion of the previous chapter. Nevertheless, I will progressively pointing out that this vocabulary is not necessarily appropriate.
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In practice, this type of studies is carried out either in virtual reality (the participant has to escape from a burning tunnel (Kinateder, Ronchi, Gromer, et al., 2014), or from a station that has just been bombed (Drury, Cocking, Reicher, et al., 2009), or through evacuation drills (i.e. fire alarms in a theater, [START_REF] Nilsson | Social influence during the initial phase of a fire evacuation-Analysis of evacuation experiments in a cinema theatre[END_REF]. Different factors can be manipulated by the experimenter to match dimensions of threat: ambiguity and level of threat, physical constrains impacting hiding or escaping reactions as well as the presence of other individuals (virtual avatars) which may then influence our action choices.

Alternatively, classical laboratory experiments using cognitive tasks can be used. These studies will then simulate a threat by exploiting some sub-components of a threat (negative emotional experience, impact on well-being, pain, which can induce a stress response, etc.) to transform them into experimental factors. The purpose is to associate these experimental factors with a task of interest allowing us to measure a behavior or a cognitive function. Experimental designs created to investigate threat are various and differed in a lot of parameters. First, the measurement of interest can be assessed simultaneously or after the exposition with the stressor. Then, dimensions of stressors are highly variable. As these factors can impact results and interpretation of the recorded data, I propose first to summarize the different simulations used in classical laboratory experiments.

1.2-Experimental designs of stress procedures used in classical laboratory experiments.

Stressor may be social, i.e. the acute stress state plays with the threat of reputation costs to the participants. There are at least two procedures used at this aim. First, the Trier Social Stress Test (TSST), in which participants must unexpectedly prepare a job interview in front of a panel of strangers followed by a set of mathematical exercises that are far too difficult to be passed (for review [START_REF] Frisch | The Trier Social Stress Test as a paradigm to study how people respond to threat in social interactions[END_REF]. This paradigm was created by Kirschbaum, Pirke & Hellhammer in 1993(Kirschbaum, Pirke, Hellhammer, 1993) in order to induce a state of psychological and biological acute stress in participants in the laboratory. This stress episode is characterized by a cortisol peak from 20 to 45 minutes after the beginning of the procedure (through Hypothalamic-Pituitary-Adrenal (HPA) axis) and by the activation of the sympathetic system (increased heart rate, high skin conductance activity, alpha amylase saliva) throughout the procedure. Sympathetic system returns to its baseline immediately afterwards [START_REF] Berger | Cortisol modulates men's affiliative responses to acute social stress[END_REF][START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF][START_REF] Vinkers | Time-dependent changes in altruistic punishment following stress[END_REF] [START_REF] Jönsson | Cardiovascular and cortisol reactivity and habituation to a virtual reality version of the Trier Social Stress Test: a pilot study[END_REF][START_REF] Zimmer | Virtually stressed? A refined virtual reality adaptation of the Trier Social Stress Test (TSST) induces robust endocrine responses[END_REF].

Second, very similar to the TSST, the Montreal Imaging Stress Task [START_REF] Dedovic | The Montreal Imaging Stress Task: using functional imaging to investigate the effects of perceiving and processing psychosocial stress in the human brain[END_REF] proposes to induce a state of stress by asking participants to solve arithmetic problems with a strong time pressure under the eye of the experimenter. For both procedures, the task of interest is performed after exposure to stressor and preferably when the cortisol level is at its peak level.

Stressor may also be physical in nature, i.e. a danger to participant's physical integrity. Two procedures are generally employed. The first is the Cold Pressor Test (CPT, [START_REF] Errico | Attenuated cortisol response to biobehavioral stressors in sober alcoholics[END_REF][START_REF] Pascualy | Hypothalamic pituitary adrenocortical and sympathetic nervous system responses to the cold pressor test in Alzheimer's disease[END_REF]. This is an aversive paradigm in which participants' hands are dropped into cold water (from 0 to 4 degrees) for one to two minutes. Like the TSST, this procedure increases cortisol levels as well as sympathetic nervous system. However, physiological responses and subjective reports of perceived aversion appear to be less important for this paradigm than with the TSST [START_REF] Mcrae | Stress reactivity: biological and subjective responses to the cold pressor and Trier Social stressors[END_REF]. A social variant has been proposed, the Social Evaluative CPT [START_REF] Schwabe | HPA axis activation by a socially evaluated coldpressor test[END_REF][START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF], in which participants are warned that their facial expression would be filmed while they have to judge the water temperature with their hands. The addition of a psychosocial stressor amplifies the effect of CPT on cortisol levels. Again, the task of interest is performed after exposure to stressor.

The second procedure is the Threat-of-Shock paradigm: it is a technique for inducing prolonged stress (i.e., anxiety) with a within-subject design (for review: Oliver Joe Robinson, Vytal, Cornwell, & Grillon, 2013). It consists of dividing an experimental task into threat blocks, in which participants can receive an electric shock at any time, compared to safe blocks in which they do not. The unpredictable nature of this aversive stimulus is responsible for the induction of hypervigilance state [START_REF] Balderston | Threat of shock increases excitability and connectivity of the intraparietal sulcus[END_REF]. It manifests itself by a negative subjective experience [START_REF] Bublatzky | Contextual information resolves uncertainty about ambiguous facial emotions: Behavioral and magnetoencephalographic correlates[END_REF][START_REF] Garibbo | The impact of threat of shock-induced anxiety on the neural substrates of memory encoding and retrieval[END_REF], accompanied by intrusive thoughts [START_REF] Grillon | Anxietymediated facilitation of behavioral inhibition: Threat processing and defensive reactivity during a go/no-go task[END_REF][START_REF] Grillon | Effect of attention control on sustained attention during induced anxiety[END_REF] and an increase activity in the sympathetic nervous system (startle reflex or SCL, i.e. [START_REF] Bradley | Startle reflex modulation during threat of shock and "threat" of reward[END_REF] during threat blocks compared to the safe ones. To our knowledge, there is no evidence in favor of cortisol involvement in the response to sustained stress induced by electric shocks [START_REF] Berghorst | Acute stress selectively reduces reward sensitivity[END_REF][START_REF] Maruyama | Differences in salivary alpha-amylase and cortisol responsiveness following exposure to electrical stimulation versus the trier social stress tests[END_REF]. A possible explanation would be the alternation between the Threat and Safe blocks would prevent the stress axis from getting out of control. Nevertheless, CPT procedure (which is a shorter manipulation than the threat-of-shock) is enough to induce an HPA axis response. Future studies will need to clearly identify the implication or not of the HPA axis in the Threat-of-Shock paradigm.

Finally, some studies have attempted to induce a stress response in a more indirect way. First, it is possible to induce a negative emotional state in participants by displaying segments of film characterized as scary/anxiogenic [START_REF] Stanković | Functional brain asymmetry for emotions: psychological stressinduced reversed hemispheric asymmetry in emotional face perception[END_REF] or by asking them to recall a very stressful event [START_REF] Cataldo | The effect of emotional state on visual detection: A signal detection analysis[END_REF]. Some studies have also induced stress by using a pharmacological induction [START_REF] Margittai | Dissociable roles of glucocorticoid and noradrenergic activation on social discounting[END_REF][START_REF] Schultebraucks | Selective attention to emotional cues and emotion recognition in healthy subjects: the role of mineralocorticoid receptor stimulation[END_REF]. An increase of both the HPA axis and the sympathetic nervous system activities can be achieved by using respectively an administration of hydrocortisol (cortisol) or α2adrenergic antagonist yohimbine which effects are then compared to a placebo. Finally, some authors use temporal pressure to investigate our reactions to danger [START_REF] Rand | Spontaneous giving and calculated greed[END_REF]. Although this method may appear to be far different from the others, the temporal pressure remains relevant for understanding our cognition under threat insofar as, in danger situations, the speed of decision-making can be decisive. Time pressure is one of the stressing factors in the TSST or MIST procedures.

1.3-Organization of the review 'How does threat transform social cognition?'

These different paradigms have been used in various studies. In order to introduce this literature 3 , I have decided to create three subgroups, each of them will be detailed:

1-How social decision-making is impacted by exposure to a threat/stress: this part is going to detail whether individuals make prosocial or self-preservative choices AFTER being exposed to a stressor (measurement post-manipulation).

2-How sociocognitive mechanisms are modulated following exposure to a threat/stress event: this second part will specify how social cognition functions (i.e. emotional perception or self-other representation) are modified AFTER being exposed to a stressor (measurement post-manipulation).

3-How sociocognitive mechanisms are modulated under threatening contexts: this third part will describe how social cognition functions (i.e. emotional perception or self-other representation) are modified DURING exposition to a stressor (measurement during manipulation). 3 In this review, described articles reflect the literature accumulated during my Ph.D. There were no rules for article selection as it would have been expected for a review article submitted to a publication process. Over the last three years, I regularly conducted an electronic search in Google Scholar for publications from Bublatzky, Drury, Ernst, Grillon, Margittai, Robinson, Todd, Tomova & von Dawans. The selected articles needed to focus on stress/threat and social cognition or attention and motivation. Introduction and discussion of these articles were screened to find new relevant publications. This review is consequently non-exhaustive. 

2-Social decision-making and stress

In order to understand whether stress favors affiliative tendencies (tend-and-befriend) or selfpreservative tendencies (fight-or-flight), the operational hypothesis postulated by many authors is the following: after exposure to a stressor, our decisions can be (i) asocial by favoring our own benefits or (ii) social by favoring the benefits of others. In order to draw a portrait of the literature, results from 17 different studies were compared here. This is not exhaustive but it provides enough evidence to draw some conclusions about the relationship between stress and social decision-making. 

2.1-Trust and Trustworthiness

Social trust can be defined as people's tendency to invest in social interactions in which their potential benefits are affected by others' behavior [START_REF] Mell | Early life adversity is associated with diminished social trust in adults[END_REF]. Thus, social trust reflects the willingness of an individual to be vulnerable to others' actions and depends on individual's estimation of the probability that others will actually be trustworthy with them [START_REF] Mayer | An integrative model of organizational trust[END_REF].

Trust and trustworthiness attitudes can be assessed using the Trust game. In the Trust game (von [START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF], one player first decides to trust or not a second player by giving money to him or not, knowing that the money sent will be tripled by the experimenter. Then, the second player decides to be trustworthy or not by respectively sharing or keeping all the money for him. First, results show that trust and trustworthiness are diminished following exposure to a physical stressor [START_REF] Potts | To trust, or not to trust? Individual differences in physiological reactivity predict trust under acute stress[END_REF][START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF]. However, the presence of an additional social pressure (a socio-evaluative component) can counterbalance the effect of a physical stressor (two out of three studies: [START_REF] Potts | To trust, or not to trust? Individual differences in physiological reactivity predict trust under acute stress[END_REF][START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF]. Exposure to social stress alone (von [START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF][START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF] promotes trust and trustworthiness attitudes (three out of four studies): it is quite interesting to note that a decrease was only observed in the unique study in which only one participant in the room was in an acute stress [START_REF] Steinbeis | The effects of stress and affiliation on social decision-making: Investigating the tend-and-befriend pattern[END_REF]. These results suggest that sharing a stressful situation (i.e. being stress together) could influence our prosociality (insofar as trust and trustworthiness attitudes are concerned).

2.2-General Altruism

General altruism is defined as individual temperament that support behaviors bringing advantages to others, even if it results in disadvantage for yourself. To assess it, studies in decision-making usually used the dictator [START_REF] Kahneman | Fairness as a constraint on profit seeking: Entitlements in the market[END_REF] or the sharing games (von [START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF]: they consist in deciding if you want to share an amount of money or not with someone else.

Importantly, the receiver cannot impact the decision outcome by rejecting the proposition and cancelling the gain for both players: this is why it is supposed to assess altruism. In addition, altruism can be assessed by quantifying the amount of risky behavior undertaken for other (while no benefit is associated with this risk-taking, [START_REF] Nickels | Sex Differences in the Effects of Psychosocial Stress on Cooperative and Prosocial Behavior: Evidence for 'Flight or Fight' in Males and 'Tend and Befriend' in Females[END_REF]. Results show that exposure to a social stressor (monetary) increase sharing behavior with a second virtual player [START_REF] Nickels | Sex Differences in the Effects of Psychosocial Stress on Cooperative and Prosocial Behavior: Evidence for 'Flight or Fight' in Males and 'Tend and Befriend' in Females[END_REF][START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF], while it decreases when participants had to share with a charity [START_REF] Vinkers | Time-dependent changes in altruistic punishment following stress[END_REF]. Of note, one study reports no effect of the social stressor on general altruism [START_REF] Steinbeis | The effects of stress and affiliation on social decision-making: Investigating the tend-and-befriend pattern[END_REF]. A possible explanation would be that in the case of the charity organization, the recipient is more abstract and the consequence on the reputation as well. Also, stressed participants report more often they would rescue someone in need after reading hypothetical scenarios, even if it is a risky decision to them [START_REF] Nickels | Sex Differences in the Effects of Psychosocial Stress on Cooperative and Prosocial Behavior: Evidence for 'Flight or Fight' in Males and 'Tend and Befriend' in Females[END_REF]. In contrast, CPT-induced stress reduces sharing behavior (von [START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF]. Again, this effect seems to be inhibited when the physical stressor is combined with social stress. To conclude, altruistic behavior can globally be reinforced when a social component is associated with a stressful context.

2.3-Maintenance of social norms

An interesting way of investigating how others is considered under threat is to see whether we respect the informal rules that drive and limit our behavior in society (acting in a moral and fair way or not).

Concerning the maintenance of social norms, when examining the literature on moral dilemmas, studies brings contradictory results: following exposure to stress, one study reports a positive correlation between cortisol elevation and altruistic decisions [START_REF] Singer | Acute psychosocial stress and everyday moral decision-making in young healthy men: The impact of cortisol[END_REF] while another one shows a negative correlation [START_REF] Starcke | Does stress alter everyday moral decisionmaking?[END_REF]. It is important to note that, the first study was conducted on a male population cohort while the second is gender balanced. These results are thus inconclusive regarding social norms.

Fairness can be quantified using the Ultimatum [START_REF] Güth | An experimental analysis of ultimatum bargaining[END_REF] and Punishment Games (von [START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF]. In these games, one player receives an amount of money that he has to share with a second player. If the money is equally divided, the game is fair, and it is unfair otherwise. Importantly, the second player can reject the proposal and punish his partner for an unfair proposal. Proportion of proposal rejection can be used as proxy of sensitivity to fairness [START_REF] Youssef | Sex differences in the effects of acute stress on behavior in the ultimatum game[END_REF]. Interestingly, neither study observed an increase in the number of rejections of unfair proposals. Conversely, it seems that stress (mostly social stress in the studies listed) decreases or maintained the rejection rate [START_REF] Prasad | Preliminary evidence that acute stress moderates basal testosterone's association with retaliatory behavior[END_REF][START_REF] Steinbeis | The effects of stress and affiliation on social decision-making: Investigating the tend-and-befriend pattern[END_REF][START_REF] Vinkers | Time-dependent changes in altruistic punishment following stress[END_REF][START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF][START_REF] Von Dawans | Acute social and physical stress interact to influence social behavior: The role of social anxiety[END_REF][START_REF] Youssef | Sex differences in the effects of acute stress on behavior in the ultimatum game[END_REF]. Overall, these results suggest that the willingness to expect fairness is possibly diminished by stress, with participants limiting costly punishments to maximize their gain. Indeed, in a stressful situation, any gain for oneself is good to take (rather an asocial/self-centered gain). Nevertheless, some authors have proposed an alternative interpretation to the reduction of the rejection rate: namely that it is preferable to maintain the link between the two players of these economic tasks, which would rather reflect tendand-befriend tendencies [START_REF] Youssef | Sex differences in the effects of acute stress on behavior in the ultimatum game[END_REF]. Future studies should distinguish between these two totally plausible but antagonist explanations.

2.4-Antisocial or Cooperative Decision

Finally, few studies investigated antisocial behaviors and moreover they are not gender balanced. On one hand, male participants seem not to punish gratuitously under stress [START_REF] Steinbeis | The effects of stress and affiliation on social decision-making: Investigating the tend-and-befriend pattern[END_REF], but on the other hand, they more often allow themselves to bet using others' gains [START_REF] Bendahan | Acute stress alters individual risk taking in a time-dependent manner and leads to anti-social risk[END_REF].

Concerning cooperative strategies, the literature is not convincing. Under time pressure, it seems that the amount of money invested for our social group increases [START_REF] Rand | Spontaneous giving and calculated greed[END_REF]. However, this factor does not seem to affect the amount distributed during a social discounting task (a sharing money decision task in which experimenters varied the social proximity of player #2, [START_REF] Passarelli | How do stress and social closeness impact prosocial behavior? Experimental Psychology[END_REF]). When this task is carried out after a TSST-G procedure, Margittai et al. showed an increase in generosity toward close others [START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF]. While this result was not replicated in a recent study using a TSST-G procedure [START_REF] Passarelli | How do stress and social closeness impact prosocial behavior? Experimental Psychology[END_REF], it was by pharmacological inducing a cortisol peak [START_REF] Margittai | Dissociable roles of glucocorticoid and noradrenergic activation on social discounting[END_REF]. Sample size and participants' gender may explain these different results. However, it is important to note that a decrease of sharing was never observed in these studies.

Interestingly, Margittai et al. [START_REF] Margittai | Dissociable roles of glucocorticoid and noradrenergic activation on social discounting[END_REF] investigated the implication of two stress neuromodulators, cortisol and noradrenaline, on social discounting. To do so, four groups of male participants performed cooperative decisions after administration of placebo, hydrocortisol, α2adrenergic antagonist yohimbine or both substances, respectively. While hydrocortisone administration promoted prosocial tendencies towards close others (replicating results in [START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF], the combined pharmacological induction of the HPA axis and of the sympathetic nervous system cancelled out the effect of cortisol on prosociality. These results suggest that the sympathetic system promotes fight-or-flight tendencies while cortisol (HPA) fosters tend-and-befriends strategies. However, more evidence is needed to draw a clear association between stress responses and strategies.

Finally, it seems that women (compared to men) more often invest in cooperative strategies (assessed using the well-known prisoner's dilemma [START_REF] Flood | Prisoner's Dilemma: Game Theory[END_REF]) in stressful situations and share more money when unfair proposals can be punished [START_REF] Nickels | Sex Differences in the Effects of Psychosocial Stress on Cooperative and Prosocial Behavior: Evidence for 'Flight or Fight' in Males and 'Tend and Befriend' in Females[END_REF]. These results seem inconsistent with the altruistic tendency induced by a social stressor observed in male participants. Two possible explanations can be provided for these results. First, most of the studies studying altruistic decisions employed a group stress procedure, which is not the case for studies on cooperation. Again, sharing a common stress could increase social tendencies. Second, in contrast to the dictator game paradigm, under the ultimatum paradigm, it is possible to be punished by refusing an offer. Risk is an important part of that decision and it could explain this difference if male participants become more risk-takers in social decision-making.

2.5-Conclusion: social decisions following stress exposure

In conclusion, many studies seem to show that exposure to a stressor with a social component would induce tend-and-befriend tendencies, tendencies which could be more frequent among women than men. Moreover, when stress induction is carried out in a social group, prosociality increases even more.

The opposite effect is observed when physical stressors alone are used, but this effect seems to be inhibited if they are associated with a socio-evaluative threat. In many attacks or disasters, the stressful situation (i.e., risk of death) is shared by several people at the same time, who also are observing each other. As proposed by Drury [START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF] and Mawson [START_REF] Mawson | Understanding mass panic and other collective responses to threat and disaster[END_REF], sharing a common fate as well as reputation could mediate pro-sociality and strengthen mutual support and the preservation of social norms under threat. These laboratory results seem consistent with the interpretations detailed in the previous chapter. Moreover, the pharmacological study conducted by [START_REF] Margittai | Dissociable roles of glucocorticoid and noradrenergic activation on social discounting[END_REF] cautiously proposes that the variability of results supporting either tend-and-befriend or fight-or-flight strategies could be explained by different activation trade-offs between the two systems involved in response to a stressful context. Since these two systems are associated with different kinetics and are triggered by different stressors, the question of interest is not "Does stress promote prosocial or asocial behaviors?" anymore but rather "Which threat context favored this strategy and why?": A theoretical framework that would more easily encompass contradictory results as they would no longer be perceived as false positive/negative (depending on one's position) but as behavioral variations resulting from paradigmatic variations.

Furthermore, several limitations can be drawn. First, studies are mostly carried out between-subject designs, with a control group and a stressed group. These studies are generally gender unbalanced because of the interaction between cortisol and other hormones (Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999). Second, these studies focused on the modulation of outcomes resulting from social decisions. Then, as it has already been pointed out, both the asocial and the prosocial position can justify the same behavioral outcome (i.e., fairness). Finally, decision-making tasks are explicit prosocial measures that may be sensitive to demand effects.

3-Modulation of socio-cognitive functions following exposure to a stressor

How and which cognitive functions essential to our daily social interactions are impacted following exposure to a stressor? These functions are multiple: affiliation, representation and integration of others' presence and action plans, the perception of signals conveyed by others, the encoding of social information around us, but also empathy. Their modulations can help us to understand the way we interact with others in threatening situations because they inform us about how we perceive our environment, especially our social environment, and how we prepare to act in it, with or without others.

The next part will thus explore the relationship between social cognition and stressors. Once again, results are summarized in Table 2-2.

3.1-Affiliation with other

The idea that exposure to a social stressor promotes affiliation strategies is generally supported in the literature. This phenomenon of affiliation is first observable through measurement such as a higher desire for closeness after exposure to stressor (compared to a control group), reported by female participants thanks to a Likert scale (von [START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF]. In addition, stressed female participants showed a preference for male faces expressing more affiliative facial features during attractiveness appraisal task [START_REF] Ditzen | Effects of stress on women's preference for male facial masculinity and their endocrine correlates[END_REF]. Furthermore, the level of cortisol induced following a TSST procedure correlates positively with the interpersonal proximity between two male participants who have together achieved a Fast Friend Procedure (an interview game able to create quickly social bonds between strangers, [START_REF] Berger | Cortisol modulates men's affiliative responses to acute social stress[END_REF]). However, one study [START_REF] Deckers | The influence of stress on social cognition in patients with borderline personality disorder[END_REF] revealed an effect in the opposite direction: the experimenter is evaluated negatively following a TSST procedure. One explanation can be that the experimenter is identified as one of the responsible factors for the participant's state of stress. Authors defend that this need for affiliation could easily be justified by the phenomenon of social buffering, which has been illustrated

through various studies [START_REF] Levine | Behavioral and hormonal responses to separation in infant rhesus monkeys and mothers[END_REF]. These show that the presence of others reduced physiological, endocrinological and subjective responses when exposed to a stressor, which support tend-and-befriend theories (for review [START_REF] Frisch | The Trier Social Stress Test as a paradigm to study how people respond to threat in social interactions[END_REF]. However, other functions of affiliation have been proposed, such as helping to read one's own emotional state by emotional comparison when we are in uncertain/anxious situations (Kulik, Mahler, & Earnest, 1994;[START_REF] Schachter | The psychology of affiliation: Experimental studies of the sources of gregariousness[END_REF].

3.2-Perception of emotional displays

In order to interact with people, we need to process the social cues they convey. Of interest, the induction of a state of stress change the socio-emotional cue processing conveyed by facial expressions [START_REF] Stanković | Functional brain asymmetry for emotions: psychological stressinduced reversed hemispheric asymmetry in emotional face perception[END_REF]. Indeed, several studies suggest that emotional content is prioritized when we are stressed. The presentation of irrelevant emotional faces during a working memory task [START_REF] Oei | Stress shifts brain activation towards ventral 'affective'areas during emotional distraction[END_REF] negatively impacts response times in the stress condition and is associated with higher activations in brain regions involved in affective processes (right amygdala and inferior frontal gyrus) and lower activations in brain areas associated with executive functions (lateral parietal cortex, dorsolateral prefrontal cortex). In addition, Deckers et al. [START_REF] Deckers | The influence of stress on social cognition in patients with borderline personality disorder[END_REF] showed an increase of emotion categorization score after stress induction but without specifying whether there was an interaction with the type of emotions. One stimulus whose perception seems to particularly be improved after exposure to stress is the face of happiness: it appears to be able to capture attention during a dot-probe task (see Figure 2-2) and to be better categorized/detected [START_REF] Barel | Effects of Acute Psychosocial Stress on Facial Emotion Recognition[END_REF]Domes & Zimmer, 2019;[START_REF] Von Dawans | Acute psychosocial stress modulates the detection sensitivity for facial emotions[END_REF]. Following stress exposure, the amygdala also responds similarly to faces of fear, anger and joy [START_REF] Van Marle | From specificity to sensitivity: how acute stress affects amygdala processing of biologically salient stimuli[END_REF]. These results suggest that participants have a higher sensitivity to happy faces after exposure to a stress. However, using an approach-avoidance paradigm, Roelofs et al. [START_REF] Roelofs | The effects of stress-induced cortisol responses on approach-avoidance behavior[END_REF] failed to maintain the well-known congruence effect between approach movement and positive emotions, which may potentially challenge this interpretation. Results about anger are less convincing. Some studies showed that angry faces are also better recognized and detected following stress compared to no stress condition [START_REF] Barel | Effects of Acute Psychosocial Stress on Facial Emotion Recognition[END_REF]Domes & Zimmer, 2019), suggesting that threatening signals are quickly spotted in stressful situations.

However, these results have not always been replicated (von [START_REF] Von Dawans | Acute psychosocial stress modulates the detection sensitivity for facial emotions[END_REF]. As with the happy faces, Roelofs et al. [START_REF] Roelofs | The effects of stress-induced cortisol responses on approach-avoidance behavior[END_REF] failed to show an association between avoidance movement and angry faces when subjects were stressed. Moreover, when angry faces are in competition with fearful faces, participants show a greater sensitivity for fearful faces [START_REF] Chen | Effects of acute social stress on emotion processing in children[END_REF][START_REF] Rabasco | The effects of face-to-face and online social stress on emotion identification[END_REF]. There are two possible explanations: first, fear signals convey an ambiguous threat (Adams & Kleck, 2005;[START_REF] Wieser | Fearful faces heighten the cortical representation of contextual threat[END_REF]) that needs to be decoded in order to be understood and located, making this signal a priority. Second, the fearful face signals a distress social message in addition to the presence of a danger in the environment [START_REF] Hess | The influence of facial emotion displays, gender, and ethnicity on judgments of dominance and affiliation[END_REF][START_REF] Marsh | Why do fear and anger look the way they do? Form and social function in facial expressions[END_REF][START_REF] Nichols | Mindreading and the cognitive architecture underlying altruistic motivation[END_REF][START_REF] Schenkel | Submission: its features and function in the wolf and dog[END_REF]. If stress promotes affiliation, distress signals should be prioritized. In line with such proposal, when contrasting sad and happy faces, Schultebraucks et al. [START_REF] Schultebraucks | Selective attention to emotional cues and emotion recognition in healthy subjects: the role of mineralocorticoid receptor stimulation[END_REF] revealed an attentional bias toward distress and/or negative-valence signals (sadness) only. Yet, expressions of distress, i.e. fear and sadness, were not found to be better recognized after stress [START_REF] Barel | Effects of Acute Psychosocial Stress on Facial Emotion Recognition[END_REF]. To summarize, exposure to stress appear to enhance attention toward positive expressions which can be interpreted as a source of social support and toward distress displays for their affiliative component. These interpretations need to be confirmed by bringing supplementary (and more direct) evidence.

3.3-Empathetic processing

Another interesting way to investigate whether stress promotes affiliation is to look at processes of empathy. One position suggests that empathy is a multidimensional construct organized in two components (Kerr-Gaffney, Harrison, & Tchanturia, 2019;[START_REF] Warrier | Genome-wide analyses of self-reported empathy: correlations with autism, schizophrenia, and anorexia nervosa[END_REF]. The first component is a cognitive one which can be defined as the ability to infer others' mental states (i.e. Theory of Mind, ToM). To assess it, participants are asked to guess the correct intention or mental states of characters in picture (using Reading the Mind in the Eyes Test [START_REF] Baron-Cohen | The "Reading the Mind in the Eyes" Test revised version: a study with normal adults, and adults with Asperger syndrome or high-functioning autism[END_REF] or Multifaceted Empathy Test [START_REF] Dziobek | Dissociation of cognitive and emotional empathy in adults with Asperger syndrome using the Multifaceted Empathy Test (MET)[END_REF][START_REF] Foell | Creation and validation of an English-language version of the Multifaceted Empathy Test (MET)[END_REF]) or movies (the Movie for the Assessment of Social Cognition Task, [START_REF] Dziobek | Introducing MASC: a movie for the assessment of social cognition[END_REF]).

Stress does not appear to robustly reinforce the ToM (cognitive empathy) component: indeed, out of five studies, only one showed a positive correlation between stress-induced cortisol levels and ToM capacities [START_REF] Smeets | Social cognition under stress: Differential effects of stress-induced cortisol elevations in healthy young men and women[END_REF][START_REF] Wingenfeld | Enhanced emotional empathy after mineralocorticoid receptor stimulation in women with borderline personality disorder and healthy women[END_REF][START_REF] Wolf | Enhanced emotional empathy after psychosocial stress in young healthy men[END_REF]. However, highest levels of ToM capacities (i.e. the depth of recursive beliefs: "I know you know that I know...") seem diminished under stress, suggesting that stress favors more intuitive reasoning [START_REF] Leder | Stress and strategic decision-making in the beauty contest game[END_REF].

The second component is an emotional one which can be described as empathic concern (i.e. observer's emotional response to another person's emotional state). This component is increased by stress:

participants more often felt the same emotional state they perceived in others [START_REF] Wingenfeld | Enhanced emotional empathy after mineralocorticoid receptor stimulation in women with borderline personality disorder and healthy women[END_REF][START_REF] Wolf | Enhanced emotional empathy after psychosocial stress in young healthy men[END_REF]. While this emotional component indicates how individuals are affected by others' emotional states in stressful situations, it doesn't provide information regarding individuals' reactions toward others. Interestingly, Tomova et al. [START_REF] Tomova | Increased neural responses to empathy for pain might explain how acute stress increases prosociality[END_REF] showed that, in a state of stress (compared to a normal situation), the activity of the "empathy for pain" network was more important when perceiving pain in others. Importantly here, the activity of this network mediate people's prosocial behavior in the ultimatum task following fMRI acquisition. This study elegantly demonstrated the modulation of a function by stress and its behavioral outcome.

Altogether, this suggests that cognitive empathy is performing and emotional empathy is boosted following exposure to stressors. It is likely that these empathic mechanisms drive our future cooperative choices.

3.4-Self-Other Balance

The complexity of human social life implies that we must be very skilled at perceiving, understanding and anticipating the behavior of others to perform efficient collective actions [START_REF] Era | Visuo-motor interference with a virtual partner is equally present in cooperative and competitive interactions[END_REF][START_REF] Sebanz | Joint action: Bodies and minds moving together[END_REF]. Aligning self-cognition with that of others is called alter-centrism phenomenon and the investigation of alter-centric effects in stress situations is particularly relevant. Indeed, these effects can be used as a proxy as to which extent others influence our own cognitions, i.e. to which extent they are taken into consideration [START_REF] Kampis | Altercentric cognition: how others influence our cognitive processing[END_REF].

For example, alter-centrism can be assessed using the Visual-Perspective Taking task (VPT) developed by [START_REF] Samson | Seeing it their Way: Evidence for rapid and involuntary computation of what other people see[END_REF][START_REF] Samson | Seeing it their Way: Evidence for rapid and involuntary computation of what other people see[END_REF]. Participants observe a scene in which an avatar is located in a room and is looking at one wall of the room (See Using VPT task, Todd and Simpson (Todd & Simpson, 2016) showed that stress induction by autobiographical recall of a stressful event increase participants' egocentric bias when assessing the visual perspective of others and decrease alter-centric interference when assessing participants' visual perspective. Anxiety decreases the integration of others' visual information. However, one potential confounding factor is related to the nature of the stressor which consists in autobiographical recall of a stressful event and most likely promotes self-centred processes.

Furthermore, the stress induced in Tomova et al. [START_REF] Tomova | Is stress affecting our ability to tune into others? Evidence for gender differences in the effects of stress on self-other distinction[END_REF] seems to modulate self-other alignment differently according to gender: while female participants' capacity for self-other distinction increased (i.e., self and others' representations are not confounded), it decreases for men. The authors argue that women flexibly disambiguate their own person from that of others in stressful situations: thus, it allows them to engage in with precise social responses, while men react with increased self-centredness and less adaptive regulation. Nevertheless, this interpretation should be taken with caution: these effects are mainly measured by reaction times and could be explained either by a poor self-other distinction in men as proposed by the authors, or by an overrepresentation of information about others. In the same study, male participants showed a tendency to judge emotions of others using their own frame of reference, so it seems unlikely that the effects previously presented can be explained by an alter-centric bias. Future studies will need to confirm this explanation. With the same willingness to investigate how self and others representations are encoded after stress, Tomova et al. [START_REF] Tomova | Acute stress alters neural patterns of value representation for others[END_REF]) recently compared self and others reward neural representations. Of interest, they showed that when stressed, participants better represent the amplitude of possible rewards when they play for others than when they play for themselves (higher activity in the dorsomedial prefrontal cortex and in the striatum), suggesting increased prosocial tendencies under threat.

Unfortunately, too few studies have been carried out and the number of confounding factors is too high to be conclusive on alter-centric cognition following stress. However, these results are really encouraging and alter-centric paradigms should be more often used to infer social orientation of participants.

3.5-Social Memory

Several studies have focused on how social information is encoded in memory following a stress event.

If social information is important under threat, it can be assumed that individuals better consolidate social information in their memory when they are stressed because they are particularly salient and meaningful. However, the literature rather indicates that stress decreases the encoding of social information. Following a TSST procedure, participants showed a decrease in performance when learning name-face association [START_REF] Takahashi | Social stress-induced cortisol elevation acutely impairs social memory in humans[END_REF] or biographical contents [START_REF] Merz | Stress impairs retrieval of socially relevant information[END_REF]. Both studies reveal that the higher the induced cortisol level, the lower the recovery score. Li et al. [START_REF] Li | Effects of acute psychosocial stress on neural activity to emotional and neutral faces in a face recognition memory paradigm[END_REF] investigated whether faces were better encoded if they expressed an emotion. Participants were asked to recall 50 faces expressing fear and 50 neutral faces. Results showed that stress does not affect performance in an old-new task. However, hyperactivity of fronto-medial regions is observed when faces expressing fear presented in the encoding phase are displayed again (with a neutral expression) to participants during the retrieval phase. The authors suggest a particular processing of emotional content as described above for the emotional-recognition tasks.

3.6-Conclusion: socio-cognitive mechanism modulations after stress exposure event

When participants are stressed, they seek for affiliation, in particular, so as to regulate their own emotional states. Socio-emotional information is associated with a particular processing, even if participants are not able to consciously report or remember it. Participants are particularly sensitive to expressions of joy that can be interpreted as sources of potential emotional support. They may also be sensitive to emotional expressions of fear and sadness, but the literature does not allow us to fully conclude whether this preference is explained by a more pronounced negative affective bias (or even a threat bias) and/or higher sensitivity to distress signals from others, which would indicate a stressinduced prosocial orientation. A maintained ToM and empathy processes may explain the cooperative social decisions presented in the previous section. Stress is also believed to promote social decisions by fostering a better neural representation of rewards when they are for others. However, due to confounding factors limiting interpretations, we cannot conclude whether stress favors egocentric bias or alter-centricity. Further research is needed in this area as it allows an efficient qualitative and quantitative approach to understand whether stress prompts individuals to orient their attention toward others or toward themselves. Overall, this second chapter suggests that social cognition can be maintained in stressful situations.

Nevertheless, several limitations can be raised in these studies. First of all, it is important to note that 23 out of the 28 studies induced a cortisol peak by using a purely social stressor. In the previous section, we observed that proportion of prosocial choices increased following social stressor while it decreases after physical stressors. Once again, these studies are mostly carried out between-subject designs and more often among men. Then, if some effects seem very robust, the function/motivation of these modulations of cognitive functions often remain unclear (such as for fearful face). Moreover, some effects seem to depend on the chosen experimental contrasts (i.e. Happy vs. Anger or Happy vs. Sad) which makes the interpretations complex. Finally, one of the major limitations for understanding the human behavior in situations of danger is that all these results describe the modulation of mechanism after exposure to stress and not during it. In order to investigate behaviors during a situation of danger as closely as possible, it is necessary to be able to modulate cognitive functions when participants feel threatened. 

Mechanisms

4-Modulation of socio-cognitive functions under threat

As it was very well described by Robinson et al. in his 2013review (Robinson, Vytal, Cornwell, & Grillon, 2013), the previously mentioned paradigms (TSST, MIST, CPT, pharmacological or the use of negative emotional content) are associated with a major experimental limitation in the investigation of our question. Exposure to stressors precedes the experimental task: it is therefore difficult to say whether the above-mentioned effects are due to the threat context itself or if they are related to recovery from stressors. In order to create a relevant parallel between results from cognitive psychology and the real-life behavior of individuals when they are in danger (a fire, an earthquake, an attack), it is necessary to use manipulations allowing us to study human cognition when threatened. Different techniques can be used to induce a "sense of being threatened". Either the participant is placed in a situation mimicking reality thanks to virtual reality and evacuation drills. Alternatively, the feeling of being threatened/anxiety or urgency can be studied in a within-subject design, using respectively the Threat-of-Shock paradigm or time-pressure procedure while participants performed a task. Different cognitive mechanisms have already been investigated using these manipulations. Contrary to the two previous parts of this chapter, the literature is less focused on social cognition but much more on attentional, executive or motivational aspects. Nevertheless, these results can be informative as motivation (i.e., cost-benefit trade-off) is an important factor to explain social action under threat.

Thus, such studies can be useful for the current debate between social or individualistic strategies and can be relevant for creating new experimental designs. We propose a review of the results of 39 studies which are listed in Table 23.

4.1-Supportive and affiliative behaviors under threat

Again, social strategies seem to be advantageous in threatening situations. Indeed, similarly to the studies using TSST, receiving a hand-holding from a partner during a ToS procedure reduces the subjective anxiety level as well as the activity in brain regions associated with vigilance, salience and self-control [START_REF] Coan | Relationship status and perceived support in the social regulation of neural responses to threat[END_REF]. Nevertheless, this effect was not observed when social support was provided by a stranger, and participants reported a negative experience. These results raised the following question: when under threat, is our social cognition only maintained for our socially close ones? Of interest, Drury et al. (Drury, Cocking, Reicher, et al., 2009) reported in a virtual reality study that the rate of helping behavior toward an avatar in danger correlated positively with the feeling of sharing the same social identity as them (potentially through the common fate they experienced in relation to the dangerous situation). Moreover, this result confirms their previous findings, using interviews (for review see [START_REF] Drury | The role of social identity processes in mass emergency behaviour: An integrative review[END_REF]. Interestingly, inter-individual variability seems to be an important factor to consider when investigating social behaviors in threatening situations. For example, Vieira et al. [START_REF] Vieira | Neural correlates of social and non-social personal space intrusions: Role of defensive and peripersonal space systems in interpersonal distance regulation[END_REF] showed that the imminence of a danger increased rescue behaviors toward others and that this effect correlates with participants' empathic concern trait.

Nevertheless, the risk of getting a shock reduced the prosocial behavior, which is very similar to the conclusions of the study carried out by Dezecache et al. on the Bataclan attacks [START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF]. Similarly, [START_REF] Moussaïd | Patterns of cooperation during collective emergencies in the help-or-escape social dilemma[END_REF] showed that situations of danger associated with strong time pressure to act reinforced participants' "baseline" social strategies:

prosocial individuals become even more prosocial and the reverse pattern was observed in the case of individualistic individuals. Overall, these studies revealed, although not systematically, that social bonds are maintained when we feel in danger, with individuals being able to provide social support and to collaborate together.

4.2-Social influence

Preserving social bonds may therefore be relevant to one's own survival under threat. This is especially true if others have information that we do not possess. Various studies have shown that our action choices during evacuation contexts seem to be impacted by those of others. [START_REF] Nilsson | Social influence during the initial phase of a fire evacuation-Analysis of evacuation experiments in a cinema theatre[END_REF] showed, during a simulation of an evacuation in a theatre, that spectators tend to be socially influenced by others, especially when the danger origin is unspecified (by comparing the effect of an alarm sound which is unclear or uninformative to a clear vocal message).

Also, Kinateder et al. (Kinateder, Ronchi, Gromer, et al., 2014) obtained similar results in a virtual reality paradigm in which participants tend to follow the same trajectory as an avatar when they have to evacuate a burning tunnel. Interestingly, the results of the study conducted by Moussaïd et al. (Moussaïd et al., 2016) in virtual reality seems to suggest that crowding effects, usually accompanied by pushing (connoted as asocial phenomena) could be due to a social influence phenomenon. In fact, trying to be close to others and the possible information they might have can be useful for our survival.

Altogether, this amount of evidence suggests that sociality does not vanish under threat. On the contrary, others can be a source of information influencing our actions.

4.3-Perception of fearful faces

A social signal able to convey information that we do not possess is fearful face. Indeed, this signal informs us about the presence of a threat in the environment (Adams & Kleck, 2005;[START_REF] Wieser | Fearful faces heighten the cortical representation of contextual threat[END_REF]. Consistent with studies that have investigated the processing of this signal after the induction of a cortisol peak, it seems to be particularly privileged when we feel threatened. Repeatedly, studies replicated a negative emotional processing bias which manifests itself by: an attentional capture by fearful face (Lago et al., 2019;[START_REF] Robinson | Anxietypotentiated amygdala-medial frontal coupling and attentional control[END_REF][START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF], a bias to respond fear in emotional-categorization tasks [START_REF] Bublatzky | Contextual information resolves uncertainty about ambiguous facial emotions: Behavioral and magnetoencephalographic correlates[END_REF], an increase of intensity appraisal of this emotion (Kavcioglu, Bublatzky, Pittig, & Alpers, 2019, see Figure 234), faster response times to identify a fearful face [START_REF] Robinson | The adaptive threat bias in anxiety: amygdala-dorsomedial prefrontal cortex coupling and aversive amplification[END_REF] and finally a positive correlation between the subjective arousal level of the participants induced by the Threat-of-Shock procedure and the tendency to categorize a surprised face as negative [START_REF] Neta | The impact of uncertain threat on affective bias: Individual differences in response to ambiguity[END_REF]. However, it remains unclear whether this bias is associated with threat information conveyed by fearful face or the distress signal it embodies ('I am scared, I need help') or both. On one hand, it has been observed that fearful face perception during Threat-of-Shock procedure is associated with an increase in the connectivity between the amygdala and the dmPFC [START_REF] Robinson | The adaptive threat bias in anxiety: amygdala-dorsomedial prefrontal cortex coupling and aversive amplification[END_REF] involved in reasoning about thoughts and intentions of conspecifics [START_REF] Wagner | The dorsal medial prefrontal cortex responds preferentially to social interactions during natural viewing[END_REF]. These results suggest that participants would be sensitive to the distress conveyed by this signal. Furthermore, "sense of being threatened" does not appear to impact on the categorization of anger (identify as an explicit threat, Kavcioglu et al., 2019). Conversely, Grillon et al. [START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF] showed that reflex startle was potentiated during threat blocks when participants perceived fearful face. Fear is then interpreted as a potential threat when participants felt anxious, as it generates defensive mobilization. Furthermore, Vytal et al. [START_REF] Vytal | Sustained anxiety increases amygdala-dorsomedial prefrontal coupling: A mechanism for maintaining an anxious state in healthy adults[END_REF] observed that the feeling of being threatened favored the coupling of brain regions involved in mechanisms important for defensive responding (such as affective bias, appraising of threat, motor preparation and alertness). This implementation of defensive mobilization suggests that being under threat could favor the prioritization of the threat signal conveyed by fear. Future studies should clearly assess the implication of these two interpretations.

4.4-Perception of positive signals

Regarding the processing of positive signals (happy face/positive picture), contrary to the studies using the TSST procedure, results are not in favor of an increase in the sensitivity of positive stimuli. Through five studies, three studies report that the positive processing bias observed under safe blocks disappeared under threat ones [START_REF] Neta | The impact of uncertain threat on affective bias: Individual differences in response to ambiguity[END_REF][START_REF] Robinson | Anxietypotentiated amygdala-medial frontal coupling and attentional control[END_REF][START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF] and two studies reported no impact of anxiety on positive bias (Aylward et al., 2017;Lago et al., 2019). It means that these studies robustly find no particular stress effect on perception of positive cues (happy face/positive picture). However, when participants felt threatened, they rated highly positive faces as more intense (Kavcioglu et al., 2019). In addition, the defensive reaction measured by the startle reflex decreases in the presence of positive stimuli [START_REF] Bublatzky | Additive effects of threatof-shock and picture valence on startle reflex modulation[END_REF]. Of interest, startle reflex is not modulated if the person threatening or conveying the presence of the threat (i.e. threat-of-shock is indicated by an avatar) is smiling [START_REF] Bublatzky | Verbal instructions override the meaning of facial expressions[END_REF][START_REF] Bublatzky | Reversing Threat to Safety: Incongruence of Facial Emotions and Instructed Threat Modulates Conscious Perception but Not Physiological Responding[END_REF]. Based on these results, I would like to suggest that positive cues may impact our reactions if they are perceived as a potential social support. Furthermore, in a MEG study, Bublatzky et al. (Bublatzky et al., 2020) showed that the incongruous presentation of a positive face in a negative threat context is associated with late activity in the ventrolateral prefrontal cortex as well as the temporal pole. These clusters are associated with a time window more later than the cluster involved in threat processing. The authors argue that these clusters reflect in-depth processing of unexpected environmental conditions. Another possible interpretation is that, under threat, participants remain sensitive to positive information but process it later, after the processing of threat information.

This interpretation could explain why the literature on cortisol found an increased positive bias while participants perform the task of interest when they are no longer exposed to stress. Again, this result can be totally in line with our assumptions: positive cue is relevant but safety first.

4.5-Self-other Balance

Concerning self-other distinction, to our knowledge, very few studies have investigated this phenomenon. Using the VPT presented before, Todd & Simpson [START_REF] Simpson | Anxiety impairs spontaneous perspective calculation : Evidence from a level-1 visual perspective-taking task Anxiety impairs spontaneous perspective calculation : Evidence from a level-1 visual perspective-taking task[END_REF] showed that under time pressure, level-1 visual perspective-taking (i.e., what others see) is not impacted, while level-2 visual perspective-taking (i.e., how they see things) is reduced. The authors suggest that level-2 calculations take longer and are not adapted to short response times. Reimer et al. [START_REF] Riemer | Defensive activation during the rubber hand illusion: Ownership versus proprioceptive drift[END_REF] proposed to investigate the plasticity of our body schema (an important component of the self) when we feel threatened. To do this, participants performed the well-known rubber hand [START_REF] Botvinick | Rubber hands 'feel'touch that eyes see[END_REF] illusion task during threat and safe blocks. The authors observed that, while markers of induced anxiety correlated positively with the subjective feeling that the plastic hand belongs to their own body, no effect was observed on proprioceptive drift, used as an objective measure of the modification of bodily-ownership. These two studies suggest for the moment that alter-centric cognition may be negatively impacted under time pressure, and that the self-representation appears to be not plastic under threat situation. However, too little studies have been done on this subject to conclude. To understand how others are processed in threatening situations, other mechanisms involving self-other balance need to be investigated. For example, other forms of co-representation (action or reasoning) or the modification of our peripersonal space, defined as a space of body defense (de [START_REF] De Vignemont | How many peripersonal spaces?[END_REF], should be future lines of research to pursue the debate of sociality under threat.

4.6-Social memory

Consistent with experiments using the TSST paradigm, a decrease in old-new performance was found when faces were encoded while participants felt threatened, compared to when they felt safe [START_REF] Bolton | The impact of threat of shock-induced anxiety on memory encoding and retrieval[END_REF][START_REF] Garibbo | The impact of threat of shock-induced anxiety on the neural substrates of memory encoding and retrieval[END_REF]. However, Schellhaas and al. [START_REF] Schellhaas | Contextual source information modulates neural face processing in the absence of conscious recognition: A threat-of-shock study[END_REF] showed that, while participants were not better to retrieve faces they encoded under threat, an MEG investigation of the neural signatures of encoding and retrieval processes revealed a sustained involvement of several clusters. First, under threat, early parieto-occipital and late fronto-central negative potentials were observed during encoding. Authors proposed that these clusters are associated with early attention directed toward motivationally relevant information. In addition, during recognition, they observed late centro-and parieto-occipital negativities when participants perceived faces which were encoded under threat. These clusters are known to be associated with perception and attention allocation. Altogether, it suggests that faces are relevant under threat even if participants are not able to recall their identities.

4.7-Value representation and attention: instrumental signals for goal-directed actions

When we are threatened, different action opportunities may arise in order to achieve the same general goal: to survive. For these goal-directed actions to be planned, it is necessary to represent the values of their associated outcomes. What happen to our representations of costs and benefits in situations of danger? First of all, under threat, a hyper-activation of the striatum is observed (see Figure 2-5): it is of the same amplitude when participants perform a monetary experiment in the gain domain or in loss domain [START_REF] Gorka | Impact of induced anxiety on neural responses to monetary incentives[END_REF]. Nevertheless, the striatum region appears to be especially sensitive to aversive errors of prediction, i.e. when bad prediction lead to a costly punishment [START_REF] Robinson | Stress increases aversive prediction error signal in the ventral striatum[END_REF]. Under threat situations, a high priority is done to avoid aversive stimuli. Similarly, Bublatzky et al. [START_REF] Bublatzky | From avoidance to approach: The influence of threatof-shock on reward-based decision making[END_REF] showed that, in a threat situation, participants refused high rewards if they were associated with a high probability of receiving a shock. However, in this task, participants did not actually receive any shock. Thus, over the time, participants tended to accept more high reward options (compared to the beginning of the experiment), probably because they understood that it was ultimately risk-free. Consistently, there is a strong literature supporting that threat signal is the priority. However, some

argue that what drives our cognitive mechanisms is survival [START_REF] Vogt | Safety first: Instrumentality for reaching safety determines attention allocation under threat[END_REF] Attention mechanisms are essential in situations of danger. In the context of threat, neural activity as well as the global connectivity of the intraparietal sulcus, involved in attentional orientation, are increased [START_REF] Balderston | Threat of shock increases excitability and connectivity of the intraparietal sulcus[END_REF]. They would promote hypervigilance mechanisms allowing effective visual navigation in a changing environment where a fast action is required. These attentional capacities seem to depend on the possibility of escaping or not. When threat is unavoidable [START_REF] Löw | When Threat Is Near , Get Out of Here : Dynamics of Defensive Behavior During Freezing and Active Avoidance[END_REF], it induces a phenomenon of attentional freezing which manifests itself physiologically by an increase in arousal (increase of SCR), an increase in defensive mobilization and by bradycardia (decrease in HR). These bodily modulations favor an efficient scanning of the external world. However, when it can be avoided, response-preparedness processes are involved, manifested by a decrease in the startle reflex and a drop of P3 component of the evoked brain potentials (used as a marker of attention). Several studies also showed that action inhibition mechanisms are particularly effective in threat situations [START_REF] Grillon | Anxietymediated facilitation of behavioral inhibition: Threat processing and defensive reactivity during a go/no-go task[END_REF][START_REF] Grillon | Effect of attention control on sustained attention during induced anxiety[END_REF][START_REF] Torrisi | The neural basis of improved cognitive performance by threat of shock[END_REF]. Authors suggest this inhibition to be in favor of freezing strategies under threat. Indeed, the performance of participants correlates positively with startle-reflex [START_REF] Grillon | Anxietymediated facilitation of behavioral inhibition: Threat processing and defensive reactivity during a go/no-go task[END_REF] and is associated with hyperactivation of the frontoparietal network involved in attentional processes and problem solving [START_REF] Torrisi | The neural basis of improved cognitive performance by threat of shock[END_REF]. These results suggest that threat initially promotes attentional freezing mechanisms. Montoya et al. [START_REF] Montoya | Dissociated neural effects of cortisol depending on threat escapability[END_REF] suggest that one of the physiological mechanisms allowing to switch from an attentional and emotional regulation system to a readiness for action system would be cortisol induction. If this hypervigilance seems appropriate for survival, it remains unclear on which category of stimuli our attention stops and why.

The previous paragraphs suggest that our attention could be oriented toward both threat and safety signals. But since social-emotional signals can simultaneously convey affiliation or threat, the motivation behind this attentional capture remains to be identified. Lojowska et al. [START_REF] Lojowska | Freezing promotes perception of coarse visual features[END_REF] observed that attentional freezing was correlated with a better perception of low-spatial frequencies. The perception of these low-frequencies would favor a fast processing of threat information contained in emotional expressions of fear and anger. Electroencephalographic investigation of face perception by participants who may be exposed to electric shocks or not [START_REF] Bublatzky | Watch out, he's dangerous! Electrocortical indicators of selective visual attention to allegedly threatening persons[END_REF] indicates that anxiety increases the neural signatures associated with threat appraisal and attention (P3, EPN and N170). Taken together, it again appears that human have unique processes for threat signal. However, no studies have investigated clearly the role of others in our chance of survival under threat. According to the tend-and-befriend hypothesis and the assumptions derived from the results of Dezecache and al., our social partners may represent a source of help during danger. It is then very possible to imagine that they receive the same amount of attention in a context where this strategy has the best cost-benefit ratio.

4.8-Conclusion: socio-cognitive mechanism modulations under threat

To sum up this review of the literature on cognition under threat, the results seem to show first of all that the social bond can be maintained under threat: social support, social influence as well as sensitivity to faces, emotional expressions of fear and in some cases hedonic stimuli. Participants are vigilant to threat signals: threat elicits negative affective processing bias (which is consistent with an expected anticipation to danger/mobilization to defend themselves). One primary reaction to threat seems to be freezing to efficiently assess threat in the environment. This is in line with theoretical model of defensive reaction as risk assessment is a prototypic reaction. In addition, brain areas associated with value estimation become very sensitive to gains and losses but appear to be particularly involved in maximizing loss avoidance behaviors.

As certain contextual factors modulate the values' indices in our environment, some of these effects seem to vary according to certain parameters: the possibility of escaping or the risk of being injured modifies the attention given to signals conveying safety and impacts our affiliative strategy.

Altogether, these results seem to stand with Decety's opinion: "To survive, you have to care about yourself first. It doesn't mean that you don't care for others, but you have to survive first" (Chicago news -25/08/2020). However, some of these results are particularly difficult to be interpreted as the representation of the stimuli values displayed to participants is often inferred a posteriori by the authors and that some effects depend on neuroimaging results whose interpretations suffer from inverse inferences. The case of the fearful face, for example, which can convey distress and threat, leaves room for interpretations that may be antagonistic or even complementary. Consequently, the question "why social cognition is maintained under threat" still remains. Nevertheless, it seems that a cognitive approach is relevant to study collective behaviors facing a threat insofar as certain parallels can be established: for example, the association between risk and cooperation or social identification and cooperation which has been previously established in social science. Arrows indicate the direction of the effect ( indicates an increase, while  indicates a decrease). ° indicates that experimenters recruited both male and female participants. HC: Hydrocortisol; TOS: Threat-of-Shock; VR: Virtual Reality.

5-Conclusion of the Chapter

In this chapter, we established links between different laboratory studies investigating the relationship between cognition and threat in an attempt to infer which processes might occur when we are in danger and why. Previous models classifying human defensive reactions showed that these were influenced by the distance from the danger, the time available to react, the probability of being injured and the possibility to escape. In light of this review, it would be legitimate and even necessary to add the presence of social partners in these models, since others have an important place in the cognitive processes that take place when one feels threatened. This review provides a start for defining what "transformation of social cognition by threat" means.

The number of studies remains low, especially in regard to the number of experimental factors manipulated (i.e. type of threat and cognitive function targeted). It is therefore complicated for the moment to establish a clear picture of the social cognition involvement in our behaviors under threat.

The above review of the literature however brings some insights: social vs. physical stress, stressed alone vs. in group, cognition assessed after vs. under threat, threat vs. instrumental safety cue and so on. Overcoming this theoretical antagonism between asocial versus (pro)social reactions in a situation of danger was necessary to understand the function of social cognition under threat. At first glance, all these results taken separately seem to be contradictory and not convincing, but they represent meaningful experimental variations driving our defensive reactions. These are small jigsaw pieces from different literatures that we tried to put together to depict a more global scientific understanding of our social cognition under threat. This work is needed to move forward on more common bases.

In order to make progress in building this bridge between neuroscience and social psychology, it is necessary to keep accumulating empirical evidence that will allow us the construction of a more solid theoretical framework. So far, it has been shown that social cognition is sustained and that some mechanisms are still running in response to threat. Yet, we still need to clearly describe which ones and their roles. One possible approach is to try to understand what motivations underlie social strategies. In particular, Dezecache et al. [START_REF] Dezecache | The nature and distribution of affiliative behaviour during exposure to mild threat[END_REF][START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF] pointed out the need to clearly identify in which contexts others are taken into consideration (i.e.

distance to danger, presence of escape road).

In conclusion, addressing the motivational component by finding the appropriate experimental factors would feed ongoing discussions. Lastly, and above all, almost all studies introduced previously explored social cognition in situations of danger only through tasks involving one participant.

However, to tackle collective reactions under threat, it is then necessary to explore social cognition during joint tasks, involving more than one participant.

CHAPTER 3 IMPACT OF ANXIETY-INDUCING CONTEXTS ON SOCIAL

In previous chapters, we have described defensive reactions in threat situations, highlighting the value of investigating social cognition in this context. Indeed, field studies from social sciences have shown several times that sociality is maintained under threat. These studies then discussed why it was the case. One of the possible and particularly attractive reasons is to conceive that others would be a possible solution for an individual exposed to a stressor to restore his or her homeostasis. These solutions take a wide variety of forms, ranging from providing social support to reduce negative affect as well as physiological and endocrinological responses provoked by stress, but also through the organization of cooperative actions. To implement this type of strategies, it is necessary to perceive, to identify and to evaluate the relevant social resources existing in the environment but also to coordinate with other individuals. Also, these strategies seem to be implemented only if associated with a low cost-benefit ratio. Several laboratory studies investigating these functions seem to confirm some predictions from social psychology. First, exposure to a stressor or the feeling of being threatened does not interrupt social cognition: this would be expected if individuals panicked and became asocial under threat. If individuals keep monitoring the sources of threats and seem particularly sensitive to the possibility of a negative outcome, they are also particularly sensitive to rewards. Indeed, their attention is directed towards safety signals. In addition, they are generally seeking and sensitive to social signals, and sometimes they engage in seemingly pro-social strategies. All these results suggest that social cognition is modified rather than interrupted in threatening situations.

1-Summary of current gaps in our research questions

The function of the socio-cognitive mechanisms that may be in place when we feel threatened is often interpretative (not to say speculative) and sometimes even multiple and contradictory. One of the most striking examples identified in the previous chapter is the case of fearful face. This stimulus is a particularly interesting tool to understand our reactions in situations of danger because it is likely the most conveyed social signal in contexts such as the Bataclan attacks in Paris (13-11-2015). Our cognitive system, from perception to action, is especially sensitive to fearful faces (Koizumi, Mobbs, & Lau, 2016;[START_REF] Méndez-Bértolo | A fast pathway for fear in human amygdala[END_REF][START_REF] West | Emotion and action: the effect of fear on saccadic performance[END_REF]. Indeed, the emotional expression of fear has two functions (supporting literature will be detailed in Chapter 6): the first one is to indicate the presence of danger to our social partners. Coupled with the direction of the gaze (i.e. averted gaze), it can also inform about the position of this danger. It is then a relevant social CHAPTER 3
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signal in a context in which threat is still ambiguous for the one perceiving this signal. At the same time, fear emotional display conveys a demand for affiliation, it communicates vulnerability and could be interpreted as an invitation to cooperation in a threatening situation. This signal would be particularly salient when the person expressing this social message establishes gaze contact (i.e. direct gaze orientation). Several studies have investigated how perception of fear affects our cognition under threat but without controlling which of these two functions is responsible for the observed modulation.

This leaves room for multiple and antagonistic interpretations such as "the priority being my own survival, clues indicating the position of danger are the most relevant" or "in a situation of threat, my primary reaction is affiliation because it is an effective solution to restore my homeostasis". Thus, as attending to the same social signal can be supported by very different motivations, Dezecache et al.'s opinion (social versus asocial taxonomy is not precise enough to be explanatory) needs to be developed and tested.

Moreover, "how threat transforms social cognition" problematic indirectly questions how others are included in our action choices in situations of danger. Indeed, in everyday social interactions, humans often need to coordinate their actions with those of others. Sharing perceptions and representations with others facilitate coordination. To do so, people appear to spontaneously compute another person's visual perspective [START_REF] Samson | Seeing it their Way: Evidence for rapid and involuntary computation of what other people see[END_REF] and to represent their actions [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]. However, the literature about threatening context and alter-centric cognition is scarce. Yet, contextual modulations of shared perceptions and representations and their functional implications would be a very interesting tool, both qualitatively and quantitatively, to predict our strategies in situations of collective danger. In order to implement collective actions, it is necessary to align our mental representations with those of others (i.e., co-represent them): they should therefore be mandatory in the preparation of social strategies for survival, regardless of whether they are implemented for individual or collective benefits. Conversely, if collaboration is an action that is costly in a context, it should not be interesting to maintain these representations that are resource-consuming [START_REF] Usal | The Effects of Social Task Setting on Time Perception[END_REF]. This could explain the stomping and pushing behaviors in some contexts as individuals have completely stopped representing others. Finally and importantly, no one has studied how threat impacts participants' performance in joint tasks (i.e., joint action or joint perception). However, these experimental designs are the closest/more ecological in order to understand collective actions.

2-Objective and research questions

The investigation of social cognition when feeling threatened must keep going in order to create a clearer theoretical framework to work. Thus, it will be necessary to understand which factors favor one strategy over another. Previous chapters provide conceptual and methodological guidelines in regards to research on social cognition under threat. Following these directions, we believe that putting experimental factors in competition with each other in the same study, as Vogt et al. [START_REF] Vogt | Safety first: Instrumentality for reaching safety determines attention allocation under threat[END_REF] elegantly did when they presented both safety and danger signals, is an approach that can be effective in understanding the motivational balance underlying the orientation of our perception-action loop. This is the main objective of this thesis which materializes through the two previously introduced examples: co-representation and the perception of fear.

In Finally, considering how to induce a feeling of being threatened in an efficient way was central in this Ph.D. project. It was largely inspired by the analyses of the strategies put in place during the Bataclan attacks, in Paris (France), 13-11-2015. This was a situation in which victims were exposed to a source of danger for a prolonged period of time and in which reactions took place while they were still exposed to this danger. Consequently, the use of a paradigm such as the threat-of-shock paradigm would be particularly relevant because it is the most akin to a real situation. Nevertheless, several problems (detailed in Chapter 4) have led us to propose an alternative version of this paradigm. First, using electric shocks was not materially possible in our laboratory. Also, this technique requires inducing pain when searching for participant's nociceptive threshold, which we did not want. Another alternative, which has already been implemented [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF], is to replace the shocks with distress screams that are aversive because of their social meaning [START_REF] Arnal | Human Screams Occupy a Privileged Niche in the Communication Soundscape[END_REF][START_REF] Belin | Neurobiology: Sounding the Alarm[END_REF]. The presentation of random distress screams should be enough to induce a state of sustained anxiety.

Nevertheless, previous studies have presented screams at an intensity higher than 95dB, which again raised problems because they exceeded the danger thresholds for hearing (85dB). Moreover, based on the results of studies that employed threat-for-shock paradigms, it was difficult to ensure that this type of paradigm was able of inducing a stable (i.e. without habituation) state of anxiety over time, which is problematic when some measures require a lot of trials.

Thus, the research questions I explored in this dissertation assessed these three core issues/subjects:

1-Can we induce a prolonged feeling of being threatened by randomly delivering distress screams at low intensity (70dB)? Can this be used to study responses to ongoing threat in the lab? (Chapter 4)

2-What happens to my ability to co-represent under threat? Does it depend on the social context/resources of the individuals around me? (Chapter 5)

3-What message conveyed by fearful face is prioritized in a situation of threat? The presence of danger, the request for affiliation, neither or both? (Chapter 6)

Ultimately, we hope that the answers will provide some insights into why and how social cognition is transformed during threatening situation.

3-General Methodology

All studies in the present thesis involved both an anxiety-inducing procedure (threat-of-scream) and social cognition task (social Simon or fear-neutral categorization task). Within each task, the instrumentality (i.e. incentives) of social cues was manipulated by modulating either the social context where they were presented or by modifying their social meaning by combining them with a secondary cue. This section details the experimental design and the parameters implemented.

3.1-The Threat-of Scream Paradigm

To induce a 'sense of being threat', we used an acoustic version of the gold standard threat-of-shock paradigm (Robinson et al., 2013). It consists in repeatedly exposing participants to blocks during which they were at risk of hearing aversive screams at any time (Threat) versus blocks during which they were safe of screams (Safe). The type of block was indicated by color bands at each side of the screen (blue for threat blocks; green for safe blocks). Importantly, we controlled the screams to be below 70dB. Impressive amount of studies supports that unpredictability and uncontrollability are central features of stressful experiences [START_REF] De Berker | Computations of uncertainty mediate acute stress responses in humans[END_REF]. Based on that, to effectively induce anxiety, aversive stimuli had to be delivered in an unpredictable manner. During each threat block, six distress screams were delivered once (approximately 6% of the trials), randomly during the block (following a uniform distribution) at any time during trials. Screams were provided by Professor Jorge Armony, and had been previously validated [START_REF] Fecteau | Judgment of emotional nonlinguistic vocalizations: age-related differences[END_REF]: half of them were female voices and half of them were male voices. To check whether this manipulation was robust through time, we tested it twice during a one-hour experiment in which skin conductance level and subjective reports of anxiety were measured during each safe and threat blocks.

3.2-The Social Simon Task

A task developed to assess co-representation of action is the social version of the Simon task which has been developed by [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]. During a Simon task, participants are exposed to two different colored stimuli presented either on the left or on the right of the computer screen. Each stimulus is associated with a left-and right-oriented key press, such that the colored cue can be spatially aligned with the corresponding key press (congruent trials) or not (incongruent trials).

Stimulus location on the screen is completely task-irrelevant and participant should focus only on colors. This task can be performed in a categorization or in a go/no-go version (see Figure 3-1)

depending on how many colored cues participants are responsible for (playing with one or two hand)

or/and how many players took part in the task (playing alone or in pair). When participants performed the categorization task, we observed the so-called Simon Effect (SE), a positive difference in reaction times between congruent and incongruent trials. In incongruent trials, each spatial and color information activates an action plan and the two compete with each other, thus slowing down participant's responses to the cue. However, and of interest here, when the go/no-go version of the task is performed alone, the SE disappears (one action plan) while it reappears in the dyadic version. This alter-centric interference, better known as Social SE, may be regarded as an objective measure of selfother integration. This social effect is explained by an automatic co-representation of surrounding individuals' actions, as if the co-partner was the second hand [START_REF] Dolk | The (not so) social Simon effect: a referential coding account[END_REF][START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]; for a debate on the underlying mechanisms) 

3.3-Neutral-Fear Categorization task

To deepen our understanding of the social strategies undertaken during dangerous situations, a perception framework can be used. As action and perception systems are strongly interconnected [START_REF] Decety | Neural mechanisms subserving the perception of human actions[END_REF][START_REF] El Zein | Anxiety dissociates the adaptive functions of sensory and motor response enhancements to social threats[END_REF][START_REF] Grossman | Brain areas involved in perception of biological motion[END_REF], signals conveyed by others are key piece of information able to influence our action choices. Thus, one possible approach to identify incentives of human social behaviors under threat is to study how social cues are processed.

During this thesis, we investigated the communicative functions of one of the more meaningful cues in danger situation: fearful faces which simultaneously signal distress and danger. One secondary cue is gaze direction: averted gaze increases danger-related signal conveyed by fearful faces while direct gaze may be associated with a need-for-help. Looking at how fearful faces and gaze direction combinations are processed under threat will inform us about which signal (and eventually, which strategy) is prioritized under threat.

In order to do so, we combined a Threat-of-Scream procedure with a modified version of the categorization task initially developed by El Zein et al. [START_REF] El Zein | Anxiety dissociates the adaptive functions of sensory and motor response enhancements to social threats[END_REF]. The experimental task was a Neutral-Fear emotion categorization task. In each trial, participants were presented with a facial expression of varying intensity (from 0: neutral to 7: high level of emotion strength), paired with direct or averted gaze, and had to categorize the expressed emotion. The concomitant gaze direction was not mentioned to the participants and hence was implicit. To better characterize cognitive mechanisms involved in participant behavior, computational models from signal detection theory were applied on data. Parameters of the models will inform us on how threat transforms the processing of signal either by modulating the perception sensitivity of cue or by biasing our subjective evaluation of them (decision criterion).

4-Summary of the Chapter

To investigate how social cognition is transformed under threat, experiments presented in this thesis investigated how and why the sense of being threatened impacts action co-representation and perception of fear emotional displays (see Figure 3-2). Then, we first validated a within-subject procedure to induce anxiety using the unpredictable delivery of 70-dB aversive distress screams (Chapter 4). This procedure has been applied to two well-known paradigms: the social Simon task which allows to assess action co-representation (Chapter 5) and a neutral-fear categorization task to investigate the processing of fear emotional display (Chapter 6). To understand the nature and dynamics of collective reactions to imminent danger in humans, the instrumentality (i.e. value/social meaning) of experimental factors has been varied. We assumed that the way our cognition will be sensitive to particular factor incentives will inform the function of social cognition under threat. The following experimental section of this thesis will present each of these experiments in detail. 

CHAPTER FIVE: INDUCING A 'SENSE OF BEING THREATENED' IN THE LAB

In this chapter, we will describe the central method we have used in all studies we conducted: the threat-of-scream paradigm. This paradigm is an acoustic version of the gold-standard threat-of-shock.

Threat of unpredictable shocks is an efficient and reliable within-subject procedure to elicit anxiety (i.e. sustained stress) in both humans and animals [START_REF] Davis | Phasic vs sustained fear in rats and humans: role of the extended amygdala in fear vs anxiety[END_REF][START_REF] Grillon | Models and mechanisms of anxiety: evidence from startle studies[END_REF]. When this project was created, the literature on this procedure raised two questions:

(i) Is this type of procedure effective through long experimental sessions?

(ii) Can we use another stimulus more easily applicable in laboratory than the electric shock?

Hence, we chose human distress screams instead of electric shocks. To ensure the safety of participants' audition, the screams were presented at an intensity of 70dB. Since the induction of a sense of being threatened was the main experimental factor in our planned studies, we first validated this paradigm inside two groups of participants (N=26 then N=33) during a one-hour experimental session. To validate this tool, participants' subjective reports as well as their skin conductance level (SCL) were measured. A higher subjective report of anxiety and a higher SCL would demonstrate the induction of a sense of being threatened in threat blocks compared to the time-period in which no screams are delivered. Also, these two increases would be present over the whole experiment. As the following chapter will illustrate, I found a significant difference on SCL and subjective anxiety between threat-of-scream and safe time-periods. These results validate the efficiency of this procedure.

Distress screams thus appear to be excellent candidates to investigate responses to ongoing threat in the lab.

CHAPTER 4 INDUCING A 'SENSE OF BEING THREATENED' IN THE LAB VALIDATION OF THE THREAT-OF-SCREAM PARADIGM Introduction

Given the ubiquity and persistence of anxiety disorders, as well as their massive impact upon quality of life [START_REF] Leon | The social costs of anxiety disorders[END_REF], it is essential that neurobiologists and clinicians be able to determine how anxiety influences human brain physiology and behavioral responses to stress or external threats, along the continuum from normal to pathological conditions. While high anxiety leads to exaggerated estimates of the probability of threat, a certain level of anxiety is crucial for an organism's survival as it ensures optimal sensitivity and decisiveness in the face of possible threat [START_REF] Bateson | Anxiety: An evolutionary approach[END_REF][START_REF] Grillon | Models and mechanisms of anxiety: evidence from startle studies[END_REF][START_REF] Marks | Fear and fitness: An evolutionary analysis of anxiety disorders[END_REF].

The predictability of threat appears to be a major determinant of anxiety-related bodily manifestations, such as modulations of heart rate, startle reflex or skin conductance [START_REF] Alvarez | Phasic and sustained fear in humans elicits distinct patterns of brain activity[END_REF][START_REF] Davis | Phasic vs sustained fear in rats and humans: role of the extended amygdala in fear vs anxiety[END_REF][START_REF] Torrisi | The neural basis of improved cognitive performance by threat of shock[END_REF][START_REF] Vansteenwegen | Contextual fear induced by unpredictability in a human fear conditioning preparation is related to the chronic expectation of a threatening US[END_REF]. Indeed, predictable threats lead to phasic and acute fear responses (e.g. startle reflex [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF]) that are directly associated with the appearance of that threat (e.g. a shock). In contrast, and in agreement with the safety-signal hypothesis [START_REF] Seligman | The safety signal hypothesis[END_REF], unpredictable threats induce sustained anxietyrelated physiological responses (e.g. startle reflex [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF] ; prepulse inhibition, a physiological marker of alertness [START_REF] Grillon | Effects of stress and shock anticipation on prepulse inhibition of the startle reflex[END_REF]) and enhanced vigilance, reflected in a longlasting facilitation of the processing of sensory information (Kastner-Dorn et al., 2018).

The Threat of Shock paradigm (hereinafter TOS) has been the gold-standard paradigm to reveal the effects of anxiety on cognitive functions and quantify within-subject individual difference in threat response (for review (Robinson et al., 2013)). TOS consists in alternating blocks in which participants are explicitly told that they could receive an electric shock at any time (unpredictable threat blocks)

with blocks in which participants are explicitly told that no such shocks will occur (safe blocks). Such on-off alternations allow experimenters to manipulate the state of anxiety within subjects as each participant can serve as her/his own control. TOS proved to be a reliable method for inducing sustained anxiety, as reflected in participants' higher physiological (startle reflex and elevated tonic skin conductance level) and psychological (higher reports of subjective anxiety) responses during threat versus safe blocks [START_REF] Bradley | Startle reflex modulation during threat of shock and "threat" of reward[END_REF][START_REF] Grillon | Effect of attention control on sustained attention during induced anxiety[END_REF][START_REF] Hubbard | Modulation of nociceptive and acoustic startle responses to an unpredictable threat in men and women[END_REF][START_REF] Torrisi | The neural basis of improved cognitive performance by threat of shock[END_REF] Yet, similarly to all paradigms, TOS has limitations. First, it is not clear whether it can induce sustained anxiety responses for long durations. Experiments that have employed the TOS paradigm have been relatively short (~ 30 minutes). Hour-long experiments using TOS do exist [START_REF] Engelmann | Anticipatory Anxiety Disrupts Neural Valuation during Risky Choice[END_REF] but anxiety manipulation in these studies was mainly assessed using self-ratings of anxiety states, susceptible to demand effects, and/or local phasic physiological changes, which only represent a few seconds of the participants' physiological state following the electric shock. To our knowledge, few experiments looked at whether induced anxiety could be maintained across several blocks. First, Bublatzky and colleagues [START_REF] Bublatzky | Additive effects of threatof-shock and picture valence on startle reflex modulation[END_REF] reported no habituation of tonic skin conductance activity during an experiment lasting only 15 minutes, while Aylward and colleagues [START_REF] Aylward | Altered learning under uncertainty in unmedicated mood and anxiety disorders[END_REF] reported no habituation on subjective reports of anxiety across a 45-min experiment. Moreover, Bublatzky and colleagues [START_REF] Bublatzky | The persistence of socially instructed threat: Two threat-of-shock studies[END_REF] provided promising results, even in the absence of aversive experiences, i.e. when participants believed that they could receive shocks in threat blocks while none were delivered, across repeated sessions within one day. However, in the absence of aversive stimulation, the induced anxiety across repeated test days diminished with different timing across subjective reports and physiological measures. It therefore remains unclear whether TOS, using unpredictable aversive stimulation, is resistant to physiological habituation even though long-duration experiments are necessary when testing several conditions and/or requiring a large number of trials (as in computational modelling).

A second limitation has to do with the appropriateness of TOS for certain study populations. Although well-known for their aversive properties [START_REF] Schmitz | Assessing fear and anxiety in humans using the threat of predictable and unpredictable aversive events (the NPU-threat test)[END_REF], electric shocks may not be administrated to vulnerable and younger populations (notably children). White noise burst has been proposed as an alternative to electric shocks for fear-conditioning protocols that require a large number of trials (e.g. EEG and MEG, see [START_REF] Sperl | A pragmatic comparison of noise burst and electric shock unconditioned stimuli for fear conditioning research with many trials[END_REF]). However, the same criticism arises. Aversive noise bursts are often presented at between 95 and 110 dB, an intensity that can potentially be intolerable and which could cause hearing loss following prolonged exposition (European Legislation-directive n° 2003/10/CE). Sounds between 95 and 110 dB not only exceed tolerance (75dB) and danger (85dB) thresholds for audition, they come relatively close to the pain threshold of 120dB.

What methodology can overcome these limitations while generating anxiety in most populations in a sustained and stable way? Threatening stimuli are useful insofar as they are perceived as unpleasant without being painful. In particular, distress screams produced by humans are good candidates as they are evolutionarily and socially meaningful sounds that efficiently signal impending danger to conspecifics [START_REF] Arnal | Human Screams Occupy a Privileged Niche in the Communication Soundscape[END_REF][START_REF] Belin | Neurobiology: Sounding the Alarm[END_REF]. They are perceived as highly aversive signals and are characterized by distinctive roughness acoustical properties [START_REF] Anikin | Human Non-linguistic Vocal Repertoire: Call Types and Their Meaning[END_REF], which specifically engage subcortical regions known to be critical for swift reactions to danger [START_REF] Arnal | Human Screams Occupy a Privileged Niche in the Communication Soundscape[END_REF].

Human screams have previously been used during fear conditioning paradigms (e.g. screaming lady paradigm [START_REF] Lau | Distinct neural signatures of threat learning in adolescents and adults[END_REF][START_REF] Lau | Fear conditioning in adolescents with anxiety disorders: results from a novel experimental paradigm[END_REF]), to investigate, for instance, the mechanisms involved in developmental anxiety [START_REF] Britton | Development of anxiety: The role of threat appraisal and fear learning[END_REF]. Stimuli paired with screams induce higher skin conductance [START_REF] Ahrens | Fear conditioning and stimulus generalization in patients with social anxiety disorder[END_REF] and startle responses [START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF][START_REF] Haddad | Measuring the role of conditioning and stimulus generalisation in common fears and worries[END_REF] as well as higher subjective anxiety reports [START_REF] Den | Teens that fear screams: A comparison of fear conditioning, extinction, and reinstatement in adolescents and adults[END_REF] compared to unpaired stimuli. However, as most past studies using screams delivered them with a potentially painful intensity (around or above 90 dB) [START_REF] Ahrens | Fear conditioning and stimulus generalization in patients with social anxiety disorder[END_REF][START_REF] Dibbets | The influence of state anxiety on fear discrimination and extinction in females[END_REF][START_REF] Geller | Fear Conditioning and Extinction in Pediatric Obsessive Compulsive Disorder[END_REF][START_REF] Hamm | Fear conditioning, meaning, and belongingness: a selective association analysis[END_REF][START_REF] Lau | Distinct neural signatures of threat learning in adolescents and adults[END_REF][START_REF] Lau | Fear conditioning in adolescents with anxiety disorders: results from a novel experimental paradigm[END_REF], the aversive nature of screams and the potential painful experience may have both contributed to the observed responses. Nevertheless, some studies did succeed in evoking acute fear responses using intensities lower or equal to 80 dB [START_REF] Den | Teens that fear screams: A comparison of fear conditioning, extinction, and reinstatement in adolescents and adults[END_REF][START_REF] Glenn | The development of fear learning and generalization in 8-13 year-olds[END_REF][START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF]. Of interest, the fear potential startle was found to be comparable for stimuli conditioned with electric shocks or 80dB screams, even though those conditioned with shocks were reported to be more aversive than those conditioned with screams [START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF]. If the substitution of shocks by screams is a promising means of generating acute stress, the question remains as to whether human screams can be an efficient tool to induce sustained anxiety in a withinsubject paradigm. Of interest, adolescents show elevated startle responses in blocks during which a fearful female face accompanied by a piercing loud scream was presented in an unpredictable manner (as compared to blocks with neutral cues), suggesting that scream stimuli can induce sustained state of anxiety [START_REF] Schmitz | Measuring anxious responses to predictable and unpredictable threat in children and adolescents[END_REF]. Moreover, Patel and colleagues [START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]) manipulated anxiety in adolescents performing a working memory task using loud shrieking screams (Threat of Scream paradigm -TOSc). Substituting shocks with screams was successful as participants reported being more anxious and had higher startle responses in threat blocks compared to safe ones. Subjective anxiety of participants was found to be constant while no information was provided about differences in physiological changes over time. Yet, these experiments were short-lasting and the screams were delivered at a high intensity (95-dB).

To further establish the viability of the Threat of Scream paradigm (TOSc) and its promise for research on anxiety, we used human distress screams delivered at low intensity -rather than high intensity screams or electric shocks -to test their efficiency in inducing anxiety during a one-hour experiment.

Since distress screams have specific acoustic properties and privileged communicative function, we expected these to be particularly suitable to evoke anxiety in a long-lasting fashion, especially when presented in an unpredictable manner. To determine whether sustained anxiety was induced, we measured subjective reports of anxiety and skin conductance activity; two markers that track environmental uncertainty [START_REF] De Berker | Computations of uncertainty mediate acute stress responses in humans[END_REF]. We ran the same 1-hour experiment twice, to assess whether the observed effects were replicable. Two conditions had to be met to validate the TOSc paradigm: (i) the unpredictable screams presented at low intensity (<80dB) should modulate anxiety responses, with increased subjective anxiety reports and increased tonic physiological activity (skin conductance) in threat compared to safe blocks, similarly to previous TOS studies; and (ii) sustained state anxiety should be induced for extended periods (here one hour). The participants provided informed written consent and were compensated for their participation.

Methods

Participants

General Procedure

First, participants were recruited thanks to an online advert, which consisted of a short description of the study and included an internet link which directed participants to a Qualtrics survey. Due to the potentially stressful nature of our paradigm and after discussion with the referent medical doctors of our laboratory, we requested that participants fill in, online and anonymously, the French versions of State-Trait Anxiety Inventory Spielberger [START_REF] Spielberger | State-trait anxiety inventory for adults[END_REF]) (STAI) and Post-traumatic stress disorder Checklist Scale [START_REF] Weathers | The PTSD Checklist (PCL): Reliability, validity, and diagnostic utility[END_REF]) (PCLS), at least one week before the experiment. Only participants with a score below 40 for the PCLS and below 60 for both STAI state and trait anxiety were able to contact the experimenter, i.e. and were therefore included in the experiment.

Second, and on the day of the experiment, upon arrival at the lab, participants again completed the State-Trait STAI questionnaire on a computer to ensure that their level of anxiety was in the "normal" range (below 60) before the experimental session that aimed at manipulating their anxiety (see Figures

S4-1 & S4-2).

Third, after providing the instructions regarding the main task, the experimenter installed the skin conductance electrodes. To identify potential physiological non-responders before the main experiment, the experimenter assessed the variation of the physiological signal while participants were asked to imagine a situation during which they fell into really cold water, and this, until stopped by the experimenter. All our participants showed increased physiological response during this mental imagery task; the response then dropped when asked to stop the exercise. Based on this definition of 'non-responder', there were no non-responders among our participants.

Fourth, participants started with a 4-minute training session, before performing the main experiment for approximately 1 hour, and were carefully debriefed at the end of the main experiment. Each block began with one minute of baseline to measure participants' skin conductance before each block. A written sentence was then presented for 10 sec, providing information about the upcoming nature of the block (Safe or Threat). Each block ended with an anxiety scale. Note that skin conductance activity was measured throughout each block whereas subjective anxiety ratings were only collected at the end of each block.

Screams stimuli

Eight distress screams were used in the present protocol (4 from males and 4 from females). The screams were normalized at -2b using audiosculpt 3.4.5 (http://forumnet.ircam.fr/shop/fr/forumnet/10audiosculpt.html). During both the training session and the main experiment, screams were delivered using Bose headphones (QuietComfort 25) at peak intensity below 70 dB (mean of 68 dB as measured by a sonometer).

The screams were provided by Professor Armony, and had been previously validated [START_REF] Fecteau | Judgment of emotional nonlinguistic vocalizations: age-related differences[END_REF]) by a group of 60 individuals who rated the stimuli on emotional valence and intensity. However, at the end of the experiment, during the debriefing, we collected ratings for all screams together on an aversive scale (from 0 -not at all aversive to 10 -extremely aversive). Participants rated the screams as moderately aversive (median of 4, see Figure S4-4, left). Note however that, compared to past studies, we delivered the screams at a lower intensity (70 dB rather than 85-90 dB as in [START_REF] Fecteau | Amygdala responses to nonlinguistic emotional vocalizations[END_REF]). As inducing anxiety relies both on the aversiveness of the delivered stimuli as well as their unpredictability, we also asked participants to rate how much they felt preoccupied by the possibility that a scream would be delivered during threat blocks (this was done during the debriefing). Participants felt relatively preoccupied, i.e. they reported anticipatory anxiety of scream delivery (median of 6 see Figure S4-4, right). They often stated that they were wondering when the next scream was to appear.

Experimental design and task

The experiment consisted in an alternation between threat and safe blocks (see Figure 4-1a).

Participants were informed that during threat blocks, the sides of the screen were blue, meaning that they were at risk of hearing unpredictable distress screams at any time, through their headphones. In contrast, during safe blocks, the sides of the screen were green meaning no screams were to be delivered.

During both threat and safe blocks, participants performed a free action-decision task in a social context, developed by Vilarem et al. [START_REF] Vilarem | Action opportunities modulate attention allocation under social threat[END_REF]. Each trial started with a grey screen of 1000ms, followed by a fixation cross for 500ms. A picture of a scene was then presented which remained on the screen until a response was registered, or until a maximum time of 1400ms in the case of no response (each trial has therefore a duration of 2900ms maximum). The scene depicted a waiting room with four chairs, of which the outer two were empty. The two middle chairs were occupied by two task-irrelevant individuals, one displaying a neutral expression while the other displayed either a neutral, fearful or angry expression. Participants were asked to indicate the seat they would like to occupy, maintaining fixation on the cross displayed between the faces throughout the trial. In order to make their choice, participants had to left-click on the mouse, move the cursor from the bottom center of the scene and release the click on the chosen seat. The cursor was automatically re-centered at every new trial. Participants were required to make spontaneous choices and were informed that there were no correct or incorrect responses. Importantly here, the number of neutral, fear and anger trials was equal for safe and threat blocks. Data from the task are not presented here, being part of another study (Beaurenaut et al. unpublished). To resume, participants performed a free action-task and were either exposed to screams at any time during threat blocks and to no screams during safe blocks.

The temporal organization of each block was as follow (see Figure 4-1b): a black screen with the written instruction "stabilisation of the signal" was first presented for 1 minute during which the physiological baseline of participants was recorded. Second, to inform participants about the nature of the block, the written instruction "Threat Block: at any time, a scream can be presented" or "Safe Block: you will hear nothing during this block" was presented for 10 sec. Third, participants performed the above-described free action-task for about 4 min. Fourth, at the end of each block, participants reported their anxiety level on a continuous scale (from 0: really calm to 100: really anxious), by moving a cursor on the screen using the mouse. The scale was presented on the computer screen and disappeared once the response was given. Finally, to assess physiological variation of participants' bodily state in threat compared to safe blocks, skin conductance activity was recorded throughout the blocks.

A training session was performed before the main experiment to familiarize participants with the free action-task, the structure of the experiment (the alternation of safe and threat blocks and their associated screen sides' colors) and the screams. Participants were trained on 2 blocks, one safe and one threat, each of 32 trials. During the threat block, 2 distress screams (one male and one female)

were delivered once during two randomly chosen trials from among the 32 (approximately 6% of the trials). Note that the two screams used for the training were different from the 6 screams used during the main experiment.

Participants then performed the main experiment (Mduration = 65 min, SDduration = 5min), divided into 10 blocks of 96 trials, 5 threat blocks and 5 safe blocks. During each threat block, 6 distress screams were delivered once, randomly during the block (approximately 6% of the trials), either before the grey screen (2 screams), before the fixation cross (2 screams), or at the appearance of the scene (2 screams). The nature (safe or threat) of the first block was counterbalanced across participants: the threat blocks were the blocks 2-4-6-8-10 for even participants and 1-3-5-7-9 for the odd participants.

Skin conductance recordings

Skin conductance activity was recorded using a PowerLab 8/35 amplifier, with a GSR Amp (FE116) unit which uses low, constant-voltage AC excitation (22 mV rms at 75 Hz), and a pair of stainless steel dry bipolar electrodes (3x2,5cm, MLT118F). The electrodes were attached to the participant's left index and ring fingers of the non-dominant hand, using dedicated Velcro. Recordings were performed with LabChart 7 software, at a sampling rate of 1 kHz, with the recording range set to 40 μS and using initial baseline correction ("subject zeroing") to subtract the participant's absolute level of electrodermal activity from all recordings (devices and software from ADInstruments). Finally, as lowpass filter of 0.05Hz has been proposed as an appropriate filter to eliminate any noise as well as the phasic component of the signal (see [START_REF] Braithwaite | A guide for analysing electrodermal activity (EDA) & skin conductance responses (SCRs) for psychological experiments[END_REF])), we applied this filter to isolate the tonic activity of the skin conductance signal and to minimize the phasic influence of screams during threat blocks on the skin conductance activity. Performing the analyses on raw data signal revealed similar results as those performed on filtered data (see Figure S4-3).

Skin conductance level (SCL) processing

The SCL corresponds to the tonic activity of the skin conductance signal. The physiological signal was processed using Labchart 7 and Matlab. For each participant and for each block, we obtained (a) one SCL value corresponding to the averaged signal over the 1-minute baseline at the start of the block (see Figure 4-1b), and (b) one SCL value corresponding to the averaged signal over task performance (MDuration of one block = 4min, SD = 30s). The instruction phase (Condition + Readying -see Figure 4-1b), between 1-minute baseline and the beginning of the free action-task was not included in the averaged signal. Moreover, for threat blocks only, the phasic activity induced by the distress screams (6% of threat block trials) was excluded from the averaged signal. Finally, for each block (whether safe or threat), variation from the baseline was obtained by subtracting the baseline activity from the averaged activity over task performance. We therefore obtained, for each participant, 5 values corresponding to the 5 Safe blocks, and 5 values corresponding to the 5 Threat blocks.

Statistical analyses

All statistical analyses were carried out using JASP Software (JASP Team (2017), JASP (Version 0.8.5.1) [Computer software]). The corresponding tables of results are available in Supplementary materials.

Repeated-measures ANOVAs

For each experiment and for both the physiological variable (SCL) and the subjective reports of anxiety, we ran two-way repeated-measures ANOVAs with Condition (Threat vs. Safe) and Time (Blocks 1 to 5) as within-subject factor. We applied the Greenhouse-Geisser correction to correct for deviations from the assumption of sphericity (the corrected P corrected and the GG-ε are reported)

and Bonferroni correction for the post-hoc tests (Pbonf). Effect sizes (partial eta-squared, η²p) are reported together with F and p values. To better examine if SCL and subjective anxiety changed over time, we looked at threat vs. safe difference over time (see Supplementary Materials).

Intra-individual correlation

To assess the intra-individual coherence between the physiological state of participants and their subjective experience, we first computed Pearson's r correlation coefficient for each participant between their subjective reports and SCL measures (10 values for each measure and each participant, since the experiment was composed of 10 blocks). We then performed Fisher's r-to-z transformation to normalize Pearson's r correlation coefficients [START_REF] Howell | Statistical methods for psychology[END_REF] before testing whether the correlation coefficients across participants were different from zero (bidirectional one-sample t-test).

Inter-individual variability

We assessed whether inter-individual variability in trait anxiety could partly explain the variance in our measures of interest (SCL, subjective anxiety, and intra-individual correlation). To do so, we reran the above-described ANOVAs for SCL and subjective anxiety with the scores of the STAI-trait questionnaire as co-variable, and performed a correlation between the intra-individual correlations (used to assess emotion coherence) and the scores of the STAI-trait questionnaire.

Results Study 1

Skin conductance level (SCL)

Participants' tonic skin conductance activity (SCL) was greater during Threat (M = -0.61, SE = 0.39) relative to Safe (M = -2.03, SE = 0.33) blocks (F(1,25) = 17.20, p < 0.001, ƞ²p = 0.41) (see Figure 4-2a). We observed a main effect of Time (F(4,100) = 12.96, pcorr < 0.001, GG-ε = 0.49, ƞ²p = 0.34), suggesting a decrease of SCL across the experiment. However, there was no significant interaction between Condition and Time (F(4, 100) = 0.12, pcorr = 0.92, GG-ε = 0.58, ƞ²p = 0.005), suggesting that the difference in SCL between Safe and Threat did not change with time.

Subjective reports of anxiety

Participants reported higher scores on the anxiety scale at the end of Threat (M = 37.90, SE = 4.27) compared to Safe (M = 23.35, SE = 3.28) blocks (F(1,25) = 15.11, p < 0.001, ƞ²p = 0.38) (see Figure 4-2b). While factor Time was not significant (F(4,100) = 1.84, pcorr = 0.16, GG-ε = 0.61, ƞ²p = 0.069), there was a trend toward significance for the interaction term between Condition and Time on subjective reports (F(4,100) = 2.14, p = 0.081, ƞ²p = 0.079). Based on complementary t-tests (see Table S4-14), the interaction appears to be driven by a diminution of the difference in subjective anxiety between Threat and Safe conditions in the fifth and last block (for Blocks 1 to 4, all ps < 0.005 and Cohen's d > 0.633; for Block 5, p = 0.032 and Cohen's d =0.446).

Intra-individual Correlation

The average of intra-individual correlation estimates between SCL and subjective reports was positive 

Inter-individual variability

In exploratory analyses, we assessed whether inter-individual variability in anxiety trait, measured by the STAI-trait auto-questionnaire, could explain part of the variance in our measures of interest (SCL, subjective reports of anxiety and intra-individual correlation). No significant interaction or correlation were observed with scores at the STAI-trait questionnaire (all the ps > 0.17, see Tables S4-17 -S4-19).

Results Study 2 (Replication)

Skin conductance level (SCL)

Replicating results from Experiment 1 (see Figure 4-2d), participants' tonic skin conductance activity (SCL) was higher during Threat (M = -0.77, SE = 0.35) relative to Safe (M = -2.00, SE = 0.33) blocks (F(1,32) = 29.36, p < 0.001, ƞ²p = 0.48). We observed a main effect of Time (F(4,128) = 12.48, pcorr < 0.001, GG-ε = 0.73, ƞ²p = 0.28), suggesting a decrease of SCL across the experiment. However, there was no significant interaction between Condition and Time (F(4,128) = 1.35, p = 0.25, ƞ² p = 0.041).

Subjective reports of anxiety

Replicating results from Experiment 1, participants reported higher scores on the anxiety scale at the end of Threat (M = 39.08, SE = 4.55) compared to Safe (M = 14.19, SE = 2.51) blocks (F(1,32) = 47.84, p < 0.001, ƞ² p = 0.60) (see Figure 4-2e). There was a trend toward significance for the main effect of Time, suggesting that participants' subjective reports decreased in intensity across the experiment (F(4,128) = 2.47, pcorr = 0.083, GG-ε = 0.58, ƞ²p = 0.072). There was a significant interaction between Condition and Time on subjective reports (F(4,128) = 4.05, p = 0.004, ƞ²p = 0.11).

Post-hoc tests revealed a significant decrease in the difference in subjective anxiety between Threat and Safe conditions between the first and the fourth and fifth blocks (B1vsB4: Mean Difference= 12.36, SE = 3.63, t(32) = 3.41, pbonf = 0.018; B1vsB5: Mean Difference= 14.30, SE = 4.20, t(32) = 3.40, pbonf = 0.018; all other comparisons ps > 0.342, see Table S4-29). Note however that the subjective difference between Threat and Safe conditions remained significant in all blocks (all the p< 0.001, 0.77 < Cohen's d < 1.24) (see Table S4-31).

Intra-individual Correlation

Replicating 

Inter-individual variability

As in Study 1, we assessed whether inter-individual variability in trait anxiety, measured by the STAI trait auto-questionnaire, could explain part of the variance in our measures of interest (SCL, Subjective anxiety and intra-individual correlation). No significant interaction or correlation were observed with the scores in the STAI trait questionnaire (all the ps > 0.091, see Tables S4-34 -S4-36). 

Discussion

The present experiment aimed at offering additional validation to the Threat-of-Scream paradigm (TOSc [START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]) by investigating whether sustained anxiety could be induced during a period of 1 hour, using unpredictable distress screams delivered at low sensory intensity (70-dB). We measured two proxies of anxiety, namely subjective reports of anxiety and skin conductance level, and ran the same hour-long experiment twice to assess the replicability of our results. Both experiments revealed higher skin conductance level (SCL) and self-reported anxiety during threat as compared to safe blocks. Moreover, we observed that the difference in SCL between safe and threat blocks remained constant throughout the experiment (or at least, statistically non-distinguishable), and that participants tended to report less anxiety towards the end of the experiment. The physiological state of participants (SCL) and their subjective reports of anxiety were positively correlated and all reported effect sizes were medium to large and replicable. Overall, our findings convincing demonstrate the robustness of the TOSc paradigm as a tool to assess the relatively long-lasting impact of sustained anxiety with potential applications to a diversity of cognitive functions and populations.

To manipulate anxiety within participants, we used unpredictable human distress screams as aversive cues. Human distress screams are highly salient vocal signals of impending danger. Characterized by distinctive roughness acoustical properties which contribute to their aversiveness [START_REF] Arnal | Human Screams Occupy a Privileged Niche in the Communication Soundscape[END_REF][START_REF] Arnal | The rough sound of salience enhances aversion through neural synchronisation[END_REF], they are perceived as communicating fear [START_REF] Anikin | Human Non-linguistic Vocal Repertoire: Call Types and Their Meaning[END_REF] and convey cues as to caller identity [START_REF] Engelberg | Do human screams permit individual recognition?[END_REF].

Past experiments successfully substituted shocks with human screams to generate acute stress during fear conditioning paradigms (e.g. screaming lady paradigm [START_REF] Lau | Distinct neural signatures of threat learning in adolescents and adults[END_REF][START_REF] Lau | Fear conditioning in adolescents with anxiety disorders: results from a novel experimental paradigm[END_REF]).

Comparable physiological responses (fear potential startle) were found for stimuli conditioned with electric shocks and 80dB screams, even if stimuli conditioned with electric shocks were rated as more aversive than those conditioned with screams [START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF].

Knowing that unpredictability can induce sustained anxiety provided that the anticipated stimulus is sufficiently aversive [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF], we tested whether unpredictable distress screams, delivered at lower sensory intensity (70-dB) than previous experiments [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF], could efficiently induce sustained anxiety. Our findings clearly demonstrate that the aversiveness of unpredictable distress screams at low sensory intensity (70-dB) is sufficient to induce sustained anxiety in a within-subject paradigm. Indeed, in addition to a modest but significant increase in self-reported anxiety, participants' skin conductance level increased and a large difference in physiological activity (ƞ² p > 0.40) was found in blocks during which human distress screams were delivered compared to safe blocks in both experiments.

Moreover, we demonstrate that anxiety can be induced for extended periods (here: one hour). We observed in two experiments that changes in tonic physiological activity (skin conductance level) between threat and safe blocks did not seem to be affected by time. Regarding self-reported anxiety, and contrary to Patel et al. [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF], we observed a decrease in subjective ratings of anxiety over time (significant in Study 2 and trending in Study 1), which could be explained by the duration of our experiment and/or by the intensity of the present screams. Yet, the difference in subjective anxiety between threat and safe conditions remained significant across all blocks. Our results complement previous findings of sustained tonic skin conductance activity during a 15-min study [START_REF] Bublatzky | Additive effects of threatof-shock and picture valence on startle reflex modulation[END_REF] and of self-reported anxiety throughout a 30 [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF] and 45-min experiment [START_REF] Aylward | Altered learning under uncertainty in unmedicated mood and anxiety disorders[END_REF]. Altogether, findings from the current study indicate that unpredictable distress screams, which serve to communicate danger, (i) are efficient in manipulating anxiety within-subject for one hour, and (ii) can be perceived as aversive even at low intensity.

In the present experiment, screams were rare as they occurred in approximately 6% of trials (as in the original version developed by Patel el al. [START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]). We isolated the tonic skin conductance activity by removing trials over which the exposure to screams could generate phasic activity.

Moreover, the difference between threat and safe conditions can be observed by and was stable in the first seconds of the blocks, even when no scream had yet been heard (the first scream was delivered at 37 ± 4s SD after the beginning of block, see Figure S4-5). We therefore believe that our effect is related to the anxiety likely generated by the unpredictable threat context rather than by reactions to the screams themselves.

Subjective reports of anxiety and skin conductance level were found to be positively correlated in both experiments. The association between self-reported experience and observed physiological activity has been referred to as "emotion coherence". A number of proponents have suggested that coherence across physiological, behavioral (facial expressions), and experiential responses is the definition of an emotion episode (e.g. [START_REF] Ekman | Facial expression and emotion[END_REF][START_REF] Panksepp | The basics of basic emotion[END_REF][START_REF] Tomkins | Affect imagery consciousness: Volume I: The positive affects[END_REF]). This proposition is however debated, as some authors suggest that emotion systems are only loosely coupled [START_REF] Bonanno | Brief Report The coherence of emotion systems: Comparing "online" measures of appraisal and facial expressions, and self-report[END_REF][START_REF] Izard | Differential emotions theory[END_REF] Within the fear conditioning literature, positive correlations between SCR and self-reported experience have been observed [START_REF] Lovibond | Protection from extinction in human fear conditioning[END_REF][START_REF] Rodriguez | Context-specificity of relapse: effects of therapist and environmental context on return of fear[END_REF]. For instance, Glenn, Lieberman, Hajcak [START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF]) observed, at a trend level, a convergence between subjective and physiological (fear-potentiated startle) measures of fear, but only for stimuli that were conditioned using electric shocks and not for those conditioned with screams. However, Abend et al. [START_REF] Abend | Anticipatory Threat Responding: Associations with Anxiety, Development, and Brain Structure[END_REF] revealed a convergence of subjective and psychophysiological measures for CS+ following conditioning, using 95dB female scream. Here, by alternating blocks during which participants were at risk of hearing unpredictable aversive screams with blocks during which no screams were to be delivered (safe blocks), we show that unpredictable distress screams at low sensory intensity (70-dB) are sufficiently aversive to generate emotion coherence, i.e. positive correlation between subjective reports of anxiety and skin conductance level.

Such coordinated changes (coherence) across physiological and experiential responses clearly support the efficiency of our manipulation in inducing an emotion (anxiety) episode.

Several limitations to this experiment need to be acknowledged. First, as in the majority of the threat of shock studies (i.e. (Aylward et al., 2017;[START_REF] Balderston | Effect of threat on right dlPFC activity during behavioral pattern separation[END_REF]), aversive stimuli were delivered only in threat blocks while participants did not receive any stimulation in safe ones. This difference in stimulation could be involved in the observed SCL differences. Future studies should eliminate this confound. We envision three possibilities here. First, one could avoid stimulation entirely during the task. Indeed, some experiments have either delivered shocks during a shock workup procedure before the main experiment [START_REF] Bublatzky | Additive effects of threatof-shock and picture valence on startle reflex modulation[END_REF][START_REF] Bublatzky | Pictures cueing threat: Brain dynamics in viewing explicitly instructed danger cues[END_REF] or never delivered shocks to participants [START_REF] Costa | From threat to safety: Instructed reversal of defensive reactions[END_REF]. Subsequent verbal instructions (i.e., "you can be exposed to shocks in this block") and cues that falsely signal the possibility of a shock were sufficient to elicit autonomic and subjective fear. A second possibility is to deliver the aversive stimuli at the end of the threat block to best isolate their effects [START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF]. However, participants appeared to learn that they were in fact safe of shocks in so-called threat blocks when the experiment was of a long duration [START_REF] Bublatzky | The persistence of socially instructed threat: Two threat-of-shock studies[END_REF]. A third possibility is to add monetary stimulation in safe blocks, which causes stimulation and makes these blocks 'appetitive' rather than neutral [START_REF] Bradley | Startle reflex modulation during threat of shock and "threat" of reward[END_REF][START_REF] Cohen | When Is an Adolescent an Adult? Assessing Cognitive Control in Emotional and Nonemotional Contexts[END_REF]. Nevertheless, these 3 methods still do not appear to be fully appropriate to specifically investigate long-lasting anxiety.

Second, one may question the specificity of tonic skin conductance activity (SCL) to assess sustained anxiety. SCL is known to be modulated by different factors such as participants' emotional state, arousal, visual attention and motor activity [START_REF] Boucsein | Electrodermal activity[END_REF][START_REF] Critchley | Electrodermal responses: what happens in the brain[END_REF]. As such, SCL may only represent an indirect marker of anxiety (see [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF])), and the present higher SCL during threat compared to safe blocks may be linked to one or more of these modulators, i.e. higher level of arousal, and/or negative emotional state and/or increase of visual attention. There is however some evidence in the literature that SCL can reflect participant's sustained anxiety. For instance, Doberenz et al. [START_REF] Doberenz | Twenty-four hour skin conductance in panic disorder[END_REF] revealed elevated SCL in awake panic disorder patients compared to controls, and suggested that it was related to sustained anxiety between panic attacks, i.e. anxious anticipation of future attacks. Recently, and in a more controlled setting, [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF][START_REF] Schmitz | Measuring anxious responses to predictable and unpredictable threat in children and adolescents[END_REF].

Third, sustained contextual anxiety, but not phasic fear to a predictable threat, is believed to differentiate anxious from non-anxious individuals (e.g. Grillon, Morgan, [START_REF] Grillon | Effects of experimental context and explicit threat cues on acoustic startle in Vietnam veterans with posttraumatic stress disorder[END_REF].

The present absence of association between our measures of interest, i.e. SCL and subjective report of anxiety, and participants' trait anxiety could be seen as a challenge for the validity of our paradigm. A first potential explanation is that the relatively limited sample size did not provide sufficient power to reliably examine correlations among these measures. However, looking at previous studies that used the threat-of-shock or -scream paradigms to induce state anxiety, the association between participants' trait anxiety and both subjective and physiological measures is unclear. Indeed, most studies in normative samples that we are aware of only report the mean trait anxiety scores of their participants without performing any correlations between trait anxiety and physiological measures (e.g. [START_REF] Grillon | Anxious responses to predictable and unpredictable aversive events[END_REF]Grillon et al., , 2020;;[START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF][START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF][START_REF] Sarigiannidis | Anxiety makes time pass quicker while fear has no effect[END_REF], with the exception of [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF]. Future experiments should therefore further examine the interactions between (shock-and scream-induced) state anxiety and temperamental trait anxiety disposition.

Fourth, there may be an influence of the action-decision task on our anxiety measures. This is indeed a possibility as (a) the present task consists in taking-action decisions in the presence of two taskirrelevant individuals, one of them displaying in 2/3 of the trials a threat-related expression (fear or anger); and (b) Grillon and Charney [START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF] have revealed that the startle reflex was transiently potentiated by fearful faces compared to neutral faces in threat periods, suggesting that fearful faces can prompt behavioral mobilization in an anxiogenic context. The startle reflex is a reflexive reaction to an unexpected and intense stimulus, which is reliably potentiated by negative emotional states (e.g. Lang, Bradley, & Cuthbert, 1990). According to this definition, phasic skin conductance response following unexpected and negative stimuli may be similarly impacted in threat contexts. Therefore, one could envisage higher phasic skin conductance activity to the screams and to the presence of a threat-related facial expression in threat as compared to safe blocks. However, as we filtered our data in order to reduce the phasic component of the skin conductance activity, we believe that such an effect cannot entirely explain the difference we observed in tonic skin conductance activity (SCL) between threat and safe blocks. Regarding subjective reports of anxiety, we cannot fully exclude the possibility of an influence of the ongoing task (and stimuli), as Grillon and Charney [START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF]) observed a significant positive correlation between the startle potentiation score (difference between fear and neutral stimuli) and the increased fear reported by the subjects during threat relative to safe contexts. Future studies are needed to confirm our results, by measuring the startle reflex to startle stimuli in both threat and safe contexts.

Finally, the present study does not demonstrate that the threat-of-scream paradigm leads to longer lasting effects than the threat-of-shock paradigm. However, as electric shocks, which represent a direct physical threat, may be considered more aversive than human screams (electric shocks constitute a threat; screams are signals of impending threat), the associated induced anxiety should be even less susceptible to time. Also, if the aversiveness of the delivered stimuli is one important component in the induction of anxiety, the unpredictability of the aversive stimuli is probably the main component in such paradigms. As both paradigms share these two major components, we are confident that future experiments will provide evidence for long-lasting effects using the threat-of-shock paradigm.

Overall, our study offers support to the TOSc paradigm by showing that: (i) unpredictable distress screams presented at low intensity (<80dB) can induce sustained anxiety as revealed by increased subjective reports of anxiety and increased tonic physiological activity (skin conductance level) during threat compared to safe blocks, similarly to previous threat-of-shock experiments; and that (ii) sustained states of anxiety can be induced for extended periods (here one hour). Distress screams, delivered at lower sensory intensity (70-dB), thus appear to be excellent candidates to overcome the ethical issues associated with exposing vulnerable and young populations to electric shocks and aversive noise, and to experimentally address the emergence of pathological anxiety in a consistent and sustained manner.

CHAPTER 5 ACTION CO-REPRESENTATION UNDER THREAT

As social species, many activities in our daily life require interacting with our conspecifics. More particularly, succeeding in coordinating movements represent one of our most incredible, but complex, social abilities. In order to do it efficiently, a set of cognitive mechanisms are involved, such as action co-representation (i.e. the ability to represent others' action plans). Literature on disasters revealed that coordinated actions are still planned in such context: moving obstacle on the exit road or doing legsup for example. Such joint actions required action co-representation.

How does threat affect our ability to represent others' action plans and our ability to collaborate on physical tasks? This chapter will describe how sustained stress modulates the integration of others' action under threat. Anxiety could either reduce co-representation (CoR) in order to allocate cognitive resources to individual actions, or enhance our ability to integrate others' action plans in order to more easily coordinate with each other. To disentangle these two hypotheses, 40 pairs of participants performed the Social Simon task allowing the measure of CoR abilities, in threat and safe contexts (thanks to the threat-of-scream paradigm validated in Chapter 4). As explained in the theoretical part of this dissertation, social action can be planned for different motivation (i.e. considering other's welfare or not). To distinguish the possible sources of interpretation for a modulation of CoR abilities, distress screams were delivered to one or both members of the pair of participants (i.e. sharing or not the same anxiety condition).

As the following chapter will illustrate, our results indicate that: (i) the ability to co-represent others is maintained in a threat environment; (ii) this ability is, however, boosted when one participant is exposed to threat environment while his or her partner is safe. This increase in the ability to corepresent others when one is personally threatened might be due to self-preservative motives: the CoR function could be to recruit social support, particularly in a threatening situation. However, this explanation is debated at the end of this chapter because of several methodological issues CHAPTER 5

ACTION CO-REPRESENTATION UNDER THREAT Introduction

As the COVID-19 sanitary situation has reminded us of, dangers are integral part of our lives. We, humans, are social animals, and we have evolved a series of individual adaptations and collective decision rules to cope with a wide variety of threats, such as disease transmission [START_REF] Neuberg | Human threat management systems: Selfprotection and disease avoidance[END_REF][START_REF] Tybur | Human pathogen avoidance adaptations[END_REF], predatory encounters [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF] and natural disasters or ecological shocks [START_REF] Drury | Crowd control[END_REF][START_REF] Henrich | The secret of our success: how culture is driving human evolution, domesticating our species, and making us smarter[END_REF]. Danger is so much part of our lives that our social inclinations have been suggested to have evolved in response to predatory pressures, with increasing group size being an adaptation to alleviate the costs of vigilance [START_REF] Lima | Back to the basics of anti-predatory vigilance: the group-size effect[END_REF][START_REF] Roberts | Why individual vigilance declines as group size increases[END_REF], allowing for threat dilution and the preparation of collective responses [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF]. [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF]. Once information is passed on to conspecifics, strategies for responding to danger develop. In the animal, these strategies include solo and social flight, concealment, social contact seeking and coordinated attacks on the predator [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF].

Beyond the technical difficulties of studying social behavior in the laboratory, another reason why the perception and reaction to danger is rarely considered in its social dimension in humans may be related to the persistent belief that our own responses to danger are fundamentally asocial and/or antisocial [START_REF] Dezecache | Human collective reactions to threat[END_REF]. When threatened, humans run for their lives, and may even trample others to access safety [START_REF] Le Bon | Crowd psychology[END_REF][START_REF] Quarantelli | The sociology of panic[END_REF]. In fact, those apparently asocial reactions could be inherently social, and flight possibly a strategy to approach familiar conspecifics and places [START_REF] Mawson | Understanding mass panic and other collective responses to threat and disaster[END_REF].

What's more, humans engage in coordinated actions even when directly exposed to a deadly danger, and in perfect knowledge of the risk. In a study we led on survivors' reactions during Paris terrorist attack [START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF], we found leg-up to climb up to exits, votes to decide on the next decisions to be taken and many other coordinated responses to maintain individual and collective safety. These results are consistent with previous studies on the evacuation of the World Trade Center [START_REF] Fahy | Analysis of published accounts of the world trade center evacuation[END_REF] or the London bombing attacks [START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF] which report risk taking to help strangers and a sense of unity between survivors, but also with recent behavioral research (e.g. [START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF][START_REF] Tomova | Acute stress alters neural patterns of value representation for others[END_REF][START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF] which indicate that anticipated or experienced threats can also promote affiliative and social behaviors, in agreement with the "tend-and-befriend" hypothesis [START_REF] Taylor | Tend and befriend: Biobehavioral bases of affiliation under stress[END_REF].

Altogether, it suggests that our social cognitive capabilities are at work during intensely stressful situations, and that they may even allow us to coordinate and plan actions with others. How is that even possible?

In threat-free situations, successful joint actions (such as moving furniture) are already complex tasks.

Agents need to anticipate others' actions, integrate their own action representations with those of others, to then be able to spatially and temporally coordinate their own action with those of others [START_REF] Era | Inhibition of left anterior intraparietal sulcus shows that mutual adjustment marks dyadic joint-actions in humans[END_REF]Knoblich & Sebanz, 2006). Efficient coordination indeed relies on a complex set of cognitive mechanisms [START_REF] Constable | Do you see what I see? Co-actor posture modulates visual processing in joint tasks[END_REF][START_REF] Obhi | Moving together: Toward understanding the mechanisms of joint action[END_REF][START_REF] Sebanz | Prediction in Joint Action : What[END_REF], such as visual and conceptual perspective taking (i.e.

abilities to represent others' visual and reasoning point of view) or action and goals co-representation (i.e. abilities to represent others' action plans and intention). Co-representation of action [START_REF] Atmaca | The joint flanker effect: Sharing tasks with real and imagined co-actors[END_REF]Müller, Brass, et al., 2011;[START_REF] Sahaï | Action co-representation and the sense of agency during a joint Simon task: Comparing human and machine co-agents[END_REF][START_REF] Stenzel | When humanoid robots become human-like interaction partners: Corepresentation of robotic actions[END_REF][START_REF] Stenzel | The joint Simon effect depends on perceived agency, but not intentionality, of the alternative action[END_REF][START_REF] Tsai | Action co-representation is tuned to other humans[END_REF] and of visual information [START_REF] Fini | How watching Pinocchio movies changes our subjective experience of extrapersonal space[END_REF][START_REF] Gobel | Social Beliefs and Visual Attention: How the Social Relevance of a Cue Influences Spatial Orienting[END_REF]) is now established for active and intentional biological agent and is associated with affiliative tendencies toward others [START_REF] Bukowski | Can emotions influence level-1 visual perspective taking?[END_REF].

What can be expected in threatening situations? Although associated with affiliative tendencies, corepresentation may yet be reduced in contexts where it is more costly than useful for the agent, such as in a joint task where the contribution of each co-agent is independent and clearly distributed [START_REF] Tufft | Social offloading: How working together can remove cognitive interference[END_REF]. Co-representation could even be shut down, such as when participant are coacting in competitive contexts [START_REF] Iani | The role of group membership on the modulation of joint action[END_REF], confronted to hostile conspecifics [START_REF] Hommel | How social are task representations?[END_REF], or under negative moods such sadness, anger and anxiety (Kuhbandner, Pekrun, & Maier, 2010;[START_REF] Todd | Anxious and egocentric: How specific emotions influence perspective taking[END_REF][START_REF] Todd | Time pressure disrupts level-2 , but not level-1 , visual perspective calculation : A process-dissociation analysis[END_REF]Todd & Simpson, 2016). These findings suggest that co-representation mechanisms may be tuned to allow for collaborative activity only when necessary, adjusting the amount of cognitive resources devoted to own vs. others' actions [START_REF] Mendl | Are you keeping an eye on me? The influence of competition and cooperation on joint Simon task performance[END_REF]. As co-representing others' actions can be costly and thus can diminish the possibility to allocate resources to asocial and self-preservative behaviors, it may be reduced or even interrupted under threatening situations.

On the other hand, as threat situations are inherently social situations (where others are both to be protected and to act with), it may well be that co-representation is maintained or boosted to promote social strategies that survivors described as essential for their own survival. Coherently, corepresentation is known to be susceptible to the presence of social indices and favored toward in-group and friendly individuals as well as under cooperative contexts [START_REF] Aquino | Group membership and social status modulate joint actions[END_REF][START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF][START_REF] Mcclung | Group membership affects spontaneous mental representation: failure to represent the out-group in a joint action task[END_REF]Müller, Kühn, et al., 2011). Such increases in co-representation can possibly be explained by the interdependence between co-agents (i.e., others represent an advantage or an obstacle to reach personal goals) (Era, Aglioti, et al., 2018;[START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF][START_REF] Ruys | When competition merges people's behavior: Interdependency activates shared action representations[END_REF], which modulates the willingness to invest in an interaction [START_REF] Poortvliet | Toward a more social understanding of achievement goals: The interpersonal effects of mastery and performance goals[END_REF]. So far, evidence leads toward contradictory predictions, and as corepresentation mechanisms have never been studied in threat contexts, the question remains as to whether and how they are impacted under threat.

Here, we proposed to modify one of the gold-standard paradigms to investigate the cognitive processes underlying joint actions in humans under moderate threat. We used the Social Simon task, commonly used to measure self-other integration [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF][START_REF] Sebanz | Twin peaks: an ERP study of action planning and control in co-acting individuals[END_REF], for review see [START_REF] Dolk | The joint Simon effect: a review and theoretical integration[END_REF], for meta-analysis Karlinsky, Lohse, & Lam, 2017).

In the standard Simon task [START_REF] Hommel | The Simon effect as tool and heuristic[END_REF][START_REF] Simon | Auditory SR compatibility: the effect of an irrelevant cue on information processing[END_REF], a single participant categorize binary non-spatial stimuli (e.g., violet and grey cues) randomly presented to the left or right side of the screen. To do so, participant use two spatially defined keypresses, such as the left and right "Ctrl" keypresses, each of them being associated with one stimulus (e.g. left-violet & right-grey). Even though stimulus location on the screen is completely task-irrelevant, participants are slower to respond when the cue is not spatially aligned with the corresponding keypress (incongruent trials) as compared to when it is aligned (congruent trials). This difference in reaction times, called the Simon Effect (SE), rests upon the fact that, during incongruent trials, spatial and non-spatial information activate two different action plans that compete with each other, thus slowing down participant's responses to the cue. Hence, when the same participant performs a go/no-go version of the task, i.e. being responsible for only one key-press (e.g. only left-violet), the SE disappears. However, and of interest here, when the same go/no-go version of the task is performed with a conspecific seated next to the participant, such that each of them is responsible for one keypress, the SE re-appears in both members of the dyad.

This alter-centric interference, better known as Social SE, may be regarded as an objective measure of self-other integration, typically explained by an automatic co-representation of surrounding individuals' actions [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]but see Dolk, Hommel, Prinz, & Liepelt, 2013 for a debate on the underlying mechanisms).

In the present work, dyad of participants performed the Social Simon task under a "threat-of-scream" procedure [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]. This procedure consists in alternating time-periods in which participants are at risk of hearing unpredictable aversive distress screams (threat blocks) with timeperiods in which no such screams are to be delivered (safe block). Using this procedure, we previously revealed that unpredictable threats (distress screams) generate sustained aversive states in participants, reflected by higher subjective reports of anxiety, higher skin conductance level, and positive correlation between the two measures, in threat compared to safe time periods [START_REF] Beaurenaut | The 'Threat of Scream'paradigm: A tool for studying sustained physiological and subjective anxiety[END_REF]. We tested the hypothesis that the alter-centric interference (Social SE) is affected during threat blocks. If such hypothesis is correct, we can better understand how social cognitive capabilities that allow us to coordinate and plan actions with others are engaged during threatening situations. If primary reactions to danger are asocial/anti-social, we should observe a decrease in co-representation, i.e., of the Social SE in threat compared to safe time periods. However, if primary reactions to danger are affiliative, action co-representation could be maintained or enhanced,

i.e. we should respectively observe no change or an increase of Social SE in threat compared to safe time periods.

Finally, to best understand the incentives behind potential changes in action co-representation under threat, we created two versions of the Social Simon Task. In the Common fate version, the members of a dyad were simultaneously exposed to distress screams during threat blocks, and were simultaneously safe during safe blocks. In the Non-Common fate version, and for each block, only one member of the dyad at a time was exposed to distress screams, while the other was safe (and the reverse in the next block). If alter-centric interference (Social SE) is influence by the interdependence between co-agents (Era, Aglioti, et al., 2018;[START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF][START_REF] Ruys | When competition merges people's behavior: Interdependency activates shared action representations[END_REF] 

General Procedure

First, participants were recruited thanks to an online advert, which consisted of a short description of the study and included an internet link which directed participants to a Qualtrics survey. Due to the potentially stressful nature of our paradigm and after discussion with the referent medical doctors of our laboratory, we requested participants to fill in, online and anonymously, the French versions of State-Trait Anxiety Inventory Spielberger (STAI, [START_REF] Spielberger | State-trait anxiety inventory for adults[END_REF] and Post-traumatic stress disorder Checklist Scale (PCLS, [START_REF] Weathers | The PTSD Checklist (PCL): Reliability, validity, and diagnostic utility[END_REF], at least one week before the experiment. Only participants with a score below 40 for the PCLS and below 60 for both STAI state and trait anxiety were able to contact the experimenter, i.e. were included in the experiment.

Second, two days before the experimental session, participants that were included in the experiment filled in online the Liebowitz Social Anxiety Scale (LSAS, [START_REF] Heimberg | Psychometric properties of the Liebowitz social anxiety scale[END_REF] and the Trait-STAI questionnaire. On that occasion, an anonymous code was attributed to each participant, and use for both the questionnaires and the behavioral data. Moreover, on the day of the experiment, upon arrival at the lab, the two participants completed on a computer, in two different rooms, the State-STAI questionnaire. This allowed to ensure that their state level of anxiety was in the "normal" range (below 60) before the experimental session that aimed at manipulating their anxiety. LSAS and STAI distribution for each group are provided in Supplementary Material (see Figure S5-2) and didn't differ between groups (all ps > 0.28, see Tables S5-38 -S5-44).

Third, after providing the instructions regarding the main task, the experimenter installed the skin conductance electrodes. To identify potential physiological non-responders before the main experiment, the experimenter assessed the variation of the physiological signal while participants were asked to imagine a situation during which they fell into really cold water, and this, until stopped by the experimenter. All our participants showed increased physiological response during this mental imagery task; the response then dropped when asked to stop the exercise. Based on this definition of 'non-responder', there were no non-responders among our participants.

Fourth, participants started with a 3-minute training session, before performing the main experiment for approximately 30 minutes, and were carefully debriefed at the end of the main experiment. During the debriefing, participants were notably requested to rate how aversive the screams were for them and how much they felt preoccupied by the possibility that a scream would be delivered during threat blocks (from 0 -not at to 10 -extremely).

Experimental design and task (Figure 1)

The experiment consisted in a modified version of the gold-standard Social Simon task [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF] participants performed the task during blocks before which they were told that they could hear aversive screams at any time (threat blocks) vs. blocks before which they were told that no scream will be heard (safe blocks). Participants were informed that during threat blocks, the color bands located on both sides of the screen will be blue, and that, at any time during the block, unpredictable distress screams could be delivered through their headphones. In contrast, they were informed that during safe blocks, both sides of the screen were to be green, meaning that no screams were to be delivered. The nature of the first block was counterbalanced across dyads of participants.

Contrary to the Common group, dyads of participants in the Non-Common group never shared the same experimental context: participants were informed that when the color band located on their side of the screen was blue, the color band located on the side of the other participant was to be green, meaning that only them were at risk to hear unpredictable distress scream through their headphones (i.e. they were alone in a threat block), whereas the other participant was totally safe. Safe and threat conditions were reversed at the end of each block.

The temporal organization of each block was as follow (Figure 5-1B): a black screen with the written instruction "stabilisation of the signal" was first presented for 1 minute during which the physiological baseline of participants was recorded. Second, to inform participants from the Common group about the nature of the block, the written instruction "Threat Block: at any time, a scream can be presented to both of you at the same time" or "Safe Block: Both of you will hear nothing during this block" was presented for 10 seconds. For the Non-Common Group, the written instruction "Participant X -Threat Block: at any time, a scream can be presented to you and only you" and "Participant Y -Safe Block:

You and only will hear nothing during this block" was presented for 10 seconds. Third, participants performed the Social Simon task for about 4 min. Fourth, at the end of each block, participant reported one by one their anxiety level on a continuous scale (from 0: really calm to 100: really anxious), by moving a cursor on the screen using the mouse. The order to report anxiety was randomized and participants were asked to close their eyes and turn their head to allow their co-participant to respond anonymously. The scale was presented on the computer screen and disappeared once the response was given. Finally, to assess physiological variation of participants' bodily state in threat compared to safe blocks, skin conductance activity was recorded throughout blocks for each participant.

The temporal organization of each trial was as follow (Figure 5-1C): at the center of the screen, a rectangle surrounding three horizontally arranged empty circles first appeared for 500ms, after which one of the circles became either violet or grey for 150ms. The colored cue could appear on 3 different locations: on the center circle (10% of the time), on the left one (45% of the time) or on the right one (45% of the time). Each color cue was associated with a button (e.g. violet -"Ctrl Left" or grey -"Enter Right"), and each participant of the dyad was responsible for one key-color cue association.

The key-color cue associations were randomized between participants. Participants were requested to respond as soon as they saw the color cue corresponding to their key-press by using their right index finger, regardless of the color cue's position. After participant responded, an interval of 1000ms was included before the start of the next trial.

A training session was performed before the main experiment to familiarize participants with the Social Simon Task, the structure of the experiment (the alternation of safe and threat blocks and their associated screen side colors) and the screams. Participants were trained on 2 blocks, one safe and one threat, each of 32 trials. During the threat block, 2 distress screams (one male and one female) were delivered once during two randomly chosen trials from among the 32 (approximately 6% of the trials).

Note that the two screams used for the training were different from the 6 screams used during the main experiment.

Participants then performed the main experiment, divided into 4 blocks of 90 trials, 2 threat blocks and 2 safe blocks. During each threat block, 6 distress screams were delivered once, randomly during the block (approximately 6% of the trials), either at the beginning of the trial (2 screams), before the color cue appeared (2 screams), or when it disappeared (2 screams).

Screams stimuli

Eight distress screams were used in the present protocol (4 from males and 4 from females). The screams were normalized at -2b using audiosculpt 3.4.5 (http://forumnet.ircam.fr/shop/fr/forumnet/10audiosculpt.html). During both the training session and the main experiment, screams were delivered using two Bose headphones (QuietComfort 25) at peak intensity below 70 dB (mean of 68 dB as measured by a sonometer). The screams were provided by Professor Armony, and had been previously validated [START_REF] Fecteau | Judgment of emotional nonlinguistic vocalizations: age-related differences[END_REF] by a group of 60 individuals who rated the stimuli on emotional valence and intensity. The experimental set up was previously validated in Beaurenaut et al. [START_REF] Beaurenaut | The 'Threat of Scream'paradigm: A tool for studying sustained physiological and subjective anxiety[END_REF].

Skin conductance recordings

Skin conductance activity was recorded using a PowerLab 8/35 amplifier, with two GSR Amp (FE116) unit which uses low, constant-voltage AC excitation (22 mV rms at 75 Hz), and two pair of stainless steel dry bipolar electrodes (3x2,5cm, MLT118F). The electrodes were attached to the participant's left index and ring fingers of the non-dominant hand, using dedicated Velcro. Recordings were performed with LabChart 7 software, at a sampling rate of 1 kHz, with the recording range set to 40 μS and using initial baseline correction ("subject zeroing") to subtract the participant's absolute level of electrodermal activity from all recordings (devices and software from ADInstruments). Finally, as lowpass filter of 0.05Hz has been proposed as an appropriate filter to eliminate any noise as well as the phasic component of the signal (see [START_REF] Braithwaite | A guide for analysing electrodermal activity (EDA) & skin conductance responses (SCRs) for psychological experiments[END_REF], we applied this filter to isolate the tonic activity of the skin conductance signal and to minimize the phasic influence of screams during threat blocks on the skin conductance activity (see [START_REF] Beaurenaut | The 'Threat of Scream'paradigm: A tool for studying sustained physiological and subjective anxiety[END_REF].

Skin conductance level (SCL) processing

The SCL corresponds to the tonic activity of the skin conductance signal. The physiological signal was processed using Labchart 7 and Matlab. For each participant and for each block, we obtained (a) one SCL value corresponding to the averaged signal over the 1-minute baseline at the start of the block beginning of the free action-task was not included in the averaged signal. Moreover, for threat blocks only, the phasic activity induced by the distress screams (6% of threat block trials) was excluded from the averaged signal. Finally, for each block (whether safe or threat), variation from the baseline was obtained by subtracting the baseline activity from the averaged activity over task performance. We therefore obtained, for each participant, 2 values corresponding to the 2 Safe blocks, and 2 values corresponding to the 2 Threat blocks.

Statistical analyses

All statistical analyses were carried out using JASP Software (JASP Team (2017), JASP (Version 0.8.5.1) [Computer software]). The corresponding tables of results are available in Supplementary materials. The statistical analyses can be divided in two parts.

First, we checked that the threat-of-scream procedure was efficient and had similar impact on both

Common and Non-Common groups. To do so, we ran two-way repeated-measures ANOVAs with Condition (Threat vs. Safe) and Time (block 1 to 2) as within-subjects factor and with Group (Common vs. Non-Common) as between-subjects factor on SCL and subjective reports of anxiety as well as ttests on the debriefing scores of Aversiveness and Preoccupation. Moreover, in an exploratory analysis, we assessed whether the anxiety manipulation could have been impacted when participants were in dyads rather than alone (Classical Simon task performed by 38 participants during alternating threat and safe blocks, see Supplementary Materials in Appendix Section). To do so, we ran repeatedmeasures ANOVAs with Condition (Threat vs. Safe) as within-subjects factor and with Group (Alone vs. Common vs. Non-Common) as between-subjects factor on SCL, subjective reports of anxiety, scores of Aversiveness and Preoccupation.

Second, to determine whether and how sustained anxiety impacted the Social Simon Effect (SE), we analyzed reaction times (RTs). Trials with RTs below 150ms or above 1500ms were considered as incorrect trials and participants with an error rate higher than 10% were excluded for RT analyses (Müller, Brass, et al., 2011). The SE is operationalized as the difference of reaction times between trials where the position of the cue on the screen was spatially incongruent with the location of the button press (e.g. grey cue on the left) and trials where the position of the cue on the screen was spatially congruent with the location of the button press (e.g. grey cue on the right). We ran two-way repeated-measures ANOVA with Condition (Threat vs. Safe) and Congruency (Incongruent vs.

Congruent) as within-subjects factor and with Group (Common vs. Non-Common) as betweensubjects factor for RTs. Finally, to investigate whether SE during safe and threat blocks rested upon the same mechanisms [START_REF] Welsh | The performance and observation of action shape future behaviour[END_REF], we computed between-subjects correlations separately for Common and Non-Common groups respectively. Effect sizes (eta-squared, η² or Cohen's d) are reported together with F, t, Pearson's r and p values.

Results

Figure 

Quality check of the threat-of-scream procedure

The electrodes of one participant got unplugged during two blocks, and it was therefore excluded from the SCL analyses (final n = 77). Participants' tonic skin conductance activity (SCL) was greater during Threat relative to Safe blocks (F(1,75) = 14.62, p < 0.001, ƞ²p = 0.16) (Figure 5-2D). We observed a main effect of Time (F(1,75) = 41.060, p < 0.001, ƞ²p = 0.35), suggesting a decrease of SCL across the experiment. However, there was no significant interaction between Condition and Time (F(1, 75) = 0.91, p = 0.34, ƞ²p = 0.012), suggesting that the difference in SCL between Safe and Threat blocks did not change with time. No significant interaction with Group was observed, suggesting that SCL activity was similar between Common and Non-Common Groups (all ps < 0.22).

Regarding subjective anxiety, participants reported higher levels of the anxiety at the end of Threat compared to Safe blocks (F(1,76) = 41.16, p < 0.001, ƞ² p = 0.35) (Figure 5-2D). There was a significant main effect of Time, suggesting that participants' subjective reports decreased in intensity throughout the experiment (F(1,76) = 7.30, p = 0.009, ƞ²p = 0.088). However, there was no significant interaction between Condition and Time on subjective reports (F(1,76) = 0.002, p = 0.97, ƞ²p ~ 0), suggesting that the difference in subjective reports of anxiety between Safe and Threat blocks did not change with time. Moreover, no significant interaction with Group was observed, suggesting subjective reports of anxiety were similar between Common and Non-Common Groups (all ps < 0.25).

In addition, the scores reported at the end of the experimental session regarding the Aversiveness of screams (t(76) = 0.30, p = 0.77, Cohen's d = 0.067) and Preoccupation related to screams delivery (t(76) = -0.79, p = 0.43, Cohen's d = -0.18) didn't differ between Common and Non-Common Groups.

Finally, in an exploratory analysis, we assessed whether our anxiety manipulation could have been impacted when participants were in dyads rather than alone (Classical Simon task performed by 38 participants during alternating threat and safe blocks, see Supplementary Materials). The ANOVAs revealed a significant Group by Condition interaction for the SCL (F(2,112) = 3.66, p=0.03, n²p = 0.061), the Subjective anxiety (F(2,113) = 6.79, p=0.002, n²p = 0.11) and the Preoccupation score (F(2,113) = 4.70, p=0.011, n²p = 0.077) suggesting that overall, the level of sustained anxiety was higher when participants performed the task alone (see Tables S5-24 -S5-34) than when performing the task in dyads.

Simon Effect

One participant had an error rate above 10% and was excluded from RTs analyses (final n = 77). Moreover, the triple interaction between Condition, Group and Congruency was found to be significant (F(1,75) = 4.81, p = 0.031, ƞ² = 0.060). To better understand this interaction, we fitted separated ANOVAs on Common and Non-Common groups respectively. In the Common group, i.e. the two members of the dyad were exposed to the same experimental context, the interaction between Congruency and Condition was not significant (F(1,39) = 0.36, p = 0.55, ƞ² = 0.009), suggesting that the Social SE was of similar size during Safe and Threat blocks (Figure 5-2A). In contrast, in the Non-Common group, i.e. the two members of the dyad were never exposed to the same experimental context, the interaction between Congruency and Condition was significant (F(1,36) = 5.58, p = 0.024, ƞ² = 0.13), suggesting that the Social SE was increased when participants were exposed to an aversive situation on their own while their partner was safe (Figure 5-2B).

Finally, when computing between-subjects' correlations separately for Common and Non-Common groups respectively, a positive and significant correlation was observed between the magnitude of the Social SE during the safety condition and the magnitude of the Social SE during the threat condition, for the Common group (r = 0.41, p = 0.008). In contrast, no correlation was observed for the Non-Common group (r = -0.12, p = 0.50) (Figure 5-2C).

Discussion

The objective of this study was to determine whether and how one of the crucial mechanisms on which cooperative behaviors rests upon (Era, Candidi, et al., 2018;Knoblich & Sebanz, 2006), i.e. the ability to integrate one's own action representations with those of others, is modified under threat. To this end, dyads of participants jointly performed the Social Simon task [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]Sebanz, Knoblich, et al., 2006) while being exposed simultaneously (Common group) or not (Non-Common group) to alternating blocks of threat-of-screams or safety [START_REF] Beaurenaut | The 'Threat of Scream'paradigm: A tool for studying sustained physiological and subjective anxiety[END_REF][START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF].

Our results are threefold. First, when two members of a dyad shared the same experimental context, the magnitude of the Social SE, used as a proxy of co-representation, was similar in safe and threat contexts. Second, when only one member of a dyad was under threat while the other was safe, the magnitude of the Social SE was significantly different between safe and threat contexts. Third, the magnitudes of Social SE in safe and threat contexts were positively correlated in dyads sharing the same experimental context. In contrast, when exposed to an aversive situation on their own while their co-performer was safe, most of the participants displayed a Social SE of high magnitude under threat, irrespective of the magnitude of their Social SE during the safe context, i.e. the magnitudes of Social SE in safe and threat contexts were not correlated. Altogether, these results suggest that self-other integration is maintained under threat and possibly boosted when participants are exposed to an aversive situation on their own while the other participant is safe.

Action co-representation is preserved under threat. When dyads of participants jointly performed the Social Simon task, the observed alter-centric interference, better known as Social SE, is regarded as an objective measure of self-other integration, typically explained by an automatic co-representation of surrounding individuals' actions [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF]. Besides replicating previous findings from experiments that used the same task [START_REF] Karlinsky | Presentation and validation of the Radboud Faces Database[END_REF] in safety context, we further show here that, when exposed to a moderate threat, the co-representation of surrounding others' actions is preserved. Alter-centric interference (Social SE) is known to be modulated by the interpersonal relationship between the members of the dyads. It is notably increased between lovers [START_REF] Quintard | The influence of passionate love on self-other discrimination during joint action[END_REF], friendly and supportive co-actors [START_REF] Hommel | How social are task representations?[END_REF] as well as in-group members [START_REF] Mcclung | Group membership affects spontaneous mental representation: failure to represent the out-group in a joint action task[END_REF]Müller, Kühn, et al., 2011) but reduced under competitive context [START_REF] Iani | The role of group membership on the modulation of joint action[END_REF][START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF], following social exclusion [START_REF] Costantini | Action co-representation and social exclusion[END_REF] or when coacting with a hostile individual [START_REF] Hommel | How social are task representations?[END_REF]. By revealing that under threat, people continue to take into account the actions of others, our findings suggest that the social bonds between the members of the dyads was maintained. They therefore dovetail nicely with converging evidence from field works [START_REF] Dezecache | Human collective reactions to threat[END_REF][START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF][START_REF] Drury | The nature of collective resilience: Survivor reactions to the 2005 London bombings[END_REF][START_REF] Fahy | Panic" and human behaviour in fire[END_REF][START_REF] Mawson | Understanding mass panic and other collective responses to threat and disaster[END_REF] , and behavioral research (e.g. [START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF][START_REF] Tomova | Acute stress alters neural patterns of value representation for others[END_REF][START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF] that show that primary reactions to anticipated or experienced threats are social and affiliative rather than asocial and/or antisocial [START_REF] Dezecache | Human collective reactions to threat[END_REF]. Here, we further suggest that affiliative tendencies under threat could be associated with the maintenance of self-other integration, an ability which could be crucial for survival by facilitating efficient action coordination [START_REF] Török | Rationality in Joint Action: Maximizing Coefficiency in Coordination[END_REF], cooperation and decisions (Schwenke, Dshemuchadse, Vesper, Bleichner, & Scherbaum, 2017;

Wahn, Czeszumski, Labusch, Kingstone, & König, 2020) with others.

Affiliative tendencies under threat were suggested to be motivated by the fact that surrounding others can provide (a) a best estimate of the individual one's own emotional state (emotional comparison motives [START_REF] Schachter | The psychology of affiliation: Experimental studies of the sources of gregariousness[END_REF]), (b) information regarding the nature of the threat (e.g., Kulik, Mahler, & Earnest, 1994), and/or (c) help reduce one's own anxiety level through comfort and mutual support (tend-and-befriends [START_REF] Taylor | Tend and befriend: Biobehavioral bases of affiliation under stress[END_REF]). While our experiment didn't aim at dissociating these different possibilities, we observed that sustained anxiety, evidenced by increases in skin conductance and in subjective anxiety ratings in threat compared to safe blocks, was lower in participants who performed the Social Simon task in dyads (for both Common and Non-Common groups) as compared to those who performed the Classical Simon task on their own (see Supplementary Materials). This implies that the mere presence of a conspecific mitigated participants' anxiety responses during threat blocks, a phenomenon label social buffering [START_REF] O'haire | Animals may act as social buffers: Skin conductance arousal in children with autism spectrum disorder in a social context[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF]. While reduced in the presence of conspecifics, anxiety responses in the members of dyads were still significantly higher during threat than safe blocks, suggesting that part of the anxiety responses to unpredictable threats is resistant to social buffering (see Kiyokawa, Kawai, & Takeuchi, 2018, for similar results in animals). These results still concur with the idea that under threat, affiliative tendencies could be partly motivated by the fact that the presence of others reduces one's own anxiety level (fear-reduction motives that benefit both members of the dyads). We further show here that affiliative tendencies and related social buffering effects are associated with the maintenance of selfother integration under threat.

Action co-representation under threat is boosted in the presence of a safe individual.

To best understand the potential incentives behind changes in action co-representation under threat, the present experimental design quantified the variation of action co-representation according to whether members of the dyads shared (Common) or not (Non-Common) the current situation of danger. Sustained anxiety was successfully induced by threat-of-scream, and importantly didn't differ between shared and non-shared situations. However, while the magnitude of the alter-centric interference (Social SE)

was similar in safe and threat contexts when two members of a dyad shared the same experimental context, it was significantly higher in threat as compared to safe contexts when only one member of a dyad was under threat while the other was safe. This result contradicts Schachter [START_REF] Schachter | The psychology of affiliation: Experimental studies of the sources of gregariousness[END_REF] pioneering work where he suggested that under condition of experimentally-induced anxiety, individuals display increased affiliative tendencies towards others perceived to be undergoing the same emotional states (similar others) rather than dissimilar-state others (replicated by [START_REF] Firestone | Anxiety, fear, and affiliation with similar-state versus dissimilar-state others: Misery sometimes loves nonmiserable company[END_REF][START_REF] Zimbardo | Emotional comparison and self-esteem as determinants of affiliation[END_REF].

What could be the function of a boost in self-other integration, i.e. an extension of social space, in participants that are facing alone a threat, while others are safe? Could it serve cooperative or altruistic motivations toward others? Several findings on peripersonal space bear similarity with those on altercentric interference observed during the Social Simon task. For instance, the boundaries between self and other peripersonal spaces also blur if the other is a cooperator but not for a competitor [START_REF] Teneggi | Social modulation of peripersonal space boundaries[END_REF]. Of interest, Hobeika et al. [START_REF] Hobeika | Social coding of the multisensory space around us[END_REF] showed that participants' peripersonal space, which corresponds to their defensive space (as measured by the detection of threatening looming stimuli), enlarged in the presence of another individual in a cooperative context. They suggested that such extension of the peripersonal space could underlie the altruistic motivation to protect and defend others, notably group members.

While this suggestion is appealing, one would somewhat expect the reverse, an extension of the peripersonal space in safe individuals toward others under threat, as in Fossataro et al. [START_REF] Fossataro | Interpersonal interactions and empathy modulate perception of threat and defensive responses[END_REF] who revealed increased defensive reactions when observing someone else in danger, as a function of participants' empathic tendency.

Another possible explanation is that self-preservative motives underlie the increased of corepresentation toward individuals that are safe, and thus potentially in a best position to help. This suggestion would concur with Rofé's utility affiliative theory [START_REF] Rofé | Stress and affiliation: A utility theory[END_REF], whereby affiliative tendencies depend on the perceived or anticipated benefit and damage of being with another to one's own ability to cope with the anxiety. Hence, the greater the probability that being with another will help coping with the anxiety by either eliminating or reducing the source of threat or by providing a sense of comfort and support (secondary motives), the stronger the tendency to affiliate. In similar vein, Taylor and Lobel [START_REF] Taylor | Social comparison activity under threat: Downward evaluation and upward contacts[END_REF] proposed that individuals seek out information and affiliation from more fortunate (upward contacts) rather than less fortunate others, and Dezecache et al. [START_REF] Dezecache | The nature and distribution of affiliative behaviour during exposure to mild threat[END_REF] indeed showed that affiliative tendencies decreased toward individuals that are the most exposed to threat. In addition, Doerrfeld et al. [START_REF] Doerrfeld | Expecting to lift a box together makes the load look lighter[END_REF] revealed that participants paired with a healthy co-actor (i.e., with high resources to help) underestimated the effort which would be necessary to perform a joint task while they overestimated it when paired with an injured partner (i.e. low resources to help). Low et al. [START_REF] Low | Visibly constraining an agent modulates observers' automatic false-belief tracking[END_REF] recently argued that perceiving physical constraints of others' movements shaped the representation of their beliefs, indicating that observer's motor system appraises other's resources to act. Interestingly here, we further observed that while the context (safety or threat) in Common dyads had little impact on the intrapersonal ability to co-represent others (positive correlation between the magnitudes of Social SE), most of the participants in the Non-Common dyads displayed a high level of co-representation under threat, irrespective of its magnitude during the safe context. Altogether, our findings show that facing alone a threat while being surrounded by safe individuals boosts the ability to integrate one's own action representations with those of others, an increase which could promote social strategies essential for one's own survival.

In defense of the social nature of the Social SE. The mechanisms underlying alter-centric interference observed during the Social Simon task and their social nature are debated (see [START_REF] Dolk | The joint Simon effect: a review and theoretical integration[END_REF] for the review). Here, we systematically adopted the action co-representation account [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF], but the Social SE could also be explained within the referential coding framework [START_REF] Dolk | The (not so) social Simon effect: a referential coding account[END_REF].

This theory suggests the presence of a co-partner provides spatial, perceptual or conceptual reference frames used by the participant to code their actions. Hence, the proponents of action co-representation account argue for the social nature of the task, while those of the referential coding account propose that any sufficiently salient event, irrespective of its social nature, can prompt an alter-centric interference. Past experiments provided several evidence that interpersonal social factors, such as social status [START_REF] Aquino | Group membership and social status modulate joint actions[END_REF], group membership [START_REF] Mcclung | Group membership affects spontaneous mental representation: failure to represent the out-group in a joint action task[END_REF] or perceived interpersonal closeness [START_REF] Shafaei | Effect of Perceived Interpersonal Closeness on the Joint Simon Effect in Adolescents and Adults[END_REF], influenced the magnitude of the alter-centric interference. Proponents of the referential coding framework suggest that the observed social effects are related to the fact that the size of the Social SE is an indicator of the similarity between self-and other-generated alternative events. Such explanation however doesn't hold for the present results of larger Social SE under threat in Non-Common dyads compared to Common dyads.

Moreover, this effect was specific to the social context. Indeed, the magnitudes of the classical Simon effect in participants performing the task on their own were of similar size in safe and threat contexts, and correlated as in the Common situation (see Figure S5-1, Tables S5-19 -S5-23). Together, we believe our results to clearly favor the social nature of the phenomenon.

Limitations. The present experiments are not without limitations. First, they were conducted in a between-subject design, which was favored in the past to investigated Social SE [START_REF] Costantini | Action co-representation and social exclusion[END_REF]Kuhbandner et al., 2010), as the social context of an experimental condition can contaminate the subsequent one due to potential long-term effects [START_REF] Chadwick | Stimulus and observer characteristics jointly determine the relevance of threatening facial expressions and their interaction with attention[END_REF][START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF]. Still, part of our results could be explained by random variations from the different sampling populations. While we can't control for all possible variables, we checked that Common and Non-Common groups didn't significantly differ in their levels of anxiety traits (LSAS, STAI-T), anxiety state (STAI-E) and induced anxiety (SCL, subjective anxiety, debriefing scores). Second, as we only tested same gender dyads, future studies are needed to generalize our results to mixed gender dyads. Third, we proposed possible explanations for larger SE in Non-Common compared to Common groups, but clearly, further experiments are needed to specifically tackle the possible mechanisms and motives behind this increase, notably the potential role of co-representation in recruiting social support.

Finally, while laboratory experiments clearly allow investigating the impact of moderate threat on socio-cognitive mechanism in controlled environments (Kinateder, Ronchi, Nilsson, et al., 2014), one may still question their validity to address behavioral responses in real life situations where individuals are at risk of death.

Conclusion

Overall, the present work strongly supports the idea that, under threat, affiliative tendencies prevail, by showing that action co-representation is maintained and possibly boosted in the presence of safe individuals. We further observed that the mere presence of a conspecific mitigated participants' anxiety responses during threat blocks. We discussed the possibility that affiliative tendencies may be sustained by self-preservative motives, but further experiments are needed before such conclusion can be firmly drawn. Despite its limitations, we think that this study is important in that real-time reactions to threatening situations are seldom observed, and the cognitive mechanisms underlying these reactions are impossible to record. This is necessary to comprehensively understand the nature and dynamics of immediate collective reactions to imminent danger in humans.

CHAPTER 6 DISTRESS OR DANGER-RELATED SOCIAL SIGNALS: WHICH

In dangerous situations, individuals perceive different information in their physical and social environment necessary for making an efficient decision. Traffic signs and emergency exits, for example, are important clues in deciding whether to flee or take shelter from threat. However, facial and bodily expressions from our conspecifics also provide relevant clues about their mental state and these influence our perception (Koizumi et al., 2016), our attentional allocation as well as our action selection [START_REF] Vilarem | Action opportunities modulate attention allocation under social threat[END_REF]. A particularly relevant cue under threat is fear emotional expression.

In this chapter, we tried to understand what types of signals are prioritized under threat. For this purpose, the fear emotional expression is a very interesting tool. Indeed, two distinct social messages can be interpreted depending on the gaze direction displayed, averted or direct: in the former case, the gaze can inform about the presence of a danger in the environment, while in the latter case, the gaze is a signal of vulnerability and affiliation addressed to the observer. The first study carried out on 85 participants brought new evidence confirming these associations between gaze direction and these two possible communicative functions.

Investigating which of these two interpretations is processed preferentially allow us to identify which message is the most relevant in a threatening situation. Thus, 32 participants performed an emotional categorization task during threat and safe blocks. Their behaviors were then fitted using techniques derived from the Signal Detection Theory. Our results showed that anxiety biases our assessment of danger cues (i.e. lower decision criterion), without impacting the processing of affiliation signals. The following chapter details a series of experiments used to investigate fear perception under threat and the possible interpretations explaining the results produced. One particular explanation would be that, under threat, processing danger-related social cues might be modified to prioritize individual's own survival.

CHAPTER 6

DISTRESS OR DANGER-RELATED SOCIAL SIGNALS: WHICH ONE IS PRIORITIZED UNDER THREAT? Introduction

Despite the common conception that our responses are fundamentally asocial and/or antisocial when faced with a collective threat, converging evidence from field work [START_REF] Dezecache | The nature and distribution of affiliative behaviour during exposure to mild threat[END_REF][START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF]Drury, Cocking, & Reicher, 2009;[START_REF] Fahy | Panic" and human behaviour in fire[END_REF][START_REF] Mawson | Understanding mass panic and other collective responses to threat and disaster[END_REF]; see review by [START_REF] Dezecache | Human collective reactions to threat[END_REF], and behavioral research [START_REF] Margittai | A friend in need: Time-dependent effects of stress on social discounting in men[END_REF][START_REF] Tomova | Acute stress alters neural patterns of value representation for others[END_REF][START_REF] Von Dawans | Effects of acute stress on social behavior in women[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF][START_REF] Dawans | The social dimension of stress reactivity: acute stress increases prosocial behavior in humans[END_REF] revealed that our social cognitive abilities are preserved (rather than shut down). Surprisingly, although exposure to threat are almost always social episodes, little is known about how stressful situations shape the way individuals process social signals emitted by surrounding others, as a function of the social meaning they convey.

When under threat collectively, socio-emotional cues become highly relevant signals. Indeed, threatening contexts not only result in internal body changes that likely are inaccessible to others (i.e.

increased sweating or heart rate), but may also be associated with facial and bodily expressions of fear (e.g. [START_REF] Anderson | Emotion in the wilds of nature: The coherence and contagion of fear during threatening group-based outdoors experiences[END_REF]. Interestingly, facial displays of fear convey different social meanings that may be further accentuated by co-emitted gaze orientation. One the one hand, fearful displays signal the presence of a potential threat for both the emitter and the observer which needs to be located and identified [START_REF] Adams | Effects of direct and averted gaze on the perception of facially communicated emotion[END_REF][START_REF] Cushing | Neurodynamics and connectivity during facial fear perception: The role of threat exposure and signal congruity[END_REF][START_REF] Im | Observer's anxiety facilitates magnocellular processing of clear facial threat cues, but impairs parvocellular processing of ambiguous facial threat cues[END_REF][START_REF] Whalen | The uncertainty of it all[END_REF]. Fearful displays enhance observers' processing of important environmental events in the visual fields, i.e. observers better discriminate expressers' gaze direction and targets in visual periphery [START_REF] Lee | Social transmission of the sensory benefits of eye widening in fear expressions[END_REF][START_REF] Phelps | Emotion facilitates perception and potentiates the perceptual benefits of attention[END_REF], and this even more when they are "pointing to a danger" with the eyes [START_REF] Bayless | Is it in the eyes? Dissociating the role of emotion and perceptual features of emotionally expressive faces in modulating orienting to eye gaze[END_REF][START_REF] Hadjikhani | Pointing with the eyes: The role of gaze in communicating danger[END_REF][START_REF] Lassalle | Fearful, surprised, happy, and angry facial expressions modulate gaze-oriented attention: Behavioral and ERP evidence[END_REF]. Fearful facial expressions are more likely to be judged as averting their gaze from the perceiver [START_REF] Lobmaier | Emotional expression modulates perceived gaze direction[END_REF]. Moreover, when associated with averted gaze, fearful displays are more efficiently processed (El Zein, Wyart, & Grèzes, 2015), better and more quickly categorized [START_REF] Adams | Perceived gaze direction and the processing of facial displays of emotion[END_REF], 2005;[START_REF] Hess | Looking at you or looking elsewhere: The influence of head orientation on the signal value of emotional facial expressions[END_REF][START_REF] Sander | Interaction effects of perceived gaze direction and dynamic facial expression: Evidence for appraisal theories of emotion[END_REF], rated as both more intense (Cristinzio, N'diaye, Seeck, [START_REF] Cristinzio | Integration of gaze direction and facial expression in patients with unilateral amygdala damage[END_REF][START_REF] N'diaye | Self-relevance processing in the human amygdala: gaze direction, facial expression, and emotion intensity[END_REF][START_REF] Sander | Interaction effects of perceived gaze direction and dynamic facial expression: Evidence for appraisal theories of emotion[END_REF] and more negative [START_REF] Ewbank | The interaction between gaze and facial expression in the amygdala and extended amygdala is modulated by anxiety[END_REF].

One the other hand, fearful displays, by enhancing facial cues of vulnerability and affiliation [START_REF] Hess | The influence of facial emotion displays, gender, and ethnicity on judgments of dominance and affiliation[END_REF][START_REF] Marsh | Why do fear and anger look the way they do? Form and social function in facial expressions[END_REF], communicate distress [START_REF] Hammer | Why do fearful facial expressions elicit behavioral approach? Evidence from a combined approach-avoidance implicit association test[END_REF]. As such, they can trigger empathetic concern and altruistic motivations in the observer [START_REF] Batson | Distress and empathy: Two qualitatively distinct vicarious emotions with different motivational consequences[END_REF][START_REF] Nichols | Mindreading and the cognitive architecture underlying altruistic motivation[END_REF], especially in participants with high prosocial personality profile [START_REF] Kaltwasser | The influence of emotion type, social value orientation and processing focus on approach-avoidance tendencies to negative dynamic facial expressions[END_REF], which can result in approach behaviors [START_REF] Vilarem | Action opportunities modulate attention allocation under social threat[END_REF].

Altogether, these results suggest that under threat, the combinations of fearful displays and gaze orientation emitted by others could provide crucial information about the presence, the nature and location of danger as well as the sources that need or can provide mutual support, but a direct assessment of how these two signals are appraised as a function of gaze orientation is lacking.

Moreover, while it has been shown that the processing of fearful faces is prioritized under threat [START_REF] Bublatzky | Contextual information resolves uncertainty about ambiguous facial emotions: Behavioral and magnetoencephalographic correlates[END_REF]Kavcioglu, Bublatzky, Pittig, & Alpers, 2019;Lago et al., 2019;[START_REF] Robinson | Anxietypotentiated amygdala-medial frontal coupling and attentional control[END_REF][START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF], the question remains as to whether the processing of one of the two social meanings conveyed by fearful displays and gaze combinations is facilitated when observers are themselves under threat.

To address these questions, we ran two experiments. The first study investigated whether the explicit appraisal of the two social meanings (signaling danger vs. signaling a need for help / distress) differ between the different combinations of fearful displays and gaze orientation. The second study investigated whether the processing of one of the two social meanings conveyed by fearful displays and gaze combinations is facilitated during a categorization task (neutral vs. fear) under safe or threatinduced anxiety contexts. We performed model-guided analyses of the behavioral data to determine whether threat contexts influence the observers' sensitivity to sensory information and/or their response bias (or criterion).

Study 1

Study 1 consisted in running an online experiment during which participants were requested to explicitly evaluate the extent to which faces, varying in emotion (neutral versus fear) and gaze direction (averted versus direct), conveyed a signal of danger and/or need for help (distress).

Methods

Participants

Eighty-four participants (54 females, 28.9 y.o. ± 9.5 SD) were recruited online. All participants had normal or corrected-to-normal vision, and had no history of neurological or psychiatric disorders. The (neutral or fearful expressions) and gaze direction (direct toward the participant or averted 45° to the left or right). Faces were modified to remove any visible hair, resized and repositioned so that eyes, nose and mouth appeared within the same circumference. All images were also converted to greyscale and cropped into a 280 x 406 pixels oval centered within a 628 x 429 pixels black rectangle.

Experimental Protocol

Participants were recruited via an online advert. On the first page of the survey (programmed on Qualtrics), participants had to confirm that they matched the inclusion criteria. Then, instructions were given. The experiment was described as a "face evaluation task". On each trial, a face was to be presented for 300ms. Participants were then requested to assess how much the presented face signaled (i) the presence of a danger and (ii) a need for help, on two separate continuous scales ranging from not at all (0) to extremely (100), the order of which was randomized between participants. To provide their answer, participants had to click on their cursor and move it on the scale before validating their response using the "shift" keypress. They were asked to answer spontaneously and to use the whole scale as much as possible. In addition, as we anticipated potential internet connection problems, participants were allowed to cancel a trial by pressing the "space" keypress if the image did not load correctly on the screen (2% of the trials ± 8% SD). Each trial ended with participant response. The next trial started after 300m (inter-trial interval). One-hundred and forty four trials were presented, corresponding to thirty-six actors with a fearful or a neutral face associated with an averted or a direct gaze (36*2*2=144 trials).

At the end of the experiment, we assessed participants' ability to discriminate neutral from fearful faces. To do so, images of 18 of the actors were presented to participants, with direct gaze. Nine actors displayed a neutral facial expression while the other nine expressed a fearful one (18 trials in total).

The 18 actors were randomly selected as well as their emotional display and both were counterbalanced across subjects. Participants were requested to indicate if the expression of the face was neutral or fearful by pressing respectively the "E" and "P" letter on their keyboard. Each trial ended with participant response, and the next trial started after 300m (inter-trial interval). As before, participants were allowed to cancel a trial by pressing the "space" key.

Statistical analyses

All statistical analyses were carried out using JASP Software (JASP Team (2017), JASP (Version 0.8.5.1)).

Participant exclusion

For each participant, we computed a quality check score (i.e. the percentage of trials where the image loaded correctly) and a categorization score (i.e. percentage of trials where the participant correctly So far, the literature suggested that emotional displays of fear are associated with two potential social meanings: they signal the presence of a potential danger in the environment and/or communicate distress and need-for-help. Here, using explicit ratings of faces, we bring evidence that the two social meanings conveyed by fearful faces are further accentuated by co-emitted gaze orientation, i.e. fearful faces with averted gaze more clearly signal the presence of a danger while fearful faces associated with direct gaze more clearly communicate distress and need for help. These results further confirm that co-Finally, after being instructed, participants took part in a 2-minute training session, before completing the main experiment for approximately 1 hour. They were debriefed at the end of the main experiment.

During the debriefing, participants were notably requested to rate how aversive the screams were and how much they felt preoccupied by the possibility that a scream would be delivered during threat blocks (from 0 -not at all to 10 -extremely).

Scream Stimuli

Eight distress screams were used in the present protocol (4 from males and 4 from females). The screams were normalized at -2b using audiosculpt 3.4.5 (http://forumnet.ircam.fr/shop/fr/forumnet/10audiosculpt.html). During both the training session and the main experiment, screams were delivered using Bose headphones (QuietComfort 25) at peak intensity below 70 dB (mean of 68 dB as measured by a sonometer). The screams were provided by Professor Armony, and had been previously validated [START_REF] Fecteau | Judgment of emotional nonlinguistic vocalizations: age-related differences[END_REF] (direct toward the participant or averted 45° to the left or right). Using Adobe Photoshop CS5.1 (Adobe Systems, San Jose CA), faces were modified to remove any visible hair, resized and repositioned so that eyes, nose and mouth appeared within the same circumference. All images were converted to greyscale and cropped into an oval aperture presented at the center of the screen. To vary the intensity of emotional expressions, faces were morphed from neutral to fearful expressions using software FantaMorph (Abrosoft). Eight levels of morphs were created from neutral (level 0) to fear (level 7) expressions using a simple linear morphing transformation (separately for direct and averted gaze stimuli, see figure 6-2). The above described morphed fearful faces were previously used in the El Zein et al. study (El Zein, Wyart, & Grezes, 2015).

Experimental design and task

The that, during threat blocks, the color bands located on both sides of the screen will be blue, and that, at any time during the block, unpredictable distress screams could be delivered through their headphones.

In contrast, they were informed that during safe blocks, both sides of the screen were to be greencolored, indicating that no scream was to be delivered. The order of threat and safe blocks was counterbalanced across participants.

The temporal organization of each block was as follows: First, the written instruction "Threat Block:

at any time, a scream can be presented" or "Safe Block: you will hear nothing during this block" was presented for 10 seconds. Second, participants performed the Emotion categorization task for about 4 min. Third, and at the end of each block, participant reported their anxiety level on a continuous scale (from 0: very calm to 100: very anxious), by moving a cursor on the screen using the mouse. The scale was presented on the computer screen and disappeared once the response was given.

The temporal organization of each trial of the Emotion categorization task was as follows: using the Psychophysics-3 Toolbox [START_REF] Brainard | The psychophysics toolbox[END_REF][START_REF] Pelli | The VideoToolbox software for visual psychophysics: Transforming numbers into movies[END_REF], stimuli were projected on a black screen. Each trial was initiated with a white oval delimiting the faces that remained throughout the trial. The white oval appeared for approximately 500ms, followed by a white fixation point presented at eye level for approximately 1000ms (to ensure a natural fixation to upcoming faces and avoid eye movements from the center of the oval to eye regions). Then, the morphed face was displayed for 250ms. After face offset, participants were asked to report (2s maximum after face offset) if the face was neutral or fearful. They provided their response by pressing the left "Control" or "Enter" key, localized on an external keyboard, using their left or right index correspondingly (see Figure 6-3). A neutral/fear mapping was used (2 possible mapping) and kept constant for each subject, counterbalanced across subjects.

A training session was performed before the main experiment to familiarize participants with the emotion categorization task, the structure of the experiment (the alternation of safe and threat blocks and their associated screen side colors) and the screams. Participants were trained on 2 blocks, one safe and one threat, each consisting of 32 trials. During the threat blocks, 2 distress screams (one male and one female) were delivered once during two randomly chosen trials from among the 32 (approximately 6% of the trials). Note that the two screams used for the training were different from the 6 screams used during the main experiment.

Participants then performed the main experiment, divided into 12 experimental blocks (6 threat blocks, 

Statistical analyses

All statistical analyses were carried out using JASP Software (JASP Team (2017), JASP (Version 0.8.5.1)).

First, to assess the efficiency of the threat-of-scream procedure, we ran a two-way repeated-measure To take into-account inter-individual variability, sensitivity (𝝎) and bias (𝑏) parameters were estimated for each participant. The four models were fitted independently for Safe and Threat Contexts.

We used Bayesian fixed-effect model selection that assume that all participants used the same underlying model to generate their behavior. We calculated the Bayesian information criterion (BIC)

for each candidate models to determine which of the four models was more likely to explain the observed data [START_REF] Burnham | Multimodel inference: understanding AIC and BIC in model selection[END_REF]Kass & Raftery, 1995).

As parameters of each model were computed independently for each context, two different scenarios could emerge after model selection: on the one hand, model selection could identify different best models for Safe and Threats contexts, which would indicate that different mechanisms were at play during those two contexts; on the other hand, model selection could identify the same model for Safe and Threats contexts. In the latter case, one could still hypothesize that the underlying mechanism could be modulated differently according to Safe and Threat contexts. To find out, and depending on the best models, we planned to run either a repeated measures ANOVA with gaze direction (direct/averted) and context (safe/threat) as within-subject factors or two-tailed paired t-tests on extracted parameters.

Finally, as the literature describes that fearful faces elicit higher approach-tendencies in population with high prosocial temperament, we checked if Social Orientation Value (used as an index of individual attitudes of cooperation) could explain part of the variance in our measures of interest 

Reaction Times

The ANOVA revealed a main effect of Intensity (F(7,203) = 25.25, pcorr < 0.001, GG-ε = 0.36, ƞ²p = 0.47) related to the fact that participants got better as emotion evidence got stronger. The main effect of Gaze was also significant (F(1,29) = 8.23, p = 0.007, ƞ²p = 0.22), as participant were slower to provide their responses for faces associated with an averted gaze as compared to a direct gaze. These two main effects were further characterized by an interaction between Gaze and Intensity (F(7,203) = 5.27, pcorr < 0.001, GG-ε = 0.52, ƞ²p = 0.15), the difference in RTs between averted and direct gaze was stronger for weak emotion evidence. While no main effect of Condition was found significant 

Influence of Trait anxiety on false alarm detection

The ANOVA performed on the proportion of fear responses when the faces conveyed no evidence for fear (neutral faces) revealed a main effect of Gaze (F(1,28) = 10.40, p = 0.003, ƞ²p = 0.27) as the number of false alarms was higher for neutral faces associated with averted as compared to direct gaze.

A significant interaction between Condition and Anxiety Trait was found (F(1,28) = 6.019, p = 0.021, ƞ²p = 0.17 

Mechanisms underlying increased recognition of danger-related cues

Bayesian fixed-effect model selection (Bayesian Information Criterion, see The ANOVA on decision bias parameters (see figure 6-4B) revealed that this bias was significantly different between faces associated with averted and direct gaze (main effect of Gaze: F(1,29) = 20.92, p < .001, η²p = 0.42), such that less evidence was required to answer fear for faces associated with averted gaze. While no main effect of Condition was observed (F(1,29) = 0.28, p = 0.60, η²p = 0.010), the interaction between Gaze and Condition was significant (F(1,29) = 5.88, p = 0.022, η²p = 0.17 Influence of prosocial predisposition on the categorization task.

To evaluate if a prosocial temperament could explain part of the variance in our measures of interest (proportion of fear response, RT, model parameters), we re-ran the above-described analyses with the scores of the SVO questionnaire as co-variable. No significant interaction were observed (all the ps > 0.33, see Tables S6-16 -S6-18).

Discussion study 2

We investigated how the experience of threat impacts the perception of fearful facial displays, a relevant social stimulus under threat. As mentioned above, fearful display can simultaneously convey the presence of danger in the environment and a need-for-help or social support signal, with gaze direction playing an important role in the arbitration between the two interpretations. Our results

showed that, when participants are themselves under threat, faces associated with averted gaze are more often categorized as expressing fear, as compared to safe blocks. Threat context however does not affect participants' categorization of faces with direct gaze. Model-based analyses of the behavioral data revealed that in both threat and safe contexts, averted gaze direction bias the interpretation of facial expressions (whether neutral or fearful) in favor of the fear responses rather than increasing the perceptual sensitivity to the facial features diagnostic of fear, a shift of the decision criterion that was enhanced under threat. Altogether, our results suggest that under threat, participants are more prone to interpret facial displays as fear when associated with an averted gaze.

General discussion

When collectively exposed to a threat, the social signals emitted by surrounding others become highly relevant signals. Their facial expressions of fear and associated gaze orientation can notably provide crucial information about the presence and location of danger as well as of the social sources that need or can provide mutual support. Here, we assessed whether the processing of one of the two social meanings conveyed by fearful displays and gaze combinations is facilitated when observers are themselves under threat. Our results are twofold. First, participants appraised explicitly fearful faces with averted gaze as more clearly signaling the presence of a danger and fearful faces with direct gaze as more clearly communicating distress and need for help. Second, we reveal that participants interpreted facial expressions as expressing fear when associated with averted gaze, a bias which was found to be enhanced when they were in a sustained state of anxiety (under threat) as compared to in a safe state. Altogether, our findings indicate that threat enhances the processing of social signals conveying information about the presence and location of the danger, i.e. the combinations of fearful facial displays and averted gaze.

In both safe and threat contexts, participants displayed a bias to categorize faces with averted gaze as fearful. One explanation for this facilitated processing of averted-gaze fear combinations rests upon the shared signal hypothesis according to which emotion and eye gaze behavior are associated with behavioral motivational orientations to approach or avoid [START_REF] Adams | Perceived gaze direction and the processing of facial displays of emotion[END_REF], 2005). Within this framework, fear and averted gaze are suggested to be both avoidance oriented, whereas direct gaze is approach oriented. When participants are requested to judge emotional expressions, they are more likely to judge it in a manner that is congruent with the behavioral motivational orientation associated with the perceived gaze direction (and vice versa when requested to judge the gaze directione.g. [START_REF] Lobmaier | Emotional expression modulates perceived gaze direction[END_REF]. According to Adams et al. [START_REF] Adams | Amygdala responses to averted vs direct gaze fear vary as a function of presentation speed[END_REF], fearful displays signal that emitters have perceived a danger in their surrounding environment: when coupled with averted gaze, fearful displays provide clear information about the location of the threat, whereas when coupled with direct gaze, the conveyed signal is ambiguous as the emitter could be signaling a danger or a need for help [START_REF] Im | Observer's anxiety facilitates magnocellular processing of clear facial threat cues, but impairs parvocellular processing of ambiguous facial threat cues[END_REF]. This could explain why averted-gaze fear combinations are rated as more intense [START_REF] Cristinzio | Integration of gaze direction and facial expression in patients with unilateral amygdala damage[END_REF][START_REF] N'diaye | Self-relevance processing in the human amygdala: gaze direction, facial expression, and emotion intensity[END_REF][START_REF] Sander | Interaction effects of perceived gaze direction and dynamic facial expression: Evidence for appraisal theories of emotion[END_REF] and negative [START_REF] Ewbank | The interaction between gaze and facial expression in the amygdala and extended amygdala is modulated by anxiety[END_REF], and perceived to signal greater danger than fear with direct gaze (present Study 1).

To our knowledge, the present study is the first to investigate how fearful faces are processed under threat contexts depending of gaze orientation. Here, participants' bias to categorize faces with averted gaze as fearful was enhanced in threat as compared to safe context, without impacting on the categorization of faces with direct gaze. Previous studies that explored how fearful faces are processed under threat exclusively used faces displaying direct gaze. They show that sustained anxiety, induced using the threat-of-shock paradigm, prompts faster identification [START_REF] Robinson | The adaptive threat bias in anxiety: amygdala-dorsomedial prefrontal cortex coupling and aversive amplification[END_REF], enhanced the processing of [START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF], the attentional capture by (Lago et al., 2019;[START_REF] Robinson | Anxietypotentiated amygdala-medial frontal coupling and attentional control[END_REF][START_REF] Robinson | The effect of induced anxiety on cognition: threat of shock enhances aversive processing in healthy individuals[END_REF] and the defensive mobilization to fearful faces (indexed by fear-startle reflex, [START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF]. Bublatzky and colleagues [START_REF] Bublatzky | Contextual information resolves uncertainty about ambiguous facial emotions: Behavioral and magnetoencephalographic correlates[END_REF]Kavcioglu et al., 2019) recently revealed that participants were biased to categorize faces as fearful in threat contexts (but not for other emotions, such as happy or angry faces). Similar findings were observed in children using the Trier Social stress test [START_REF] Chen | Effects of acute social stress on emotion processing in children[END_REF]. Here however, by contrasting fearful faces with both averted and direct gaze, we provide evidence that participants' bias only applied to averted faces. This finding suggest that threat biases the processing of social cues towards those that are perceived to signal greater danger and/or provide information about the location of the danger.

By inducing sustained anxiety in participants, both the threat-of-shock (above-mentioned) and threatof-screams paradigms appear to be efficient tools to reproduce threat-related biases observed in trait anxious individuals. Indeed, there are considerable evidence that individuals with high levels of anxiety show biased processing of threatening information [START_REF] Bar-Haim | Threat-related attentional bias in anxious and nonanxious individuals: a meta-analytic study[END_REF][START_REF] Hu | Trait anxiety impacts the perceived gaze direction of fearful but not angry faces[END_REF][START_REF] March | In harm's way: On preferential response to threatening stimuli[END_REF][START_REF] White | Using decision models to decompose anxiety-related bias in threat classification[END_REF]. Moreover, high trait-anxious individuals may be particularly sensitive to threat contexts, as they more frequently erroneously categorized neutral faces as fearful in threat compared to safe blocks (Kavcioglu et al., 2019, present experiment).

Differential threat processing observed in anxiety were suggested to be potentially driven by multiple cognitive biases: a bias in prior expectation for the likelihood of threat occurrence, a bias (weaker criterion) in stimulus evaluation and a bias in selective attention (e.g. [START_REF] Mogg | Anxiety and orienting of gaze to angry and fearful faces[END_REF][START_REF] White | Using decision models to decompose anxiety-related bias in threat classification[END_REF]. Among the past studies that investigated the impact of anxiety on gaze-emotion processing, it has been observed that high trait-anxious participants are more likely judged the gaze direction of fearful faces as looking away [START_REF] Hu | Trait anxiety impacts the perceived gaze direction of fearful but not angry faces[END_REF] and show an enhanced orienting to the eye gaze of faces with fearful expressions relative to other expressions (neutral, happy, anger, see [START_REF] Fox | Anxiety and sensitivity to gaze direction in emotionally expressive faces[END_REF]. The findings, in association with the known difficulty of high traitanxious individuals in disengaging attention from fearful faces [START_REF] Leleu | Difficulty in disengaging attention from threatening facial expressions in anxiety: a new approach in terms of benefits[END_REF], could provide a potential explanation for the present slower reaction times to categorize faces with averted as compared to direct gaze under threat-induced anxiety contexts.

While our model-based analysis clearly show that threat contexts lead to a weaker criterion in stimulus evaluation for faces with averted gaze, we believe that our specific findings for averted gaze cannot be explain by an expectation bias that the fear response was more likely to be correct. The present weaker criterion in stimulus evaluation for faces with averted gaze is consistent with results from our first study, i.e. participants' explicitly appraisal of faces (fearful and neutral) with averted gaze as more clearly signaling the presence of a danger, yet, future studies are needed to assess whether these two measures are correlated within the same group of participants. Interestingly, rapid presentation of the faces (<300ms) is associated with facilitated processing of averted-gaze fear combinations within the magnocellular pathway while longer presentation (>800ms) is associated with facilitated processing of direct-gaze fear combinations within the slower parvocellular pathway [START_REF] Adams | Differential magnocellular versus parvocellular pathway contributions to the combinatorial processing of facial threat[END_REF][START_REF] Adams | Amygdala responses to averted vs direct gaze fear vary as a function of presentation speed[END_REF][START_REF] Cushing | Neurodynamics and connectivity during facial fear perception: The role of threat exposure and signal congruity[END_REF]. Moreover, the same team [START_REF] Im | Observer's anxiety facilitates magnocellular processing of clear facial threat cues, but impairs parvocellular processing of ambiguous facial threat cues[END_REF] recently revealed that anxiety trait enhances fast magnocellular processing of averted-gaze fear combinations while disrupting parvocellular processing of direct-gaze fear combinations. These results suggest that both the chosen time of presentation (250 ms) and the anxiety manipulation could lead to the prioritized processing of fearful faces with averted gaze that convey a clear signal of danger. Distress signals may only be processed once the nature and the location of the danger has been identified.

Conclusion

Although exposure to threat are almost always social episodes, little is known about how social and stressful situations shape the way individuals process social signals emitted by surrounding others, as a function of the social meaning they convey. Our research not only shows that fearful facial display's message (danger vs. support offer or recruitment) depends on gaze orientation, but also that the perception of averted facial display as fearful is increased when the perceiver is herself experiencing a threat. Future studies should more carefully assess the affective state of the participants when examining emotional facial perception.

proposition. In addition, social cues associated with distress signals conveyed by others seemed to be processed similarly in threat and in safe contexts. Altogether, this dissertation supports the idea that social cognition is rather transformed than shut down under threat. We speculate that one possible function of social strategies under threat may be to serve self-preservative motives, as described in the haunted house study led by [START_REF] Dezecache | The nature and distribution of affiliative behaviour during exposure to mild threat[END_REF], even if more direct evidence is needed to clearly identify the role of social cognition under threat.

2-

The threat-of-scream paradigm: a relevant tool to induce anxiety

In the context of this thesis, we wanted to focus on individuals' behavior in threatening situations, i.e.

measuring the modulation of socio-cognitive functions during time-periods in which participants were exposed to danger compared to time-periods in which they felt safe. Research on the anticipation of electric shock showed that under threat, the body (through physiological manifestation [START_REF] Bradley | Startle reflex modulation during threat of shock and "threat" of reward[END_REF]) and our cognitive system (i.e. attention, detection (Balderston et al., 2017)) prepare themselves to react quickly (i.e. behavioral mobilization for urgent situation to avoid specifically aversive stimuli [START_REF] Grillon | In the face of fear: anxiety sensitizes defensive responses to fearful faces[END_REF][START_REF] Mkrtchian | Threat of Shock and Aversive Inhibition : Induced Anxiety Modulates Pavlovian-Instrumental Interactions[END_REF][START_REF] Sarigiannidis | Anxiety makes time pass quicker while fear has no effect[END_REF]). The threat-of-shock paradigm (Robinson et al., 2013) seemed to be the most relevant starting point. As explained in Chapter 4, we worked with low acoustical intensity (instead of electric shocks or loud sound [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]Robinson et al., 2013) to ensure that it did not present any risk to the participants. Indeed, it is difficult to evaluate the acoustic sensitivity of each participant and to identify if they have already been exposed to loud sound during the last 24 hours. Our threat-of-scream validation offers two original controls. First, about screams intensity: screams would be more suitable for long experimental designs than electric shocks but they induce anxiety at lower intensities.

Moreover, the screams we presented were between 10 and 35 dB below the sound level usually used in the literature, which could lead to significant differences in results. Second, we propose to check whether the induced anxiety is long lasting (i.e. one hour).

2.1-Validation of the Threat-of-Scream paradigm: from 60 to 200 participants

In Chapter 4, we described the validation of this methodological tool through two groups of approximately 30 participants: it is able of inducing an emotional episode which takes the form of a prolonged activation of the autonomic nervous system (without statistical reduction over time) and an increase in subjective anxiety (which seems to decrease slightly over time). The anxiety scores obtained after the publication of the Threat-of-Scream validation may help us to confirm the validity of this tool as well as its limitations. Throughout three studies, 207 participants performed a cognitive task mixed with a Threat-of-Scream procedure. These participants can be divided into two groups.

Firstly, 127 out of 207 performed it by being alone in the room, either doing an action-decision task in the presence of emotional expression (fear/anger), a Simon task, or doing a categorization task of fear emotion. Out of these 127 participants, skin conductance level (SCL) has been measured on 97 of them, while subjective reports of anxiety, preoccupation and aversiveness scores were collected from all participants. Descriptively, 81% of them reported being more anxious in threat blocks than in the safety ones and 82% of them showed more electrodermal activity in threat relative to safe blocks.

There was a small but significant positive inter-individual correlation between the two variables (r=0.33, p <0.01). No effect of time on skin conductance activity was observed in the different studies.

Nevertheless, an habituation trend on subjective reports was observed in a first one-hour study, significant in a second one-hour study but not significant in a third one-hour and on a thirty-minute study. Finally participants described screams as moderately aversive (median of 4 out of a scale of up to 10) but reported being particularly preoccupied by the possibility that a scream would be delivered during threat blocks (median of 6).

Then, 78 participants carried out a Social Simon task in which they had to share the experimental box with a second participant. The electrodermal activity was recorded on 77 of them and once again the subjective reports of anxiety, preoccupation and aversiveness scores related to scream delivery were collected from all the participants. As described in Chapter 5, a phenomenon akin to social buffering was observed. When two subjects were in the same room, only 69% of them showed more electrodermal activity in threat relative to safe blocks, even if 76% of them reported being more stressed in threat compared to safe blocks. Consistently, even if paired participants rated the aversiveness of screams similarly to single participants (median of 4), the latter reported being less concerned about the possibility that a scream would be delivered (median of 4).

Taken together, these results suggest that this paradigm is effective for inducing anxiety in participants, which is characterized by: (i) an over-activation of the autonomic nervous system (SCL) that appears to be stable over time and (ii) a subjective experience reported as moderately negative but potentially prone to habituation. Furthermore, the observed social buffering effect induced by the presence of a social partner can be identified as piece of evidence (perhaps more indirect) of the induction of a state of anxiety that has been attenuated.

Also, even though anxiety induction by electric shocks has been used to investigate many cognitive functions, the use of sound has only been tested on two cognitive functions: verbal working memory [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF] and cognitive control in response to emotional stimuli [START_REF] Cohen | When Is an Adolescent an Adult? Assessing Cognitive Control in Emotional and Nonemotional Contexts[END_REF].

Moreover, several studies suggest that sympathetic activation induced by acoustic stimuli is weaker than the activation induced by shocks (Ferry & Nelson, 2020.;[START_REF] Glenn | Comparing electric shock and a fearful screaming face as unconditioned stimuli for fear learning[END_REF].

One of the main reasons is that, while electric shocks represent a real threat to physical integrity, sound is a more indirect threat because it signals the presence of danger rather than being a danger itself, probably by possessing features that are been selected to maximize aversiveness (via sound roughness) to our auditory system [START_REF] Arnal | Human Screams Occupy a Privileged Niche in the Communication Soundscape[END_REF].

Moreover, the sounds we presented were of lower intensity than those used in previous studies. We wondered whether the level of anxiety induced by distress screams would be sufficient to induce behavioral changes (i.e. modulate cognitive functions). Randomly presented at 70dB, the distress screams proved to be effective in modulating co-representation: in fact, it depended on whether the participant shared the same emotional state as his or her partner or not. Moreover, we were able to replicate several results obtained by the team of Bubkatzky et al. (Kavcioglu et al., 2019;[START_REF] Schellhaas | Contextual source information modulates neural face processing in the absence of conscious recognition: A threat-of-shock study[END_REF] that used electric shocks: an increased bias in identifying faces of fear, an increase in false alarms in individuals with anxious temperaments when they are in threat blocks as well as an absence of threat effect in face storage (see Appendix). All these results indicate that the induced level of anxiety was high enough to modify participants' behaviors, as much as when an electric shock was used. We thus recommend inducing anxiety with low-intensity screams instead of electric shocks (which may be particularly useful for developmental studies).

2.2-Limitations of the Threat-of-Scream paradigm

As discussed in the Chapter 4, one of the empirical limitations of this method is that it may not be influenced by participants' predisposition to anxiety. Under threat-of-shock paradigm, very few studies reported having included self-reporting scores in their analyses. Under the Threat-of-Scream paradigm, the study led by Patel et al. [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF] showed a variation of the startle reflex when splitting participants into high versus low anxiety group using responses at the STAI-Trait auto-questionnaire.

In the studies reported in this dissertation, participants systematically completed a series of questionnaires assessing their predisposition to anxiety: STAI-T (all studies), Liebowitz Social Anxiety Scale (LSAS, studies 2 and 3) and Intolerance of Uncertainty Scale (IUS, study 3).

Nevertheless, as already mentioned in the Chapter 4 discussion, our studies separately included cohorts that were probably too small to identify inter-individual differences.

However, we obtained STAI-T Scores for 207 participants, 176 of them having analyzable electrodermal response. We checked whether, when grouping all our participants together, interindividual variability in trait anxiety could explain the sensitivity to our anxiety manipulation. To do so, we performed linear regressions including anxiety trait, duration of experiment and presence of a co-partner, and we modeled separately the skin conductance level and subjective reports of anxiety (see Table 7-1). We observed that anxiety trait does not explain the variance of our two variables of interest (SCL and subjective reports), while co-presence explains both variables. The time factor seems to be important for modelling subjective responses, but not physiological ones. Overall, these linear models seem to confirm the absence of an anxiety trait effect, the presence of social buffering when the experiment is shared, and a subjective (but not physiological) habituation of participants to the procedure.

To conclude, this absence of anxiety trait effect does not seem to be explained by the size of our cohorts. This lack of effect can be explained by: first, the non-inclusion of individuals with a score at the STAI-T above 60 eliminates the most anxious participants and therefore perhaps the most sensitive to our manipulation; second, the generation of an anxiety episode may be sensitive only to certain components of anxiety temperament. New studies using the Threat-of-Scream paradigm should keep including LSAS and IUS questionnaires to investigate whether other sub-components of anxiety trait promote our anxiety induction. 

STAI-Trait

2.3-Future directions for the Threat-of-Scream paradigm

Future directions can be proposed to pursue the validation of the threat-of-scream procedure. First, if some aspects indicate that anxiety induction using distress screams seems to be comparable to electric shock induction, more direct evidence must be provided. In the same way that shocks and screams have been compared for the NPU paradigm (Ferry & Nelson, 2020), investigating these two anxiety methods in a within-subject design could be a relevant way to compare them. Furthermore, the literature on experimental anxiety usually records the startle reflex (instead of the SCL) since it is a more accurate marker for measuring anxiety. Replication with this biomarker can be expected. Also, Aylward and Robinson (Aylward & Robinson, 2017) recently proposed the Sustained Attention to

Response Task (SART) as an interesting methodological tool to provide a non-subjective measure to evaluate the generated anxiety. They showed that the random presentation of electric shocks can reliably modify participants' responses by improving their detection rate of distracting stimuli and by slowing down reactions to target stimuli as previously described in the literature. But more importantly, this effect is consistent through the test and retest of participants several times over the following months. Insofar as Aylward and Robinson's code is accessible online, we consider verifying whether such consistent results can be obtained with our distress screams.

3-Social cognition and defensive reactions under threat

During this dissertation, we try to propose a motivational framework to predict social actions that take place in situations of danger (such as those observed during Bataclan Paris attacks). Based on these observed behaviors, two presuppositions can be made: (i) the mechanisms essential to social interactions, such as the perception of socio-emotional signals and the coordination of action, are still at work under threat and (ii) that the function of these mechanisms may first favor the detection of individuals who can provide social or physical support and then facilitate the implementation of collective action with them. A corollary of such assumptions is that social actions only take place if it is the best strategy to adopt in a given context. In this chapter, we will first discuss (cautiously) how the results obtained support these presuppositions and how they might be aligned with the currently proposed taxonomy of defensive responses under threat.

3.1-Social Cognition is not shut down under threat

The results obtained in our studies are in favor of a maintained capacity to handle social stimuli in threatening situation. Firstly, when participants performed a task in pairs compared to when they are alone, the anxiety markers we measured decreased (subjective anxiety reports, preoccupation score due to the possibility that a scream will appear and skin conductance level). This suggests that sharing a threat context influences (i) our subjective experience of stress and (ii) our body's readiness to respond to danger. Based on Central Fear Generator model [START_REF] Fanselow | A return to the psychiatric dark ages with a two-system framework for fear[END_REF], physiological and subjective stress are coupled with the behavioral response elicited by an emotion episode. Of interest, the review of the literature carried out in Chapter 2 highlighted a strong relationship between (i) anxiety level and perception, (ii) anxiety level and value attribution to contextual clues and (iii) anxiety level and decision making/action choices. Consequently, it is very likely that the presence of others will impact the type or the intensity of our defensive reaction4 .

Moreover, the results we have obtained show first of all that the action plans of others are still taken into consideration in a threatening situation. Indeed, if we assume that the Social Simon Effect is a marker of co-representation, this mechanism does not seem to be interrupted when we feel threatened.

To our knowledge, this is the first study investigating the cognitive processes involved in joint actions in a sustained anxiety context. Our results suggest that individuals may predispose the cognitive resources necessary to initiate collective actions when a danger occurs. In line with the field studies, our results support the credibility of the disaster survivors' testimonies describing cooperative actions (leg-up or moving furniture), since the mechanisms necessary for these actions would be preserved.

Second, similar to several studies reviewed in Chapter 2, the processing of social signals from others is also active in threatening situations. As a result, it is very likely that the cues communicated by our social partners will be taken into account to influence our action choices in situations of danger. To conclude on this first part, these results suggest the presence of others to play an important role in the way of behaving in threatening situations. Indeed, the presence of others can influence our anxiety level, be an important source of information and be at the origin of behavioral outcomes that cannot be achieved alone (i.e. leg-up).

3.2-Co-representation: an opportunity to recruit social support?

The study carried out by [START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF] pointed out that social action (i.e.

performed with a social partner) could be planned for a wide variety of reasons: individual motives to ensure one's own survival, cooperatively for mutual benefit or in a totally altruistic way. Moreover, the implementation of these strategies appear to depend on the cost of these actions (i.e. being injured)

or on the possibility of planning another strategy associated with a higher probability of survival. On the basis of these findings, we investigated reactions, particularly collective ones, within a motivational research framework, i.e. how mechanisms are modulated according to the cues' value (i.e. their instrumentalities) present in the environment.

As a first step, we investigated how our ability to integrate others' action plans into our own action plans is influenced by the presence of a social partner being threatened at the same time as us or not.

Our results showed that co-representation (measured by the magnitude of the Social Simon effect) is particularly increased in a situation of threat when we are in the presence of a safe social partner. The co-representation mechanism seems to be sensitive to contextual variations in a situation of threat, as it has been observed in everyday situation [START_REF] Iani | The carry-over effect of competition in tasksharing: Evidence from the joint Simon task[END_REF][START_REF] Ruys | When competition merges people's behavior: Interdependency activates shared action representations[END_REF]. It is therefore appropriate to explore which ones influence this mechanism. We interpreted the increase of corepresentation as the result of the presence of a social partner with resources to provide assistance. This is in line with the view that our cognition aligns with that of individuals who can help us in a threatening situation. Interestingly, co-representation is not increased when individuals are safe but in the presence of a threatened co-partner. This result gives particular weight to the interpretation that corepresentation function may be to recruit social support since individuals with potential resources to help do not integrate others' representations to a greater extent. Under threat, our cognition may be oriented toward other for self-preservatives motives.

However, the interpretation that safe co-partners represents an available resource of social support remains speculative as different criticisms can be made. The first is that the Social Simon Task consists of two independent sub-tasks for each participant. The performance of one player does not influence the performance of the other and does not influence the probability of receiving a scream. Furthermore, participants were forbidden to communicate with each other. As a result, our experimental setting did not allow any form of assistance between participants. Based on that, it is very unlikely that participants believed they can receive assistance during the experimental session. Nevertheless, many effects in social cognition are based on beliefs that can be very easily induced. For example, presenting an image of a gaze is sufficient to induce a belief of being observed and to impact many cognitive functions [START_REF] Conty | The cost of being watched: Stroop interference increases under concomitant eye contact[END_REF][START_REF] Haley | Nobody's watching?: Subtle cues affect generosity in an anonymous economic game[END_REF][START_REF] Hazem | Social contact enhances bodily selfawareness[END_REF][START_REF] Hazem | I know you can see me: Social attention influences bodily self-awareness[END_REF]. This belief of receiving help from a safety partner is for us the most possible interpretation of our data. However, while fear and gaze combinations were assessed online in order to associate them with a particular social message (danger or affiliation), we had no explicit verbal clues from participants about how supportive their safe partner is perceived. Future research should help to confirm this interpretation.

3.3-Is minimal safety required to perform collective action under threat?

The field literature repeatedly emphasized that the riskier the situation, the less social the strategy is reported. The maintenance of social norms declines when survival rates are low [START_REF] Frey | Interaction of natural survival instincts and internalized social norms exploring the Titanic and Lusitania disasters[END_REF] and the number of supportive behaviors decrease if the risk of being injured or the probability to reach safety by escaping are high [START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF][START_REF] Vieira | Help or flight? Increased threat imminence promotes defensive helping in humans[END_REF].

Consistently, laboratory experiments showed evidence that participants' choices are highly driven by risk-aversion mechanisms [START_REF] Mkrtchian | Threat of Shock and Aversive Inhibition : Induced Anxiety Modulates Pavlovian-Instrumental Interactions[END_REF][START_REF] Robinson | The impact of stress on financial decisionmaking varies as a function of depression and anxiety symptoms[END_REF][START_REF] Robinson | Stress increases aversive prediction error signal in the ventral striatum[END_REF]. The main conclusion that can be drawn is that collective action is not a 'by default option' as it is preferred only when a minimal sense of safety is met.

The results of our categorization task may be in favor of this hypothesis. We observed that, under threat, anxiety did not modulate the perception of direct fearful face (predominantly associated with a need for help/affiliation social message). On the contrary, participants' behavior revealed that, under threat, the decision criterion to detect fear is lowered when faces are associated with an averted gaze (predominantly assessed as a danger-related signal). In this experimental context, the source of danger is never provided to participants. One potential explanation of those results is that, to behave in an adaptive way and to reach safety, it is important to identify where the source of threat is. Fearful face with an averted gaze can be particularly relevant as it provides information on threat localization [START_REF] Hadjikhani | Pointing with the eyes: The role of gaze in communicating danger[END_REF]. Our results may suggest that when they threatened, participants prioritize social cues that provide information about the source of threat; i.e. impact our appraisal of socioemotional cues to meet a minimal sense of safety (i.e. secure our own survival in a first step). However, this remains speculative and further investigations are needed to confirm the role of the prioritization of danger-related cues.

3.4-Statistical limitations of our interpretations

Caution should be exercised with some of the interpretations proposed above as statistical limitations can be identified in this work. The literature detailed in the theoretical part of this dissertation seems to strongly suggest that social cognition would be at a minimum maintained, even boosted to potentially set up collective actions. The literature led us to two main hypotheses:

1) the mechanisms investigated could be intact (Hypothesis 0, our natural socio-cognitive capacities would remain the same),

2) the mechanisms investigated could be increased (Alternative Hypothesis H1, others would be particularly salient in threatening situations).

According to our operational hypotheses, they assumed that the non-rejection of H0 would be informative (i.e. to discuss and conclude on non-significant p-value). It is important to keep in mind that a non-significant test does not allow us to formally conclude that there is no difference, even if this hypothesis is one of the possible ones. Our two interpretations "co-representation is maintained" (i.e. no difference of co-representation when threat is shared by both participants) and "affiliation signals are similarly processed" (i.e. no impact of threat on direct fearful face detection) under threat can't be totally conclusive. We are aware of this limitation. Bayesian statistics are programmed in order to better interpret our results.

3.5-Sociality in the taxonomy of defensive reactions

Studies described in this manuscript have only been able to investigate two mechanisms and their modulation under threat, and only in presence of a single contextual factor (shared threat or gaze direction). While these results feed our understanding of sociality in situations of danger, the level of whether the transitions between these two states (post-encounter/circa-strike) were involved or even necessary in the emergence of the effects found in our studies or not. Regarding safe blocks, it could either put participants in a safe state (i.e. as close as possible to everyday social cognition), or either in an intermediate state (i.e. pre-encounter where threat is not present but the probability of encountering it in the near future is high). This second proposition is plausible insofar as the safe blocks precede a future threat block.

Our results showed that the Threat-of-Scream paradigm effectively induced an anxiety episode. The literature defends this state induces a hypervigilance phenomenon which should favor risk-assessment behaviors [START_REF] Blanchard | Diazepam changes risk assessment in an anxiety/defense test battery[END_REF]. Detecting salient signals in the environment would then be possible. According to our data and the observations/testimonies of disaster survivors, our social partners would play an important role in threatening situations. We propose that the detection of conspecifics under threat would generate three possible reactions. The first would be a decrease in our stress response through social buffering. This phenomenon would consequently reduce our perception of threat intensity. This reduction in intensity would, in turn, influence human potential behavioral outcomes. Second, the social signals conveyed by others can provide information on the ongoing threat: for example, fearful faces we studied in Chapter 6 provide information on both threat intensity (through the emotional intensity displayed) and its position (communicated by gaze direction). This information would allow individuals to disambiguate the context in order to maximize its survival. Following this, a strategy can be put in place: either individual or collective.

The safety hints present in the environment could help to disentangle between these two main types of strategies. If the assumption we made based on Dezecache et al's studies (2017Dezecache et al's studies ( , 2020) ) are correct, the presence, for example, of an easily accessible emergency exit should favor individual strategies (i.e.

to flee). Conversely, the availability of social partners who can be helpful in restoring our homeostasis (i.e. either by reducing our anxiety or by helping us to escape the threatening situation) should favor collective strategies. This would manifest through the organization of collective actions, which requires co-representation of our social partners (as long as a minimal sense of safety is met). These actions could ensure group escape (i.e. leg-up) or the implementation of collective attacks (as observed in ethology studies [START_REF] Caro | Antipredator defenses in birds and mammals[END_REF]).

This proposal offers meaningful links between the different key parameters from the models of individual reaction to threat (i.e. ambiguity, threat intensity, temporal distance to threat) and those resulting from the investigation of sociality in threat situations that we have defended (social buffering, social cues, instrumental cues, collective action/co-representation). Although it undoubtedly remains speculative, it encourages interdisciplinarity by imagining bridges between the findings of neurosciences, cognitive psychology, ethology and the social sciences. 

4-Perspectives and future directions

In order to keep understanding how social cognition is modified in threatening situations, several directions can be undertaken. Here, we propose five future directions to complement the studies we have conducted. Firstly, we will propose solutions to confirm our interpretation about the modulation of the Social Simon effect under threat. Secondly, it is possible to pursue the investigation of the selfother balance in threatening situations by studying other phenomena of co-representation. Then, in order to predict all social behaviors in threat contexts, it is essential to vary the experimental parameters that allow us to mimic these situations in the laboratory. Next, we will question the role of interindividual variability in the emergence of these social strategies. Finally, we will remind that the understanding of social cognition under threat is only possible in an interdisciplinary context.

4.1-Collective action and social support

As explained above, the assumption that the increase of co-representation in the Non-common group is explained by the fact safe co-partners represents an available resource of social support is questionable. To overcome this limitation, two different alternatives can be developed. The first would be to reinforce the belief that the second participant can provide assistance or not. Of interest, Doerrfeld et al. [START_REF] Doerrfeld | Expecting to lift a box together makes the load look lighter[END_REF] revealed that the perception of clues that the co-partner with whom the participants had to perform a motor task was injured, impacted future action planning. Similarly, a recent study [START_REF] Low | Visibly constraining an agent modulates observers' automatic false-belief tracking[END_REF] showed that the representation of participants' beliefs can be influenced by the perception of others' physical constraints (preventing them from performing some movements).

These two studies seem to indicate that simple visual cues are powerful to modify participant's beliefs about the state of their social partners, since the observer's motor system tracks other people's resources to act. Consequently, our study on Social Simon Effect in a threatening situation could be replicated by performing the task in the presence of a confederate who would be injured/constrained vs.

healthy/unconstrained.

The other alternative is to work with joint action tasks in which the actions of each participant are mutually dependent to achieve a common goal. In the study led by Torok et al. [START_REF] Török | Rationality in Joint Action: Maximizing Coefficiency in Coordination[END_REF], participants can choose between two pathways that allow them to reach a target (see Figure 7-2). They can choose to perform a movement that is either low-cost for them but more costly for the partner or vice versa. This design makes it possible to assess more explicitly whether in threatening situations, participants choose more often strategies that minimize their own costs (self-preservation tendency) or 

4.2-Alter-centric cognition and self-other balance

In order to better understand the organization of social behaviors in situations of danger, an efficient strategy would be to pursue the investigation of alter-centric cognition when we feel threatened. In the present project, only one form of co-representations was investigated: motor representations. However, in order to be coordinated spatially and temporally with actions of others, other representations are also necessary [START_REF] Constable | Do you see what I see? Co-actor posture modulates visual processing in joint tasks[END_REF][START_REF] Obhi | Moving together: Toward understanding the mechanisms of joint action[END_REF][START_REF] Sebanz | Prediction in Joint Action : What[END_REF]: the representation of other people's goals and intentions, the representation of visual information of the things that others perceive at a given moment or the representation of the way they are reasoning. The amount of evidence on the relevance and the automaticity of these processes in our social interactions as well as the level of complexity of these representations have increased considerably over the last few years [START_REF] Capozzi | Altercentric intrusions from multiple perspectives: Beyond dyads[END_REF][START_REF] Obhi | Moving together: Toward understanding the mechanisms of joint action[END_REF][START_REF] Surtees | I've got your number: Spontaneous perspective-taking in an interactive task[END_REF]. For example, individual represent features [START_REF] Elekes | Evidence for spontaneous level-2 perspective taking in adults[END_REF] and position of objects [START_REF] Cavallo | When Far Becomes Near[END_REF][START_REF] Costantini | Ready both to your and to my hands: Mapping the action space of others[END_REF][START_REF] Freundlieb | When do humans spontaneously adopt another's visuospatial perspective?[END_REF] or semantic of words [START_REF] Freundlieb | Reading Your Mind While You Are Reading-Evidence for Spontaneous Visuospatial Perspective Taking During a Semantic Categorization Task[END_REF] perceived by their partners as well as the parameters of their actions, such as deviation [START_REF] Curioni | Reciprocal information fl ow and role distribution support joint action coordination[END_REF]Schmitz et al., 2017), velocity [START_REF] Vesper | Using Violations of Fitts' Law to Communicate during Joint Action[END_REF][START_REF] Vesper | Making oneself predictable: reduced temporal variability facilitates joint action coordination[END_REF] or order of movements [START_REF] Schmitz | Co-actors represent the order of each other's actions[END_REF].

What happens to all these capabilities under threat? The Threat-of-Scream paradigm is a tool that can be applied to the large range of tasks already designed and available in the literature to study self-other integration. This tool therefore opens up a field of immense possibilities in terms of collaboration and future research directions. As an example, in spring 2021, a collaboration with the Dr. Romand-Monnier will begin to investigate how visual perspective-taking [START_REF] Samson | Seeing it their Way: Evidence for rapid and involuntary computation of what other people see[END_REF] is modified in threatening situations; with the same idea that an increased altercentric bias would be associated with a cognition oriented towards others. Also, another self-other component which has been relatively ignored in this manuscript and which it would be essential to investigate is the peripersonal space.

Peripersonal space (PPS), is defined as the space where physical interactions between the body and the external world occur [START_REF] Serino | Peripersonal space (PPS) as a multisensory interface between the individual and the environment, defining the space of the self[END_REF][START_REF] Vieira | Neural correlates of social and non-social personal space intrusions: Role of defensive and peripersonal space systems in interpersonal distance regulation[END_REF]. It has been shown that the PPS representations were modified by the social context and the presence of the tool in the environment [START_REF] Holmes | Extending or projecting peripersonal space with tools? Multisensory interactions highlight only the distal and proximal ends of tools[END_REF][START_REF] Pellencin | Social perception of others shapes one's own multisensory peripersonal space[END_REF]. PPS extended up to include the space around cooperative co-partners but not competitive ones [START_REF] Hobeika | Social coding of the multisensory space around us[END_REF][START_REF] Teneggi | Social modulation of peripersonal space boundaries[END_REF]. In addition, it has been observed that individuals' PPS is modulated when they perceive a threat inside the PPS of a social partner, resulting from the embodiment of others' perception of threat [START_REF] Fossataro | Interpersonal interactions and empathy modulate perception of threat and defensive responses[END_REF]. Of interest, PPS has been defined as "the space in which the world can become threatening and dangerous, requiring protective behaviors" (de Vignemont, 2018; de [START_REF] De Vignemont | How many peripersonal spaces?[END_REF]. Consequently, we believe that PPS boundaries can be modulated to protect others or to recruit social support (if others is perceived as a relevant safety cue). The investigation of this mechanism would then be particularly aligned with the issues highlighted by this dissertation.

4.3-Socio-cognitive mechanisms and threat parameters

As pointed out above, using "Threat-of-Scream" paradigm, only a small part of the spectrum of defensive behavior is studied. In this paradigm, participants shift from one state to another (and vice versa): a state of safety or a state of anxiety caused by the anticipation of a potential threat5 . Many factors remain to be studied in order to understand how social cognition is transformed in all possible situations of danger we may encounter. As a reminder, Blanchard et al. [START_REF] Blanchard | Defensive behaviors, fear, and anxiety[END_REF] have identified five parameters modulating our defensive actions in situations of danger: distance to the danger, intensity of the threat, ambiguity about the source of the danger, the possibility to escape or to hide. Dezecache et al. [START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF] having observed that supportive behavior decreased if individuals are under fire and with the possibility to escape, it would be relevant to evaluate how threat intensity and the presence of an emergency exits influence the perception of affiliation signals. One possibility would be to have a group of participants perform a dot-probe task between two categories of stimuli (see Furthermore, we suggested that affiliation signals might be more relevant in a second stage, in order to elicit cooperation strategies once the source of the threat is clearly perceived and identified.

Unfortunately, the temporal component was not taken into account in our studies, which makes interpretations such as "safety first" very speculative. Also, if fear stimulus associated with an averted gaze is associated with the social function of specifying the location of danger (i.e. ambiguity factor)

to others, no feedback on the true position of the source was given to the participants. Thus, we propose two follow-up studies to our categorization task. The first one would consist in varying the duration of the faces presentation by proposing two temporalities: 250ms vs. 800ms. Recent fMRI results obtained by [START_REF] Cushing | Neurodynamics and connectivity during facial fear perception: The role of threat exposure and signal congruity[END_REF] seem to support a two-stage processing: an early processing of threat information and a late processing of affiliation signals conveyed by fearful faces. Consistent with these results, we hypothesize that fast presentation of our stimuli in threat situations would prioritize danger signals (i.e. averted gaze) while affiliation signals would be prioritized in a longer presentation (i.e. direct gaze). The use of models from the Signal Detection Theory will again be informative here: they will allow us to replicate the increased bias (i.e. to averted gaze) we previously obtained for a 250ms presentation, but also to identify which mechanism is involved in the prioritization of affiliate signals (if such result is observed for 800ms presentation). The second followup study would be to investigate the perception of the combination of gaze and expression of fear when the position of the threat is already indicated to participants. In this context, the averted fear gaze becomes non-informative. This study will investigate what happens to the direct gaze in such context (i.e. when ambiguity about threat is overcome).

4.4-Does inter-individual variability matter when investigating social cognition under threat?

One of the points that require to be deepen investigated in this project is inter-individual variability.

Several traits related to anxiety were measured in our different studies: general anxiety, social anxiety or anxiety to uncertainty. These scores were acquired to control the anxiety trait level of the recruited participants. They were not used as a co-variable to explain the effects we obtained. One of the main reasons is that, given the number of questionnaires used, the probability of obtaining a false positive was high. Moreover, our experimental designs included three to four experimental factors at the same time. The addition of a co-variable would most likely have made the understanding of the investigated phenomena more complex (for the same reason, gender has not been integrated as a co-variable).

Moreover, the size of our samples would have been too small to be able to conclude on such analyses.

A replication on a larger sample size might allow us to investigate the influence of trait anxiety variability on the ability to co-represent and detect social signals in threat situations. The only score we used as a covariate is the Social Value Orientation score [START_REF] Murphy | Social value orientation: Theoretical and measurement issues in the study of social preferences[END_REF], which has been associated several times with affiliate tendencies in the literature [START_REF] Kaltwasser | The influence of emotion type, social value orientation and processing focus on approach-avoidance tendencies to negative dynamic facial expressions[END_REF][START_REF] Moussaïd | Patterns of cooperation during collective emergencies in the help-or-escape social dilemma[END_REF]. It therefore allowed us to establish a strong a priori prediction we wanted to test (i.e. prosocial individuals should be more sensitive to direct fearful faces). Nevertheless, no effect was observed, even if we again believe that replication with a larger group of participants is necessary. For the same reasons, we believe that questionnaires measuring empathy capacities should be added for our future studies as they explain the variability of prosocial behavior in threatening situations [START_REF] Tomova | Increased neural responses to empathy for pain might explain how acute stress increases prosociality[END_REF][START_REF] Vieira | Help or flight? Increased threat imminence promotes defensive helping in humans[END_REF] but also the plasticity of corepresentation mechanisms in our daily social interactions. They would have been highly relevant for the identification of the functions of the mechanisms we measured (in particular to distinguish whether the effects we observed can be explained as truly reflecting self-preservative motives or rather by empathic concern towards others).

4.5-A longitudinal interdisciplinarity research axis

One of the biggest challenges associated with this research question is to collect empirical data which are both ecologically valid and experimentally meaningful (i.e. to be easily interpretable). In this manuscript, we have shown that field-based studies in ethology and social psychology can inform neuroscience models of defense circuits under threat. Nevertheless, these data are mainly based on video observations [START_REF] Gu | Video-based analysis of school students' emergency evacuation behavior in earthquakes[END_REF] or subjective reports [START_REF] Dezecache | Human collective reactions to threat[END_REF][START_REF] Drury | The role of social identity processes in mass emergency behaviour: An integrative review[END_REF] which suffer from several biases that make their interpretation complicated. In order to identify which factors influence the behaviors observed in real life and why they occur, the contribution of experimental psychology seems necessary insofar as it provides a much more controlled and therefore more informative working environment. In return, it has been obviously argued that there are ethical and practical issues in recreating real-life dangerous situations in the laboratory [START_REF] Vieira | Help or flight? Increased threat imminence promotes defensive helping in humans[END_REF]. Consequently, the validity of such data can be criticized and qualified to be too reductionist.

However, it is important first to point out that, independently of this debate, our data at least provide new evidence on human social cognition in situations of moderate and prolonged anxiety as well as insights about the cognitive differences observed in people suffering from anxiety disorders (Robinson et al., 2013). Secondly, it is likely that the sociocognitive processes targeted at laboratory under lowrisk context are the same as the ones implicated in more extreme forms of danger (but probably in an intensified way).

So how to deal with this trade-off between experimental control and validity? In order to do so, it is necessary to keep dialoguing between these different fields. Building theoretical bridges, as we tried to do in this dissertation, will allow researchers to make progress in this area. Threat situation is highly complex. As a results, individual emotional responses can be highly variable. Nevertheless, we have many approaches to overcome this issue (i) which are highly complementary, (ii) which provide specific data at different scales, and (iii) which allow us to travel along this continuum between ecological validity and controllable environment (see Table 7-3). The results of the studies we have conducted and described in this manuscript will not by themselves answer the big question of "what happens to social cognition in threatening situations?". However, they do provide data that can and should be continuously highlighted with other studies conducted in laboratory, as well as with behaviors observed in real life to provide qualitative and quantitative predictive models. Some mathematical models try to simulate the behavior of crowds observed in disaster or attack situations by combining parameters representing both physical environmental constraints and socio-cognitive phenomena [START_REF] Cheng | Emergence of cooperation during an emergency evacuation[END_REF][START_REF] Verdière | Understanding and simulation of human behaviors in areas affected by disasters: From the observation to the conception of a mathematical model[END_REF]. As an example [START_REF] Von Sivers | Modelling social identification and helping in evacuation simulation[END_REF], it has been shown that social identity and helping behaviors undertaken under threat were efficient model parameters to efficiently simulate the evacuation timing during the London bombing attacks. It is in this spirit of continuity that future projects in this field should be pursued.

5-Conclusion

The work conducted here was inspired by collective behaviors that have been observed during disasters or attacks to question how our socio-cognitive functions are modified in such contexts. We have identified two target functions which are the co-representation and perception of social signals that we have studied in the laboratory under conditions of sustained anxiety. We then discussed how the modulation of these mechanisms could underlie these so-called behaviors. During the course of this dissertation, we presented how we went back and forth between real life and laboratory once a time.

Obviously, considering the complexity and variability of threat situations, this work needs to be done repeatedly to provide a clear picture of the social behaviors under threat. Nevertheless, this dissertation has made it possible to legitimize the place of others and collective actions in models predicting reactions to dangers. It provided a review of the literature on sociality in situations of danger by attempting to harmonize results from various fields with extremely varied approaches. It defends in particular a motivational approach (i.e. cost-benefit ratio) to understand the diversity of behaviors emerging in threat situations, both at individual and collective level. Empirically, it first provides a tool to pursue the study of social cognition in threat situations: the threat-of-scream paradigm. Then, through two studies, it brought new evidence to defend the importance of social cognition under threat.

These results were compared with models describing the taxonomy of defense reactions in order to propose a unified framework between results from research in neuroscience, social sciences and cognitive psychology. To validate such framework, it is still necessary to identify the list of environmental factors (and combinations of factors) that influence our behavior and how. Ultimately, this dissertation is an invitation to interdisciplinarity because, as stated in the first words of this manuscript, "there are a need for interdisciplinarity in this regard". 

Debriefing with participants

We collected ratings for all screams together on an aversive scale (from 0 -not at all aversive to 10extremely aversive). Participants rated the screams as moderately aversive (median of 4, see Figure S4-4, left). Inducing anxiety relies both on the aversiveness of the delivered stimuli as well as on their unpredictability. We therefore also asked participants to rate how much they felt preoccupied by the possibility that a scream would be delivered during threat blocks (this was done during the debriefing). three participants, one electrode was unplugged, and the cardiac signal was not recorded during the experimental session (final N=23). Heart rate was computed as the inter-beat interval of the ECG using a modified 'ECG processing' Matlab script (initially developed by Sergey Chernenko). Heart rate was first computed inside the entire duration of each block and was analyzed with repeated measures ANOVAs with Condition (Threat vs. Safe) and Time (Blocks 1 to 5) as within-subject factors. Then, we computed the heart rate after each scream. To do so, heart rates were determined for eight time windows of one second after each scream and compared to eight time windows before each scream.

Hear rates were relative to a one second baseline period before the first time window. Repeated measures ANOVAs with Scream (Before vs. After) and Windows (1 to 8s) as within-subject factor were performed on heart rate variation.

Within a block, ANOVA revealed a main effect of Condition (F(1,22) = 4.87, p = 0.038, ƞ²p = 0.18):

heart rates were slower during threat relative to safe blocks. We observed an effect of Time, heart rates being decreased as the experiment progressed (F(4,88) = 14.78, pcorr < 0.001, GG-ε = 0.70, ƞ²p = 0.40).

We did not observe a significant interaction between Time and Condition (F(4,88) = 0.43, p = 0.79, ƞ²p = 0.019). The main effect of Scream did not reach significance but heart rates tended to be slower after than before a scream (F(1,22) = 3.33, p = 0.081, ƞ²p = 0.13). We observed no main effect of Windows (F(4,88) = 0.54, pcorr = 0.64, GG-ε = 0.39, ƞ²p = 0.024). The interaction between Windows and Scream was not significant either (F(7,154) = 1.15, p = 0.33, ƞ²p = 0.050).

Our cardiac results suggest that under unpredictable threat, heart rate decreases. For Lojowska and colleagues [START_REF] Lojowska | Freezing promotes perception of coarse visual features[END_REF], heart rate deceleration is associated with an increase of attention as well as an enhancement of visual navigation. Our results seem to be consistent with, on one hand, theoretical models on defensive behavior which suggests the possibility to be attacked induces freezing strategies to facilitate the appraisal of the environment and on the other hand, threat-of-shock studies, which defend that uncertain risky contexts induce hypervigilance. However, while we can exclude the activity induced by screams from the global skin conductance activity, it is difficult to do it with the cardiac signal without creating an artefact. As we did not present additional stimuli in the safe condition, we can exclude our effect to be only explained by the presentation of seldom stimuli in threat blocks, independently of the stimuli valence, as we notably observed a propensity of the cardiac signal to decelerate just after a scream. When discussing with researchers having used to record cardiac activity, we realized we needed to be careful with our interpretation without a "stimulation-control" inside our safe blocks. In addition, because of technical problems, the final sample size is too small while the cardiac activity is really variable. For these reasons, we decided to provide these results in the Appendix and to describe them in a speculative way. with the left hand did not generate motor artefact on skin conductance recording, we computed the absolute value of variation of skin conductance activity 1.5s after pressing the left (i.e. hand with electrodes) or right (i.e. hand without electrodes) key. We observed no difference between right and left hand keypress (t(37) = 1.60, p = 0.12, Mean Difference = 0.003µS, SE = 0.002µS) which confirmed that answering with the hand where the electrodes were attached didn't contaminate the electrophysiological signal. Subjective Anxiety, SCL and RT where analyzed identically to the Social Simon data. 

Results

Exploratory result -Social Buffering

To control if our anxiety manipulation is impacted by a joint task design, we performed an Anova on Skin Conductance Level and subjective anxiety with Condition (Threat versus Safe) as within-subject factor and Group (Alone vs. Common vs. NonCommon) as between-subject factor. The Anova revealed that the difference between Threat and Safe were higher in Alone Group compared to the two others groups for both SCL and subjective anxiety. Moreover, at the end of the experiment, we also asked participants to rate how aversive the screams were for them and how much they felt preoccupied by the possibility that a scream would be delivered during threat blocks (from 0 -not at to 10extremely). We performed an Anova on both scores with group as factors. If aversiveness score were similar for our 3 groups, Anova revealed that the preoccupation score was higher for the alone Group.

Altogether, these result suggest that a phenomenon of social buffering (i.e. the presence of an affiliative conspecific mitigates stress responses in a subject) took place in a joint design compared to the alone group. Interestingly, preoccupation scored correlated positively the increase of both SCL and subjective anxiety confirming that unpredictability of screams matter in the anxiety manipulation but seems to be regulated by the presence of conspecifics (see Tables S5-24 -S5-34). Indeed, cases of cooperation and mutual aid are often reported in the literature on disasters. To implement such strategies, psychological mechanisms that allow us to process social signals conveyed by others in order to act with them must be in place and these mechanisms must be maintained and even optimized in situations of intense anxiety.

Debriefing Participants

Understanding how danger reconfigures how we perceive our social environment and how we represent others and their actions, as well as the incentives of such strategies, is an important theoretical challenge. To tackle this issue, we led 3 studies. In the first one, we validated a within-subject method to induce anxiety in a sustained manner: the threat-ofscream paradigm which consists in alternating blocks in which participants are at risk of hearing aversive distress screams at any time (threat blocks) with blocks in which they are not exposed to aversive stimuli at all (safe blocks). In a second study, we used this procedure to investigate how co-representation of action (i.e. the ability to automatically integrate the actions of other individuals into our own action plans to facilitate action coordination) is impacted under threat. Results showed that co-representation (assessed by measuring the magnitude of the classical Social Simon Effect) is maintained under threat contexts and seems to be particularly boosted when participants are exposed to danger near safe partners. Our results suggest that the potential function of co-representing others' actions could be to promote social strategies essential for one's own survival. Finally, the third study addressed how facial displays of fear are perceived under threat. Indeed, depending on their associated gaze direction, they can either be appraised as signaling the presence of a potential threat in the surrounding environment (averted gaze), or as a signal of distress and potential need of help (direct gaze). Using a categorization task, we investigated if danger-related or distress-related signals were prioritized under the threat-of-scream procedure. We observed that the appraisal of danger-related signals transmitted by facial displays of fear is increased under threat contexts, with no impact on the appraisal of distress signals. Altogether, our results suggest that while social strategies are maintained under threat, they might be sustained by self-preservatives motives. 
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FOREWORD

  During the gap-year following my master's degree, I have joined Julie Grèzes from the Laboratory of Cognitive and Computational Neurosciences (LNC², PSL Research University) in her Social Group.
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 11 Figure 1-1. Schematic representation of defensive reaction depending of the threat dimension. (Top) The threat imminence continuum running from high-to low-imminence threats. (Middle) A hypothetical model of the different behaviors, cognitions, and emotions depending temporal and space distance to threat continuum. (Bottom). This continuum is influenced by other dimensions which favor particular defensive reactions. Adapted from Blanchard and Blanchard (2008); Mobbs et al. (2020) and Roelofs, (2017).
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 12 Figure 1-2. Decision Tree for Defensive Behaviors to Threatening Scenarios. Decision tree predicting the defensive behavior chosen by the majority of subjects based on intrinsic characteristics of the threat scenario
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 13 Figure 1-3. Adapted from Drury et al. (2009): coding of people's experiences, perceptions, behaviors, and feelings during the London bombing attacks reported in newspapers and personal archive accounts

Figure 1 -

 1 Figure 1-4. (Top) Example of photographs redrawn (note that real photographs were used by the authors for coding; they can be found at: https://www.flickr.com/photos/nightmaresfearfactory). Grasping, mutual grasping, hiding and absence of contact were observable on pictures. (Bottom part) Results from the study: Proportion of gripping (blue line), mutual gripping (green line) and ratio of gripping being mutual (red line) relative to (left) group size, (middle) age-class and (right) position in the scene.In a second study, Dezecache et al.[START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF] conducted an interview-based investigation in order to better identify the nature and determinants of social actions under threat. To do so, thirty-two survivors of the Paris attacks at 'Le Bataclan' (on the evening of 13-11-2015 in Paris, France) were interviewed through a series of questions on their spontaneous reaction, their behavior toward others and their communication with people inside and outside the Bataclan. Interviews were segmented into 426 social episodes, with 290 of them describing supportive behaviors toward others, and 121 of them reporting detrimental actions to others. To infer why social cognition was still present during the attacks, the authors examined the situational factors associated with a higher probability of socially supportive behaviors among hostages. Participants reported less supported action in context
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 15 Figure 1-5. Distribution of supportive and non-supportive actions during Paris Attacks (based on Dezecache et al. 2020). (Top-Left) Effect of contextual factors on the occurrence of supportive behavior under threat for all narrated episodes (regardless of who was the agent). Each plot represents the predicted probability of a reported action to be supportive as a function of the possibility to escape and the presence of immediate firing. (Top-Right) Effect of contextual factors on the participation to a supportive behavior under threat by the agent. The predicted probability of an action in which the agent took part to be supportive varies with the possibility to escape and the degree of emotional fusion of the agent with the other individuals involved. (Bottom). Psychological motivations underlying supportive actions for which the respondent was the agent.
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 21 Figure 2-1. How experimentally investigate threat? Two possible ways: 1-Artificial emergency situation (evacuation of a train station, theater, tunnel…) can be created in real or virtual reality. 2-Classical lab experiment can be run. This one can be divided in two sub-categories: the ones investigating cognition poststress induction and the ones investigating cognition during stress-induction. Each are associated with particular design (between or within subject), stressors or manipulation check (subjective, physiological or endocrinal). Figures are from: Berger et al. (2016); Bublatzky et al. (2013); Drury et al. (2009); Garibbo et al. (2019); Grillon et al. (2016); Kinateder et al. (2014); Margittai et al. (2015); Nilsson & Johansson (2008); Vinkers et al. (2013).
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 2 Figure 2-2. (Left) Facial dot-probe task paradigm (based on Hornung, Noack, Kogler, & Derntl, 2019). Emotional-neutral or neutral-neutral face pair is displayed to participant. Then, faces disappear and a dot probe is presented behind one of the faces. Participants were asked to indicate the dot position as quickly and accurately as possible. (Right) Results from Von Dawans et al. (2020). Attentional bias to happy and angry emotional displays. Positive values represent attentional preference.
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 23 Figure2-3). Red targets are displayed on the scene walls such that the participant and the avatar either see the same number of targets (congruent perception) or not (incongruent perception). Participants are asked to report either the number of points they saw themselves (first-VPT) or the number the avatar saw (third-VPT). Both an alter-centric bias, i.e. how the representation of visual information perceived by the avatar impacts participants' reports from a 1st-VPT, and an egocentric bias, i.e. how the representation of visual information that participant perceived impacts participants' reports from a 3rd-VPT, can be computed.
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 23 Figure 2-3. (Left) Experimental design of VPT task (from Wang, Tseng, Juan, Frisson, & Apperly, 2019).Examples of image display from the congruent/incongruent perception and temporal organization of a trial. Participants are noticed if they have to take a first (indicated by 'YOU') or third perspective (indicated by 'HE/SHE') to assess the number of perceived targets. Then, the computer proposes an answer followed by the scene. Depending of the imposed perspective taking, participants have to answer if the proposed answer was correct or not. (Right) Results from[START_REF] Todd | Anxiety impairs spontaneous perspective calculation: Evidence from a level-1 visual perspective-taking task[END_REF]. Anxiety increased egocentric intrusion during 3rd-VPT and decreased alter-centric bias during 1st-VPT.
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 2 Figure 2-4. (Top) Experimental design used by Kavcioglu et al. (2019): Face pictures were presented during threat-of-shock or safe blocks. After viewing the face picture, participants had to categorize (neutral, angry, fearful, or happy) and rate the intensity of the facial emotional display. (Bottom-Left) Averaged recognition accuracy of participants. (Bottom-Right) Intensity rating of participants.

Figure 2

 2 Figure 2-5. (Left) Experimental design used by[START_REF] Gorka | Impact of induced anxiety on neural responses to monetary incentives[END_REF]: a geometric shape (Trial Cue) indicated the type of trial (i.e. gain, loss or neutral) was followed by a target. Participant task consisted on successfully pressing the button when the target was displayed. Feedback (i.e. success or failure and its monetary consequence) ended each trial. The task was performed under safe blocks (denoted here in yellow) and during threat-of-shocks blocks (denoted here in blue). (Right) Statistical parametric map of the condition (threat vs. safe) by trial type (neutral, gain, loss) interaction during the anticipation of the target within the bilateral Striatum. The extracted parameter estimates from the left Ventral Striatum were also provided here (Y axis values represent arbitrary units and the error bars represent ±1 standard error).
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 31 Figure 3-1. Explanation of the social Simon task and the social Simon effect.
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 32 Figure 3-2. Organization of the Ph.D. dissertation -To understand how threat shapes social cognition (i.e. how the value of social cue impacts our action planning and perception), we first validated the threat-of-scream paradigm and we applied it on the two tasks to investigate co-representation of action and perception of fearful face depending on two instrumental modulations: resources to help and affiliative signal.

  Twenty-six healthy volunteers (12 females, age 23.6 ± 3.4 years SD) were recruited to participate in Experiment 1 (a sample of the same magnitude as Patel et al. (2016)'s study). Results from the correlation between tonic skin conductance activity and subjective reports of anxiety were used to calculate the sample size needed to replicate this result using G*power. The sample size for replication was estimated at n = 27 for an effect size of d = 0.56, α = 0.05 and β = 0.80. To anticipate potential exclusions, we aimed at including 35 participants in Experiment 2 (Replication of Experiment 1), and 33 participants could be recruited (18 females, age = 23.89 ± 4.50 years SD). All participants were right-handed, had normal or corrected-to-normal vision, and had no history of neurological or psychiatric disorders. The experimental protocol was approved by INSERM and the local research ethics committee (Comité de protection des personnes Ile de France III -Project CO7-28, N° Eudract: 207-A01125-48), and it was carried out in accordance with the Declaration of Helsinki.
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 41 Figure 4-1. The Threat of Scream Design. (a) Temporal organization of the experiment. Participants performed a free action-task, in the two types of alternating blocks (Safe/Threat). (b) Temporal organization of a block.Each block began with one minute of baseline to measure participants' skin conductance before each block. A written sentence was then presented for 10 sec, providing information about the upcoming nature of the block (Safe or Threat). Each block ended with an anxiety scale. Note that skin conductance activity was measured throughout each block whereas subjective anxiety ratings were only collected at the end of each block.

(

  Meanr = 0.21, Meanr-to-z = 0.26), of medium size and statistically different from zero (bidirectional ttest, t(25) = 2.86, p = 0.009, Cohen's d = 0.56, lower 95% CI for Cohen's d = 0.14, upper 95% CI for Cohen's d = 0.97) (Figure 4-2c).

  results from Experiment 1, mean of intra-individual correlation between SCL and subjective reports of anxiety was positive (Meanr = 0.33, Meanr-to-z = 0.40), of large size and statistically different from zero (Bidirectional T-test-t(32) = 5.58, p < 0.001, Cohen's d = 0.97, lower 95% CI for Cohen's d = 0.55 upper 95% CI for Cohen's d = 1.38) (see Figure 4-2f).
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 42 Figure 4-2. Skin Conductance Level (Top), subjective anxiety (Middle) and intra-individual correlation between SCL and subjective anxiety (Bottom) for study one (Left) and its replication study two (Right). Error bars and points represent respectively standard errors and individual data. Miniatures provide descriptive variation of the reported effects relative to each block. *** = p < 0.001; ** = p < 0.01; * = p < 0.05; n.s. = p > 0.05.

  How are those collective responses to danger even possible in humans? Which are the cognitive mechanisms that allow us to coordinate with others in the face of danger? Paradoxically, and in spite of the wealth of literature on collective mechanisms in response to danger in other animals, human responses to danger (such as freezing e.g. Hagenaars, Roelofs, Hagenaars, & Stins, 2010 or avoidance of threatening individuals e.g. Vilarem, Armony, & Grèzes, 2019), have largely been studied in complete social isolation. Many of our behavioral strategies are yet social. In other animals, reactions to perceived danger consist of a set of behaviors that cascade. When a threat is detected, social information acquisition processes are put in place, whereby detectors voluntarily or involuntarily inform other individuals of the presence of the danger

  , this manipulation could indicate whether affiliative tendencies under threat, as measured by Social SE, serve prosocial motives (such as bringing mutual support in the Common fate and/or social support to the individual under threat in Non-Common fate) or self-preservative motives (Dezecache et al., 2017) (recruiting social support from the safety individual in Non-Common fate). Participants Seventy-eight healthy volunteers (38 females, of mean age 23.5 ± 4.3 years SD) were recruited to participate in this study. All participants were right-handed, had normal or corrected-to-normal vision, and had no history of neurological or psychiatric disorders. The experimental protocol was approved by INSERM and the local research ethics committee (Comité de protection des personnes Ile de France III -Project CO7-28, N° Eudract: 207-A01125-48), and it was carried out in accordance with the Declaration of Helsinki. The participants provided informed written consent and were compensated for their participation. Twenty dyads of same gender (10 dyads of females, of mean age 23.4 ± 4.3 years SD) were randomly assigned to Common group, while nineteen dyads (9 dyads of females, of mean age 23.6 ± 4.5 years SD) were assigned to the Non-Common group. Participants didn't know each other, and were not allowed to talk to each other until the end of the experiment.

  (Figure 5-1A), performed by dyads of participants during alternating blocks of threat-ofscreams or safety. Participants were either assigned to the Common or the Non-Common group. Dyads of participants in the Common group systematically shared the same experimental context: both

(see Figure 5 -

 5 1B), and (b) one SCL value corresponding to the averaged signal over task performance. The instruction phase (Condition + Readying -see Figure 5-1B), between 1-minute baseline and the

5- 2 :

 2 Figure 5-2: Result from the Social Simon task. (A) and (B) Social Simon Effect (SE) for the Common and the Non-Common groups, respectively. Points represent individual data. Distribution in the upper part of each plot represents the difference in Social SE between Threat and Safe blocks and the black line the median of this distribution. The distribution is center to zero for the Common Group while it is shift toward positive values for the Non-Common Group. (C) Between-subjects correlations between the magnitude of the Social SE in safe and threat blocks for the Common Group (Orange) and Non-Common Group (Purple). (D) Skin Conductance level and Subjective reports of anxiety. P-value for t-test contrasting threat against safe blocks within each group are provided. *** = p < 0.001; ** = p < 0.01; * = p < 0.05; n.s. = p > 0.05.

  Neither the main effect of Condition (F(1,75) = 1.33, p = 0.25, ƞ² = 0.017), nor the interactions between Condition and Group (F(1,75) = 1.64, p = 0.21, ƞ² = 0.021), or between Condition and Congruency (F(1,75) = 2.00, p = 0.16, ƞ² = 0.026), or between Congruency and Group (F(1,75) = 0.14, p = 0.71, ƞ² = 0.002) on RTs were found significant. The main effect of Congruency on RTs, which reflected the classical Social SE, was found to be significant (F(1,75) = 52.32, p < 0.001, ƞ² = 0.41). Participant were slower during incongruent compared to congruent trials. T-tests against zero suggested that the Social SE was present and significant in both Safe and Threat blocks and in both Common and Non-Common groups (all ps < 0.01, see TablesS5-8 and S5-12).

  experimental protocol was approved by INSERM and the local research ethics committee (Comité de protection des personnes Ile de France III -Project CO7-28, N° Eudract: IRB00003888) and was carried out in accordance with the Declaration of Helsinki. Participants provided online consent. Stimuli Stimuli were provided by El Zein et al. (2015) and consisted of facial displays from 36 actors (18 females) adapted from the Radboud Faces Database (Langner et al., 2010) that varied in emotion

Figure 6 - 1 .

 61 Figure 6-1. Participants' evaluation scores during the face evaluation task. Participants assessed on continuous scales whether fearful (dark color) or neutral (light color) facial expressions associated with averted or direct gaze faces signaled (i) the presence of danger (purple) and (ii) a need for help (grey). Error bars and points represent respectively standard errors and individual data. *** = p < 0.001; ** = p < 0.01; * = p < 0.05; n.s. = p > 0.05.
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 62 Figure 6-2. Facial signals stimuli -The amount of perceptual evidence (emotional information) on the faces varies from neutral to fear (8 levels of morphs), and each face was associated with direct and averted gaze, which we expected to signal a need for affiliation or danger. As in study 1, stimuli consisted of 36 actors (18 females) adapted from the Radboud Faces Database (Langner et al., 2010) that varied in emotion (from neutral to fearful expressions) and gaze direction

  experiment consisted in a modified version of the emotion categorization task (El Zein, Wyart, & Grezes, 2015) performed by participants during alternating blocks of threat-of-screams or safety (Threat-of-Scream procedure -Beaurenaut et al., 2020) (see Figure 6-3). Participants were informed

6

  safe blocks), each consisting of 96 trials, balanced in the number of gaze (2), gender (2) and morph levels (8). This resulted in a total of 576 trials (16 trials*36 IDs) presented twice, and 1152 trials for the entire experiment. During each threat block, 6 distress screams were delivered once, randomly during the block (approximately 6% of the trials), either at the beginning of the trial (2 screams), before the face appeared (2 screams), or when it disappeared (2 screams). At the end of each block, the percentage of correct responses was shown to the participants, to keep them motivated.

Figure 6 - 3 .

 63 Figure 6-3. Experimental paradigm. Participants performed an experiment under two types of condition indicated by different color band (Green: Safe and Blue: Threat). Participant's task was always to indicate whether the presented faces displayed a neutral or a fearful expression. After each block, the subject indicates its anxiety level on a scale from 0 (relaxed) to 100 (very anxious).

  ANOVA with Condition (Threat vs. Safe) and Time (block 1 to 6) as within-subject factors on subjective reports of anxiety. Descriptive medians of the Aversiveness and Preoccupation debriefing scores were also provided.Second, to determine whether and how sustained anxiety impacted the emotion categorization task, we analyzed the proportion of fear responses and reaction times (RTs) during Threat and Safe block. We excluded 2 participants from the analyses, as their mean RTs deviated from the mean group by 2 SD (MeanGroup = 736 ms ± 151 ms, threshold for Outlier = 434 ms). The final data sample included 30 participants (16 females, 23.6 y.o. ± 4.5 SD). We ran three-way repeated-measures ANOVAs with Condition (Threat vs. Safe), Gaze direction (Direct vs. Averted) and the strength of perceptual evidence (from 0 for neutral to 7 for fear) as within-subject factors on the proportion of fear responses and RTs. Moreover, we assessed whether we could replicate findings from Kavcıoglu el al.(Kavcioglu et al., 2019), i.e. scores in anxiety trait positively correlated with the number of false alarms (i.e. fear response to neutral faces) in threat context compared to safe context. To do so, we conducted a repeated-measures ANOVA with (Threat vs. Safe) and Gaze direction (Direct vs. Averted) as withinsubject factors and STAI-trait scores as a co-variable on the proportion of fear response to neutral faces only (i.e. intensity level = 0).Third, we performed model-guided analyses of the behavioral data. The SDT (Signal Detection Theory) theoretical framework distinguishes between sensitivity to sensory information, and response bias (or criterion) which reflects the observer's tendency to interpret the signaler as displaying either of the two options (here, fear or neutral decisions). Within this framework, we fitted participant behavior using a model of choice hypothesizing that decisions were formed on the basis of a noisy comparison between the displayed emotion and a criterion. For safe and threat contexts separately, we fitted the data with the simplest model (null model) that could account for each subject's decisions using a noisy, 'signal detection'-like psychometric model to which we included a lapse rate, thereby considering that subjects guessed randomly on a certain proportion of trials:𝑃(𝑓𝑒𝑎𝑟) = ɸ[𝜔 * 𝑥 + 𝑏] * (1 -𝜀) + 0.5 * 𝜀where 𝑃(𝑓𝑒𝑎𝑟) corresponds to the probability of judging the face as fear, ɸ(. ) to the cumulative normal function, 𝜔 to the perceptual sensitivity to the displayed emotion, 𝒙 to a trial-wise array of evidence values in favor of fear (emotion strength in the stimulus -from 0 for neutral to +7 for an intense display), 𝑏 to an additive, stimulus-independent bias toward one of the neutral/fear choice, and ε to the proportion of random guesses among choices.We compared the 'null' model, which did not allow for influences of gaze direction on the decision process, to three additional models which instantiate two different mechanisms which could account for the observed increase in recognition accuracy for fearful faces combined with averted gaze (see results study 2): model 1 (BIAS) where only the bias parameter would be influenced by gaze direction; model 2 (SENSITIVITY), where only the perceptual sensitivity parameter would be influenced by gaze direction; and model 3 (COMPLEX) where both the bias and the sensitivity parameters would vary according to gaze direction. A change in the decision bias implied that the bias toward fear/neutral responses is different for direct and averted gaze and a change on the sensitivity implied that the sensitivity for fear associated with direct gaze is different from the sensitivity for fear associated with averted gaze.

Figure 6 -

 6 Figure 6-4. A. Proportion of response "Fear" during the categorization task. B. Estimated bias parameters for the winning model for each condition (Green = Safe and Blue = Threat) and for each gaze directions (direct: light, averted: dark). Error bars and points represent respectively standard errors and individual data. C and D. Psychometric functions representing the probability of responding 'fear' as a function of the amount of evidence of fear in the stimulus (0 = neutral to 7 = fear) for both contexts (threat: C, safe: D). The dots and associated error bars correspond to participant data (mean ± standard error). The curves and the area in transparency respectively indicate the mean predictions and the associated error of the winning BIAS model. *** = p < 0.001; ** = p < 0.01; * = p < 0.05; n.s. = p > 0.05.

(

  F(1,29) = 0.44, p = 0.52, ƞ²p = 0.015), the Condition by Gaze interaction was found significant (F(1,29) = 4.23, p = 0.048, ƞ²p = 0.13): the difference in RTs between averted and direct gaze was larger under Threat than Safe contexts. Neither the Condition by Intensity interaction (F(7,203) = 0.54, p = 0.80, ƞ²p = 0.018), nor the triple interaction between Condition, Gaze and Intensity (F(7,203) = 0.79, p = 0.60, ƞ²p = 0.027) were significant.

  ). Similarly to what has been observed byKavcıoglu el al. (2019), the difference in false alarms between Threat and Safe contexts was positively correlated (r = 0.42; p = 0.021) with participants' trait anxiety scores. No further main effects or interactions were found to be significant (all ps > 0.13)

  ): less evidence was required to answer fear for faces associated with averted vs. direct gaze in Threat vs. Safe contexts. The subjective equality point (SEP) which corresponds to the strength of evidence where a participant provided the same proportion of fear and neutral responses was lower in Threat context (MeanSEP_Threat = 38.68% ± 3.4 SE) compared to Safe context (MeanSEP_Safe = 41.84% ± 4.2 SE) for faces associated with averted gaze (see figure 6-4C and 6-4D).

Figure 7 - 1 .

 71 Figure 7-1.Sketch of a unifying model between the previously defined taxonomy of human defensive reaction, the assumptions raised by field studies and the results we obtained. Threat-of-scream allowed to investigate individuals' reaction during post-encounter phase. We proposed that the detection of social partners under anxiety can influence individuals stress response, our decision making, and the organization of collective actions. Presence of others can modulate ambiguity and intensity factors and consequently impact future action planned under threat which can be collective or individual depending of external environmental factors (possibility to escape, resources of social partners, sense of safety). Adapted from[START_REF] Mobbs | Space, Time, and Fear: Survival Computations along Defensive Circuits[END_REF].

  those of their partner (pro-social tendency). With the same aim, Le bars et al.[START_REF] Bars | Agents' pivotality and reward fairness modulate sense of agency in cooperative joint action[END_REF] designed a joint action task to test how action coordination takes place when the cost-benefit ratio of actions differs for each player. In this task, the participants have to coordinate their actions in order to move a cursor in a given time from the center of the screen to one of the four possible targets located in each corner of the screen. Each target is associated with a payoff matrix for each player (fair, unfair or null according to the trials). One of the two partners can only move the cursor vertically, while the other can only move it horizontally. Depending on how the trials are organized, if each player decides to maximize his or her own winnings, the target may tend towards the same option or towards a null option (as shown at the bottom right in Figure7-2). This task would be particularly elegant for investigating in a threat context, the real-time human motor coordination according to the consequences of one's actions for oneself and others.

Figure 7 - 2 .

 72 Figure 7-2. Future direction to investigate the influence of resources availability on joint action task under threat. Task can be performed using constrained (A) or injured confederate (B) or can be designed to study joint action between dependent actions (C). Adapted from: (A) Low et al. (2020), (B) Doerrfeld et al. (2012) and (C) Torok et al. (2018) & Le bars et al. (2020).
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 73 , socio-affiliative signals vs. signals indicating an emergency exit, while varying the intensity of the threat (absent, weak or strong) by modulating the intensity of screams (still below the danger to audition threshold). If the observations in the Dezecache et al. study are correct, then the attentional bias for exit signals (relative to social signals) should increase with threat intensity.

Figure 7 - 3 .

 73 Figure 7-3. Experimental design of a dot-probe task to investigate attentional bias between cue signaling possibility to escape and affiliation signal, depending on threat intensity.

Figure S4- 1 .

 1 Figure S4-1. Distribution of STAI-State (Left) and STAI-Trait (Right) questionnaires of Study one

Figure S4- 3 .

 3 Figure S4-3. SCR to scream (Left) and SCL before and after filter correction (Right).

  Participants felt relatively preoccupied, i.e. they reported anticipatory anxiety of scream delivery (median of 6 see Figure S4-4, right).

Figure S4- 4 .

 4 Figure S4-4. Distribution of participant's aversiveness (Left) and preoccupation ratings (Right).

Figure A4- 1 .

 1 Figure A4-1. Left: heart rate mean during threat (blue) and safe (green) conditions. Right: heart rate variation over time before (Light blue) and after (Dark blue) the delivery of aversive scream. Shaded error bars indicate SEM.

Figure S5- 1 :

 1 Figure S5-1: (A) Skin Conductance level and Subjective reports of anxiety. P-value for t-test contrasting threat against safe blocks are provided. (B) Between-subjects correlations between the magnitude of the Social SE in safe and threat blocks for the Alone Group. (C) Simon Effect for the Alone group. Points represent individual data. Distribution in the upper part of the plot represents the difference of Simon Effect in Threat and Safe block and the black line the median of this distribution. The distribution is center to 1ms. *** = p < 0.001; ** = p < 0.01; * = p < 0.05; n.s. = p > 0.05.

Figure

  Figure S5-2. Distribution of STAI-State, STAI-Trait and LSAS for each group
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Ozeray & Beaurenaut featuring Matlab

  "To survive, you have to care about yourself first. It doesn't mean that you don't care for others, but you have to survive first."

	Jean Decety
	"For each solution, its new problem"

Table 1 -

 1 

		You cannot see anything, but when you listen more closely, it sounds like
	people whispering						
	Rating	Attack	Run	Freeze	Behavior Risk Assess	Scream	Hide
	Dangerousness	0.475	0.464	0.308	-0.825*	0.381	-0.212
	Inescapability	0.762*	-.101	0.432	-0.516	0.158	-0.435
	Distant (far)	-0.592*	0.398	-0.628*	-0.017	0.487	0.653*
	Not ambiguous	0.525	0.504	0.324	-0.892*	0.128	-0.175
	Conceal/Protect	-0.7674*	-0.023	-0.030	0.408	-0313	0.598*

1. The threat scenario questionnaire created by

in Table 2-1.

  

	Social decisions can be of very different types. These can be measured experimentally with specific
	economic games. One may decide to give one's trust (measured by the Trust Game) or to give it back
	to someone who has previously given it to us (Trustworthiness Game). One can choose to have moral
	decisions (Everyday Moral Decision Making) or to defend fairness (Ultimatum and Punishment
	Game). One can be altruistic by being generous (Dictator and Sharing Game) or by helping someone
	(Prosocial Risk-Taking Game). Finally, one can decide to establish cooperative (Public Good Game,
	Prisoner's Dilemma, Ultimatum Game and Social Discounting Task) or antisocial (Money Burning
	Game and Anti-social Risk-Taking Game) strategies. To understand how these decisions are
	modulated by threat, four types of stressors have been previously used: social, physical, time pressure
	and drugs. Results of these studies are summarized

Table 2

 2 

	-1. Effect of different stressors on several explicit Social Decisions reported in 17 articles on the impact
	of stress on social decision-making. Arrows indicates the direction of the effect ( indicates an increase while
	 indicates a decrease). ~ indicates a trend toward significance. ° indicates that experimenters recruited both
	male and female participants. TSST: Trier Social Stress Test; TSST-G: Trier Social Stress Test for Groups;
	SECPT: Socially Evaluated Cold Pressor Test; CPT: Cold Pressor Test; CORT: Neuromodulators Cortisol; NA:
	neuromodulators noradrenaline.

Table 2 -

 2 

2 -Effect of different stressors on several socio-cognitive mechanisms reported in 28 articles. Arrows indicate the direction of the effect ( indicates an increase, while  indicates a decrease.). ° indicates that experimenters recruited both male and female participants. TSST: Trier Social Stress Test; TSST-G: Trier Social Stress Test for Groups; TSST-G: Trier Social Stress Test for Children; MC = mineralocorticoid.

  [START_REF] Vogt | Competing for attentional priority: temporary goals versus threats[END_REF][START_REF] Vromen | The spider does not always win the fight for attention: Disengagement from threat is modulated by goal set[END_REF], it is oriented according to the cost/benefit ratio of the various cues present in the environment.

	. For example, if more
	relevant signals (i.e., maximizing the probability of survival) are presented, they should receive more
	attention even if they do not convey threat. Indeed, in context of danger, safety signals (i.e., increasing
	the probability of escaping an aversive stimulus) induced greater attentional capture than those

conveying threat

[START_REF] Vogt | Safety first: Instrumentality for reaching safety determines attention allocation under threat[END_REF]

. Since attention cannot be easily dissociated from motivational processes (Okon-Singer, Lichtenstein-Vidne,

[START_REF] Okon-Singer | Dynamic modulation of emotional processing[END_REF][START_REF] Pessoa | Emotion processing and the amygdala: from a'low road'to'many roads' of evaluating biological significance[END_REF] Vogt, De Houwer, 

Table 2 - 3 -

 23 Effect of "being under threat" on several socio-cognitive mechanisms reported in 34 articles on the literature.

  fact, identifying whether one still includes others in his action plans when feeling threatened and under what conditions is crucial: (i) to understand which strategy set up and (ii) to challenge theoretical positions. For example, if we observe that co-representation mechanisms are completely shut down,

this could lead us to question the subjective reports of disaster survivors reporting cooperation. Results from Dezecache et al.

[START_REF] Dezecache | Nature and determinants of social actions during a mass shooting[END_REF] 

suggest that perception of danger boosts people's perception and investment in supportive action opportunities. Indeed, these latter are likely to offer immediate emotional or physical comfort. To confirm this, co-representation should be influenced by the ability of my social partners around me to provide this comfort. Similarly, investigating simultaneously how the two messages conveyed by fearful face are processed (i.e., affiliation vs. danger) would be a possible proxy for inferring incentives influencing the motivational balance. Under threat, individual could stop processing social signals (i.e., such as perceiving fear from others, independently of gaze direction) which would likely be underlined by an asocial strategy. Conversely, threat could boost the processing of either social signals communicating the presence of danger (i.e., gaze with an averted gaze) to quickly locate its position (to maximize individuals' own survival) or signals communicating a request for affiliation (i.e., direct fearful face), which would be the result of a cooperative strategy.

Table 6

 6 

	-1) showed that an

Table 6 -

 6 1. Bayesian information criterion (BIC) for each context and each model candidate

Table 7 - 1 :

 71 Coefficients and p-values for the linear regressions on Skin Conductance Level and Subjective reports of Anxiety including anxiety temperament (STAI-Trait), the duration of the experiment (Time) and the social context (Co-presence of others or not) as regressors.

Table 7 -

 7 

3: Comparison of research methods to investigate threat. Adapted from Kinateder, Ronchi, Nilsson, et al. (2014).

  Distribution of STAI-State, STAI-Trait and LSAS for each group Note. Type III Sum of Squares ᵃ Mauchly's test of sphericity indicates that the assumption of sphericity is violated (p < .05). Note. Type III Sum of Squares ᵃ Mauchly's test of sphericity indicates that the assumption of sphericity is violated (p < .05).

	Greenhouse-Geisser Condition ✻ Gaze ✻ Intensity ✻ SVO None	9925.309 115.272 6677.195 7.000	86.103 953.885	0.70 4	0.669 0.025
	Gaze ✻ Intensity Residual	None Greenhouse-Geisser Greenhouse-Geisser None	2512.335 2512.335 6677.195 265632.500 196.000 7.000 4.863 5.211	358.905 516.591 1281.430 1355.268	6.961 < .001 0.199 0.70 0.627 0.025 4 6.961 < .001 0.199
	Gaze ✻ Intensity ✻ SVO None Greenhouse-Geisser Greenhouse-Geisser	174.048 174.048 265632.500 145.901 7.000 4.863	24.864 35.788 1820.639	0.482 0.847 0.017 0.482 0.784 0.017
	Residual	None	10106.101 196.000	51.562		
		Greenhouse-Geisser	10106.101 136.172	74.216		
	Condition ✻ Gaze ✻ Intensity	None	338.469 ᵃ 7.000 ᵃ	48.353 ᵃ 1.161 ᵃ 0.327 ᵃ 0.040
		Greenhouse-Geisser	338.469 ᵃ 4.974 ᵃ	68.048 ᵃ 1.161 ᵃ 0.332 ᵃ 0.040
	Condition ✻ Gaze ✻ Intensity ✻ SVO	None	252.828 ᵃ 7.000 ᵃ	36.118 ᵃ 0.867 ᵃ 0.533 ᵃ 0.030
		Greenhouse-Geisser	252.828 ᵃ 4.974 ᵃ	50.830 ᵃ 0.867 ᵃ 0.504 ᵃ 0.030
	Residual	None	8162.802 196.000	41.647		
		Greenhouse-Geisser	8162.802 139.271	58.611		
	Table S6-17. Within-Subjects Effects of Repeated Measures ANOVA (Condition, Gaze & Intensity) on RT
	with Z-score SVO						
		Sphericity Correction	Sum of Squares	df	Mean Square F	p	η² p
	Condition	None	6521.464	1.000	6521.464	0.42 3	0.521 0.015
		Greenhouse-Geisser	6521.464	1.000	6521.464	0.42 3	0.521 0.015
	Condition ✻ SVO	None	3147.325	1.000	3147.325	0.20 4	0.655 0.007
		Greenhouse-Geisser	3147.325	1.000	3147.325	0.20 4	0.655 0.007
	Residual	None	431691.763 28.000 15417.563		
		Greenhouse-Geisser	431691.763 28.000 15417.563		
	Gaze	None	18291.461	1.000 18291.461	8.06 7	0.008 0.224
		Greenhouse-Geisser	18291.461	1.000 18291.461	8.06 7	0.008 0.224
	Gaze ✻ SVO	None	578.109	1.000	578.109	0.25 5	0.618 0.009
		Greenhouse-Geisser	578.109	1.000	578.109	0.25 5	0.618 0.009

  RÉSUMÉNos réactions en réponse à une menace ont très été souvent considérées comme individualistes et antisociales. Cependant, plus de cinquante ans de recherche en sociologie et en psychologie sociale indiquent que les humains favorisent des stratégies sociales lorsqu'ils sont en danger. En effet, des cas de coopération et d'entraide sont souvent rapportés dans la littérature sur les catastrophes naturelles ou sur les attentats. Pour mettre en oeuvre de telles stratégies, il est nécessaire que des mécanismes cognitifs permettant de traiter les signaux sociaux véhiculés par les autres afin d'agir avec eux soient : mise en place, maintenus et voire optimisés en situations d'anxiété intense. Comprendre comment le danger reconfigure la perception de notre environnement social, comment nous représentons les autres et leurs actions, ainsi que les motivations sous-jacent à de telles stratégies, représente un défi théorique important. Pour aborder cette question, nous avons mené 3 études. Dans la première, nous avons validé une méthode intra-sujet pour induire de l'anxiété de manière soutenue et stable : le paradigme du 'Threat-of-Scream' qui consiste à alterner des blocs dans lesquels les participants sont à risque d'entendre des cris de détresse aversifs à tout moment (blocs de menace) avec des blocs dans lesquels ils ne sont pas du tout exposés à des stimuli aversifs (blocs de sécurité). Dans une deuxième étude, nous avons utilisé cette procédure pour étudier comment la co-représentation d'action (c'est-à-dire la capacité à intégrer automatiquement les actions d'autrui dans nos propres plans d'action pour faciliter la coordination de nos actions) est affectée sous la menace. Les résultats semblent montrer que la co-représentation (évaluée en mesurant l'amplitude de l'effet Simon Social) est maintenue en contextes de menace et semble être particulièrement accrue lorsque les participants sont exposés à un danger à proximité de partenaires en sécurité. Nos résultats suggèrent que la fonction potentielle de la co-représentation d'action pourrait être de promouvoir des stratégies sociales essentielles pour sa propre survie. Enfin, la troisième étude s'est intéressée à la manière dont les visages exprimant de la peur sont perçues sous la menace. En effet, selon la direction du regard qui leur est associée, ils peuvent être évalués soit comme signalant la présence d'une menace potentielle dans le milieu environnant (regard dévié), soit comme un signal de détresse et de besoin d'aide potentiel (regard direct). À l'aide d'une tâche de catégorisation, nous avons cherché à savoir si les signaux liés au danger ou les signaux de détresse étaient favorisés lorsque les participants étaient à risque d'entendre des cris aversifs. Nous avons observé que l'évaluation des signaux liés au danger véhiculés par les expressions faciales de peur est priorisée en contextes de menace, et cela sans moduler l'évaluation des signaux de détresse. Dans l'ensemble, nos résultats suggèrent que si les stratégies sociales sont maintenues sous la menace, elles pourraient être soutenues par des motivations d'autoprotection.

Cognition sociale ; Anxiété ; Prosocialité ; Menace ; Co-représentation ; Expression émotionnelle KEYWORDS Social Cognition ; Anxiety; Prosociality ; Threat ; Co-representation ; Emotional display

It is important to note that this model is currently under debate: it has been proposed by[START_REF] Ledoux | Using neuroscience to help understand fear and anxiety: a twosystem framework[END_REF] that the subjective and conscious response of fear and anxiety are underpinned by circuits different from those involved in physiological readiness and behavioral response. In any case, our argumentation makes also sense using this second model as physiological modulation has been observed.

As explained above, it is possible that during scream delivery, participants may go from a state of anxiety to a state of fear. The role of this transition in the observed phenomena will have to be monitored in future studies.

Intra-individual correlation

Reaction Time
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EXPERIMENTAL STUDIES Abstract

Progress in understanding the emergence of pathological anxiety depends on the availability of paradigms effective in inducing anxiety in a simple, consistent and sustained manner. The Threat-of-Shock paradigm has typically been used to elicit anxiety, but poses ethical issues when testing vulnerable populations. Moreover, it is not clear from past studies whether anxiety can be sustained in experiments of longer durations. Here, we present empirical support for an alternative approach, the 'Threat-of-Scream' paradigm, in which shocks are replaced by screams. In two studies, participants were repeatedly exposed to blocks in which they were at risk of hearing aversive screams at any time vs. blocks in which they were safe from screams. Contrary to previous 'Threat-of-Scream' studies, we ensured that our screams were neither harmful nor intolerable by presenting them at low intensity. We found higher subjective reports of anxiety, higher skin conductance levels, and a positive correlation between the two measures, in threat compared to safe blocks. These results were reproducible and we found no significant change over time. The unpredictable delivery of low intensity screams could become an essential part of a psychology toolkit, particularly when investigating the impact of anxiety in a diversity of cognitive functions and populations.
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Abstract

Several studies have shown that individuals automatically integrate the actions of other individuals into their own action plans, thus facilitating action coordination. What happens to this mechanism in situations of danger? This capacity could either be reduced, in order to allocate more cognitive resources for individualistic actions, or enhanced to better cooperate under threat. In order to determine the impact of the perception of danger on this capacity, two groups of participants carried out, in pairs, the Simon Social task, which provides a measure of co-representation. The task was performed during so-called 'threat blocks' (during which participants could be exposed at any time to an aversive stimulus) and so-called 'safety blocks' (during which no aversive stimulation could occur). In a first group of participants, both individuals were exposed at the same time to threat blocks. In a second group, only one of the two participants was exposed to them at a time. Our results indicate that corepresentation, an important cognitive mechanism for cooperation, (i) is preserved in situations of danger; and (ii) is reinforced in participants who are confronted alone to threat but in the presence of a safe partner. This last result suggests that one possible function of co-representation could be to recruit social support, both in everyday life and in dangerous contexts.

Methods

Figure 5-1: Experimental Design. (A) Experimental Settings. Participants in dyads performed the Social Simon task, while either sharing (Common) or not (Non-Common) the experimental context. The blue color bands on the screen indicated to participants that they could be exposed at any time to distress screams (threat blocks) while green color bands indicated that no such screams will be delivered (safe blocks). Participant, whether from the Common or the Non-Common group, performed the Social Simon task alternating threat and safe blocks, and the nature of the first block was counterbalanced across participants. Each participant was responsible for one color cue (e.g. participant 1violet, participant 2 -grey) by pressing the associated key-press (e.g. participant 1left, participant 2 -right). (B) Temporal organization of one block (here for the Non-Common Group). Each block began with a one-minute baseline to measure participants' skin conductance before the block. A written sentence was then presented for 10 sec, providing information about the upcoming nature of the block (Safe or Threat) for each participant. At the end of the Social Simon task, participants were requested to rate their anxiety level during the block on a continuous scale. (C) Temporal Organization of a trial (here for the Non-Common Group). Each trial started with a fixation screen for 500ms. A colored cue then appeared for only 150ms followed by the presentation of a screen without the color cue until participant's response. Skin conductance activity was measured throughout the task and compared to the Baseline. 
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Abstract

Exposure to threat are almost always social phenomena. Under threat, the combinations of fearful display and gaze orientation emitted by others can provide crucial information about the presence and location of the danger, but also as to whether the signaler is in need or can provide mutual support.

While it has been shown that the processing of fearful faces is prioritized under threat, the question remains as to whether the processing of one of the two social meanings conveyed by fearful displays and gaze combinations (signaling danger vs. distress/affiliation) is facilitated when observers are themselves under threat. To address this question, we ran two experiments. The first experiment shows that the appraisal of the two social meanings (signaling danger vs. signaling a need for help / distress) indeed differ between fearful displays associated with either averted or direct gaze respectively. In the second study, participants performed a categorization task (neutral vs. fear) under safe or threatinduced anxiety contexts, while gaze direction and intensity levels of facial expressions were manipulated. Results from classical and model-based analyses indicate that participants' tendency to interpret facial expressions as expressing fear when associated with averted gaze is enhanced when they are in a sustained state of anxiety (under threat) as compared to in a safe state. Altogether, our findings suggest that, under threat, the social signals that convey information about the presence and location of the danger, such as the combinations of fearful facial displays and averted gaze, are prioritized. discriminated fear from neutral expressions). Participants were identified as outliers if the mean of one of the scores deviated from the mean group by 2 SD. Two participants were outliers for the quality score (MeanGroup = 98.26% ± 8.14%, thresholdOutlier = 81.98%) and 4 for the categorization score (MeanGroup = 94.91% ± 7.69%, thresholdOutlier = 79.56%). After excluding those participants, the final data sample included 78 participants (50 females, 28.6 y.o. ± 9.2 SD)

Repeated-measures ANOVAs

We ran three-way repeated-measures ANOVAs with Question (Danger vs. Help), Emotion (Neutral vs. Fearful) and Gaze (Averted vs. Direct) as within-subject factors. Effect sizes (partial eta-squared, η²p) are reported together with F and p values. If gaze direction impacts on the appraisal of the social signals (danger vs. help) conveyed by fearful faces, a triple interaction should be observed.

Results and conclusion of study 1

While the ANOVA did not reveal any significant main effect of Question (F(1,77) = 1.57, p = 0.21, ƞ²p = 0.020), a main effect of Emotion was observed (F(1,77) = 805.89, p < 0.001, ƞ²p = 0.91), such that fearful faces were associated with higher scores for both questions as compared to neutral faces.

The ANOVA further revealed a main effect of Gaze (F(1,77) = 11.66, p = 0.001, ƞ²p = 0. 13), an interaction between Question and Emotion (F(1,77) = 13.75, p < 0.001, ƞ²p = 0.15), Question and Gaze (F(1,77) = 32.89, p < 0.001, ƞ²p = 0.30), and Emotion and Gaze (F(1,77) = 39.98, p < 0.001, ƞ²p = 0.34), further characterized by the triple interaction between Question, Emotion and Gaze (F(1,77) = 7.16, p = 0.009, ƞ²p = 0.085). While Danger scores were significantly higher for Averted as compared to Direct gaze for both Fearful and Neutral faces (see Figure 6-1), the Help scores were significantly higher for Direct as compared to Averted Fearful faces, but higher for Averted as compared to Direct Neutral faces (see Supplementary Materials for full results in Tables S6-1 andS6-2). Fifty-six of the 78 participants (71%) reported higher Danger scores for Averted compared to Direct Fearful faces, while 60 of the 78 participants (77%) reported higher Help scores to Direct as compared to Averted Fearful faces. emitted gaze acts as an important contextual information that facilitate the interpretation of fearful facial signals (e.g. El Zein et al. 2015).

Study 2

To determine whether the processing of one of the two social meanings conveyed by fearful displays and gaze combinations is facilitated when observers are themselves under threat, a new group of participants performed a categorization task under safe or threat-induced anxiety contexts while varying gaze direction and intensity levels of fearful expressions.

Materials and methods

Participants

Thirty-two healthy volunteers (17 females, 23 y.o. ± 4.4 SD) were recruited to participate in Study 2 (a sample of the same magnitude as that recruited in Bublatzky et al. (2020)). All participants were right-handed, had normal or corrected-to-normal vision, and had no history of neurological or psychiatric disorders. The experimental protocol was approved by INSERM and the local research ethics committee (Comité de protection des personnes Ile de France III -Project CO7-28, N° Eudract: 207-A01125-48) and was carried out in accordance with the Declaration of Helsinki. Participants provided informed written consent and were compensated 20€ for their participation.

General Procedure

Participants were recruited via an online advert, which contained a link to a Qualtrics survey. Due to the potentially stressful nature of our paradigm and following discussion with the referent medical doctors of our laboratory, we requested that participants fill in, online and anonymously, the French versions of State-Trait Anxiety Inventory Spielberger (STAI, Spielberger, 1983) and Post-traumatic stress disorder Checklist Scale (PCLS, [START_REF] Weathers | The PTSD Checklist (PCL): Reliability, validity, and diagnostic utility[END_REF], at least one week before the experiment.

Only participants with a score below 40 for the PCLS and below 60 for both STAI state and trait anxiety were invited to contact the experimenter and could take part in the experiment. Also, two days prior participation, participants filled in online the Liebowitz Social Anxiety Scale (LSAS, [START_REF] Heimberg | Psychometric properties of the Liebowitz social anxiety scale[END_REF], the Trait-STAI questionnaire, Intolerance of Uncertainty Scale (IUS, [START_REF] Buhr | The intolerance of uncertainty scale: Psychometric properties of the English version[END_REF][START_REF] Freeston | Why do people worry?[END_REF] and the Social Value Orientation scale (SVO, [START_REF] Murphy | Social value orientation: Theoretical and measurement issues in the study of social preferences[END_REF]. Moreover, on the day of the experiment, upon arrival at our premises, participants completed the State-STAI questionnaire. This allowed us to ensure that their state level of anxiety was in the "normal" range (below 60) before the experimental session, which aimed at manipulating their anxiety (see Figures S6-1 for questionnaire scores distributions).

(proportion of fear response, RT, model parameters). To do so, we re-ran the above-described ANOVAs with the scores of the SVO questionnaire as co-variable.

For all analyses, effect sizes (partial eta-squared, η²p) are reported together with F and p values. We applied the Greenhouse-Geisser correction to correct for deviations from the assumption of sphericity (the corrected P corrected and the GG-ε are reported)

Results study 2

Subjective reports of anxiety

Participants reported higher scores on the anxiety scale at the end of Threat (M = 28.1, SE = 

Proportion of fear response

The ANOVA revealed a main effect of Intensity (F(7,203) = 247.31, pcorr < 0.001, GG-ε = 0.20, ƞ²p = 0.90), as the proportion of fear responses increased with the strength of emotional evidence for fear displays. The main effect of Gaze was also significant (F(1,29) = 23.34, p < 0.001, ƞ²p = 0.45), as faces associated with an averted gaze were more often categorized as expressing fear as compared to faces associated with direct gaze. These two main effects were further characterized by an interaction between Gaze and Intensity (F(7,203) = 7.50, p < 0.001, ƞ²p = 0.21), where the effect of gaze on the proportion of fear responses was smaller for strong emotion evidence. While no effect of Condition was found (F(1,29) = 0.71, p = 0.41, ƞ²p = 0.024), the Condition by Gaze interaction was significant (F(1,29) = 5.00, p = 0.033, ƞ²p = 0.15): the difference in proportion of fear responses between averted and direct gaze was higher under Threat than Safe contexts (see figure 6-4A). Neither the Condition by Intensity interaction (F(7,203) = 1.79, pcorr = 0.13, GG-ε = 0.59, ƞ²p = 0.058) nor the Condition by Gaze by Intensity interaction (F(7,203) = 1.15, pcorr = 0.34, GG-ε = 0.68, ƞ²p = 0.038) were significant. 
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CHAPTER 7 SOCIAL COGNITION UNDER ANXIETY-INDUCING CONTEXTS

1-Summary of the findings

The neuroscience literature seldom includes the presence of others in models of defensive reactions to danger. By contrast, the social sciences (but also the ethological community) emphasizes the importance of others (their presence and potential recruitment) for individual survival. The fact that organisms are social in contexts of exposure to danger means we should renew our account of how we process threat information, when we are ourselves under threat.

Then, what happens to social cognition when we face a danger? Our approach was to investigate whether some of the mechanisms involved in emotional perception and joint action are modulated under threat. In order to perform collective action with others, we need to take them into account: we need to perceive the signals they conveyed and to adapt our action to them.

To place people in threat situations, we validated a tool able to generate anxiety episodes (a major component of threat) using unpredictable delivery of aversive distress screams, in order to investigate how it modulates action co-representation and perception of danger-related and distress-related signals conveyed by our congeners. Specifically, this dissertation detailed 3 studies designed to investigate how social cognition is transformed under threat:

-(1) the validation of the threat-of-scream paradigm by using skin conductance activity and subjective reports as proxy of the induced anxiety state (Chapter 4), -(2) how the social Simon effect, a proxy of how much participants represented the action of their copartners, is modulated under a threat-of-scream procedure (Chapter 5), -(3) how fearful faces, relevant social signals observable during a dangerous situation, are processed under a threat-of-scream procedure (Chapter 6).

Furthermore, we tried to understand why human social abilities are maintained (or not) under threat.

To do so, we changed the social message of different contextual cues while assessing action and perception under threat. We assumed that the function of social cognition under threat could be inferred by how the action-perception loop is influenced by the presence of others and the modulation of the social signals they conveyed. We will detail for each study how these factors were experimentally operationalized.

CHAPTER 7 SOCIAL COGNITION UNDER ANXIETY-INDUCING CONTEXTS

1.1-Validation of the Threat-of-Scream

To investigate the modulation of socio-cognitive functions under threat in a lab-controlled environment, through an ethical and easy way, we validated a new version the threat-of-screams paradigm [START_REF] Patel | Interaction of induced anxiety and verbal working memory: influence of trait anxiety[END_REF][START_REF] Patel | Interaction of threat and verbal working memory in adolescents[END_REF]. It is an experimental tool modulating anxiety in a within-subject design by delivering (threat blocks) or not (safe blocks) unpredictable low-intensity aversive screams.

Importantly, we checked that the anxiety manipulation was efficient during one hour without habituation. Thus, we assessed the skin conductance level (SCL), used as a proxy of physiological anxiety, on 26 participants and their subjective reports of anxiety during threat and safe blocks. We observed that both SCL and subjective reports increased when participants were exposed to 70dB aversive distress screams compared to when they were in safe blocks. The physiological increase was constant through time while participants reported to be less stressed at the end of the experiment compared to the beginning. These results were replicated in a second group of 33 participants.

Interestingly, emotion coherence was found in both groups, as an intra-individual correlation between our two anxiety measures was revealed. However, the anxiety trait of participants did not interact with any results previously revealed in this study. Altogether, this suggests that the threat-of-screams paradigm is an efficient tool to manipulate participant feelings of being threatened which appears by a robust physiological and subjective emotion episode.

1.2-Action co-representation under threat

Successful social interactions require integrating information from others while being able to distinguish them from our own representation [START_REF] Milward | Mechanisms and development of selfother distinction in dyads and groups[END_REF]. Using the Social Simon Task [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF] under a threat-of-scream procedure, we explored whether self-other integration was shut down, maintained or boosted under threat. To best explain the incentives behind potential changes in action co-representation under threat, participants performed the task either with a second threatened participant (N=40) or either with a safe participant (N=38). First, results showed that Social Simon Effect were not significantly different when both participants were together under threat or under safe blocks. Second, the Social Simon Effect was higher when only one participant was threatened in co-presence with a safe partner. Finally, to examine the involvement of sharing the experimental room with a second participant during threat-anxiety inducing context, a third group of participants performed the classical version of the Simon task (one participant responsible for the twocolored cues) with alternating threat and safe blocks. Interestingly, we observed a phenomenon akin to social buffering, as subjective reports of anxiety and skin conductance level were together lower when the task was performed with a second participant than alone. Altogether, these results suggest that participants benefited from the presence of others as it reduced their anxiety. Also, co-representation is maintained when participant felt threatened, confirming that social cognition is still engaged under a threat-of-scream procedure. Interestingly, we observed that co-representation is increased under threat when one participant is near of a safe one. This effect may be explained by representing the safe participant as an available resource of help. Under this interpretation, the function of co-representation could be to recruit social support (notably when we feel threatened).

1.3-Perception of fear emotional displays under threat

When human-beings face a threatening situation, they are surrounded by different kinds of source of information [START_REF] Haghani | How simple hypothetical-choice experiments can be utilized to learn humans' navigational escape decisions in emergencies[END_REF]. The detection of threat and relevant safety cues in our environment is crucial for individual's survival as theses clues allow us to choose the most appropriate defensive responses [START_REF] Davidson | The privileged status of emotion in the brain[END_REF][START_REF] Öhman | Of snakes and faces: An evolutionary perspective on the psychology of fear[END_REF][START_REF] Öhman | Fears, phobias, and preparedness: toward an evolved module of fear and fear learning[END_REF]. One major social signal conveyed under threat are fearful emotional displays. Fearful emotional displays convey two signals depending of gaze orientation: averted gaze informs on the position of a potential danger while direct gaze is associated with signal of distress, and potentially seeking support from others (these two spontaneous interpretations were confirmed by an online experiment we conducted, which is detailed in Chapter 6). Using a Fear-Neutral categorization task combined with a threat-of-scream procedure, our results suggest that being threatened favors the detection of danger-related signals, without changing our perception of distress ones. Model-based analyses of the behavioral data revealed that in both threat and safe contexts, averted gaze direction biases the interpretation of facial expressions (whether neutral or fearful) in favor of the fear responses, a shift of the decision criterion that was enhanced under threat. We proposed that, under threat, participants are more prone to interpret facial displays as fear when associated with an averted gaze, a bias which may be useful to maximize safety.

1.4-Conclusion of the findings

During this Ph.D. project, we first succeeded to validate a psychological toolkit to investigate how the sense-of-being threatened, associated with an anxiety episode (physiological and subjective manifestation), impact socio-cognitive mechanisms. We therefore used this tool to investigate how being under threat impact two crucial functions for human interactions: representing others' actions and processing of non-verbal signals conveyed by human faces. First, our results showed that social cognition is still at work under threat. Thus, it is relevant to integrate social cognition when modelling human defensive reactions. In both studies, participants were particularly sensitive to danger-related cues and the presence of safety partners. We proposed that participants' prioritization of these contextual cues can be explained by the fact that they possibly bring auto-protection advantages (i.e. maximizing survival). Obviously, our experiments are not without limitations which challenge this evidence remains too low to provide a theoretical framework that would allow us to clearly predict reactions of individuals in threatening situations. Nevertheless, a few lines of thought can be opened up.

A particularly interesting starting point for thinking about the influence of others on defensive reactions would be Oliveira and Faustino's opinion paper "Social information use in threat perception" published in 2017 [START_REF] Oliveira | Social information use in threat perception: Social buffering, contagion and facilitation of alarm responses[END_REF]. Based on collective defensive reactions observed in animal kingdom, the authors proposed a unifying conceptual framework describing the influence of three different social mechanisms on threat responses (see Table 7-2 Influence of the type of social information on threat response. Direct threat information corresponds to the threat information perceived by the individual. Social information represents the threat signal conveyed by social partners. Individual threat response is the combination of both information. Depending of the social cue conveyed by others, it can be initiated, amplified or attenuated the initial threat defensive response. Adapted from [START_REF] Oliveira | Social information use in threat perception: Social buffering, contagion and facilitation of alarm responses[END_REF].

To what extent, our results might contribute to the model we presented at the beginning of the manuscript? First of all, it is important to consider where we are in the spatio-temporal axis of this model when the participants carry out a threat-of-scream procedure. This axis is subdivided into four phases (see Figure 7-1): safe, pre-encounter threat, post-encounter threat and circa-strike threat.

During the threat blocks, the participants know that they can receive an aversive stimulus at any time: they are in anticipation of an approaching threat. Consequently, participants would be in the postencounter phase (i.e. the threat is present but not attacking). It is possible that, during screams delivery, participants enter and then leave the circa-strike phase. It would be very interesting to investigate later

SUPPLEMENTARY INFORMATION 1

SUPPLEMENTARY MATERIAL AND APPENDIX TO CHAPTER 4

Supplementary Material

Description

The present work aimed at assessing the efficiency of a new version of TOSc paradigm during which we delivered unpredictable human distress screams at low intensity (70dB instead of 95dB used in the past). In the main manuscript, we discussed findings related to tonic skin conductance activity (which represent the physiological activity of participant through the entire block) and subjective scores of anxiety reported by participants at the end of each block. This supplementary document provides detailed about the Methods (the characteristics of the sampling distribution, debriefing that concluded the experimental session, signal quality check) as well as the tabs of results for all the analyses reported in the main text (Statistics, Repeated Measures ANOVA, Post Hoc Comparisons and One Sample T-Test Against Zero).

Methods -Supplementary information

Participants

We provide the mean and SD, as well as the distribution of scores to STAI state and trait questionnaires, for each experiment. 

SUPPLEMENTARY INFORMATION 1 SUPPLEMENTARY MATERIAL AND APPENDIX TO CHAPTER 4 Experiment 1 -Supplementary results

Skin Conductance Level

STAI-Trait and Intra-individual correlation

Experiment 2 -Supplementary results

Skin Conductance Level

Appendix to Chapter 4

Cardiac activity was recorded on participants from study one for exploratory purposes in order to understand if our results were replicable on a second physiological variable. The cardiac acquisition and processing were based on the study of Messerotti Benvenuti and colleagues [START_REF] Messerotti Benvenuti | Somatic, but not cognitiveaffective, symptoms are associated with reduced heart rate variability in individuals with dysphoria[END_REF]. The electrocardiogram (ECG) was recorded using Ag/AgCl surface electrodes. They were placed on the participant's chest in a lead II configuration. A band-pass filtered (0.3-100 Hz) was applied on one signal and were digitized at a sample rate of 1000 Hz. For
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Supplementary Material

Description

The present work investigates how the social Simon Effect (used as a proxy for co-representation of action) is modified under a shared (or not) threat context (Common vs. Non Common Group). To do so, we merge the Social Simon task designed by [START_REF] Sebanz | Representing others' actions: just like one's own?[END_REF] with a threat-of-scream procedure.

We used SCL and subjective reports of anxiety to assess the efficiency of the threat-of-scream procedure and analyzed RT to compute the Social Simon Effect. This supplementary document provides details about the Methods as well as the full tables for all the analyses reported in the main text. We also report on a supplementary study corresponding to a classical version of Simon task (one participant responsible for the two color cues) with alternating threat and safe blocks. This supplementary study allowed us to check the differences between a solo and joint design about anxiety and cognitive interference. We observed two interesting results. First, threat didn't impact the classical Simon effect suggesting that the effect of threat on the Social Simon is specific to a joint design. Then, we observed that anxiety induction is stronger when participant is alone, suggesting that the presence of conspecifics mitigates anxiety of participants. All the methods, results and tabs related to this supplementary study are available in this document.

Summary

-Supplementary Results-Social Simon: tabs for Social Simon (Common and NonCommon Group) -Supplementary Study-Classical Simon: Methods and results for the Classical Simon (Alone Group) including "Exploratory result-Social Buffering" part in which we compared the anxiety induction between the 3 groups.

-Demographic Information: Auto-questionnaire, Gender, Age for the 3 Groups

SUPPLEMENTARY INFORMATION 2 SUPPLEMENTARY MATERIAL AND APPENDIX TO CHAPTER 5 Supplementary Results -Social Simon

Skin Conductance Level Subjective Anxiety Simon Effect -Group Common Simon Effect -Group NonCommon

Supplementary Study-Classical Simon

To better understand our effect in a joint design, we decided to investigate the classical Simon effect (where one participant takes charge of all responses) under threat. First, it will help us understand whether threat impacts co-representation or merely cognitive performance, independently of the social nature of the Social Simon task. If results showed that threat doesn't impact the Simon effect while it modifies alter-centric interference during the Social Simon task, this difference should necessarily be conditioned by the social context. Then, it will allow us to control if our anxiety manipulation is sensitive to the presence of an affiliative conspecifics in the experimental room.

Materials and Methods

Thirty-eight healthy volunteers (19 females, 22.9 age ± 2.8 years SD) were recruited similarly than for the social Simon task. Here, participants performed the classical version of the Simon task through safe and threat blocks [START_REF] Hommel | The Simon effect as tool and heuristic[END_REF][START_REF] Simon | Auditory SR compatibility: the effect of an irrelevant cue on information processing[END_REF]. In this case, the participant was alone and responsible for the 2 key-color cue associations. Participants responded using their 2 thumbs to facilitate the recording of SCL. The temporal organization of a trial, the number of trials and the temporal organization of blocks as well as the number of blocks were the same than for the Social Simon version. Regarding skin conductance recording, as participant needed to use their non-dominant hand to answer, electrodes were exceptionally attached to the middle phalanges of the middle and ring fingers. Otherwise, the same set up was applied on SCL recording. To control that participant answers Reaction Time ANOVA revealed a significant trend to a main effect of Condition on RT suggesting that reaction time was faster in threat block compared to safe. ANOVA revealed a main effect of Congruency on RT, typical of the Simon effect. Participant answered slowly during incongruent trials compared to congruent ones. But interaction between Congruency and Condition was found not significant. T-test against zero suggested that the Simon Effect was induced in both conditions (Figure S5-1C).

Demographic Information

First, we provide here the characteristics of each Group (age, gender, auto-questionnaire scores for STAI and LSAS) and the distributions of scores for each auto-questionnaire. Then, we checked if participants were similar in general and social anxiety trait as well as anxiety state scores (assessed by the auto-questionnaires). Anova revealed that NonCommon Group was associated with a score of general anxiety trait slightly higher than the Alone Group (MeanDifference = 4.92, SE = 2.04, p = 0.052). Otherwise, no other difference was found significant between our three groups.

Appendix to Chapter 5

This article is currently under revision. Integrating the remarks of reviewers was not possible before the submission of this dissertation. I believed that it is important for the readers to be aware of the main criticisms noticed by the reviewers to judge the quality of this study now that it has been peer-reviewed.

Both reviewers appreciated the research question and the approach we have chosen to answer it. At the same time, they raised a series of critical yet constructive comments. I will summarize here the main remarks of the review.

First, reviewers reminded us that it is complicated to conclude on a null effect: reviewers suggested that this study doesn't provide evidence that "co-representation is preserved under threat". Then, they discussed the possibility that our sample size is probably too small for a between-subject comparison and that our p-value is close to statistical significance. They questioned the possibility that our effect is a false positive. In addition, they believed that our correlation in the common group is likely to be driven by four outliers (two on the lower and two on the upper side). For them, Bayesian statistics are recommended to understand the level of evidence bring by our study.

Then, the reviewers wondered if our results can really be interpreted in terms of altruism and selfpreservative motives in a task in which there is no potential for self-preservative or helping behaviors. Indeed, participants are independently responsible for one color cue and threat is independent of participants' behaviors. Moreover, the difference of reaction time could be explained by low-level interpretations.

We want to thank the reviewers and the editor for theirs comments and we will try to discuss part of them inside the discussion part of this dissertation.
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Supplementary Material

Description

The present work aimed at assessing (i) the influence of gaze direction (direct / averted) on the communication functions of fearful faces (distress signal / danger signal); (ii) the impact of threat on distress versus danger signal prioritization. First, we confirmed that gaze orientation modulates the signal conveyed by fearful faces: direct gaze is more associated with a need-for-help signal while averted gaze is more associated with danger-related information. Then, we showed that threat induce a bias in the detection of danger-related information, without impacting the perception of affiliation signals.

This supplementary document provides details about the Methods (the characteristics of the sampling distribution and debriefing that concluded the experimental session of study 2) as well as the tabs of results for all the analyses reported in the main manuscript. 

SUPPLEMENTARY INFORMATION 3 SUPPLEMENTARY MATERIAL AND APPENDIX TO CHAPTER 6 Supplementary Results -Study One Supplementary Results -Study Two

Subjective Anxiety False Alarms Bias Parameter Social Orientation Value

Auto-questionnaire Scores

Appendix to Chapter 6

In addition to the appraisal online experiment and the Fear-Neutral Categorization task, we built a third experiment not reported in this article. We wanted to check (in a totally exploratory way) how face encoding is impacted under threat. We assumed that if threat promotes cognitive mechanisms such as perceiving (orienting attention) the ones able to restore their homeostasis, participants will better encode faces under threat. To our knowledge, only three studies investigated this research question [START_REF] Bolton | The impact of threat of shock-induced anxiety on memory encoding and retrieval[END_REF][START_REF] Garibbo | The impact of threat of shock-induced anxiety on the neural substrates of memory encoding and retrieval[END_REF][START_REF] Schellhaas | Contextual source information modulates neural face processing in the absence of conscious recognition: A threat-of-shock study[END_REF]. Two of them [START_REF] Bolton | The impact of threat of shock-induced anxiety on memory encoding and retrieval[END_REF][START_REF] Garibbo | The impact of threat of shock-induced anxiety on the neural substrates of memory encoding and retrieval[END_REF]) observed a decrease of participant's performance in an old-new recognition task of faces presented under threat while one [START_REF] Schellhaas | Contextual source information modulates neural face processing in the absence of conscious recognition: A threat-of-shock study[END_REF] reported no effect of threat on retrieval abilities.

To test that, we also used an old-new task (see Figure A6-1). During the previously described categorization task, half of the identities (randomly assigned for each participant) were presented under threat, the other half under safe blocks: 18 identities were encoded under threat, while 18 identities were encoded during safe blocks. Following the categorization task, the same 32 participants performed an old-new task. They were instructed to report 1) if they already saw the face during the previous experiment and 2) the context of the presentation (threat or safe blocks). The experiment was composed of 68 trials with 36 old faces coming from the Radboud Face Data [START_REF] Karlinsky | Presentation and validation of the Radboud Faces Database[END_REF] and 32 news faces coming from Chicago Face Database [START_REF] Ma | The Chicago face database: A free stimulus set of faces and norming data[END_REF]. The new faces were similarly modified as the faces we used in the categorization task. Each trial was initiated with a white oval delimiting the faces that remained throughout the trial. The white oval appeared for approximately 500ms, followed by a white fixation point presented at eye level for approximately 1000ms. Then, the face was displayed for 1.3s. After face offset, participants were asked to answer (up to 5 seconds) the question "Did you see this face in the previous experiment?". If the participant answered yes, they needed to precise if they saw this face under threat or safe block (again up to 5s to answer). Altogether, these results suggest that anxiety did not favor face encoding. Our results are consistent with similar studies which investigated social memory under threat. However, the MEG investigation led by [START_REF] Schellhaas | Contextual source information modulates neural face processing in the absence of conscious recognition: A threat-of-shock study[END_REF] of the neural signatures of encoding and retrieval processes showed sustained activation of several clusters involved in early attention directed toward motivationally relevant information. These MEG clusters suggest faces to be relevant under threat even if participants are not able to remember their identities. In our case, it is important to mention that one of our main experimental factors is gaze direction. Under threat, participants tended to exaggerate the threat information conveyed by fearful face, by reporting seeing fear more often when the face was associated with an averted gaze. We believe that this result is consistent with an amplified bias under threat for averted gazes. This kind of bias suggests that others are more a source of information than support in threat situations. Thus, it is not surprising, based on our hypothesis, that the encoding is not improved. In addition, several studies have shown a cueing effect of the gaze, especially when it is associated with fear emotional display [START_REF] Bayliss | Gaze cueing elicited by emotional faces is influenced by affective context[END_REF]Kuhn & Tipples, 2011;[START_REF] Mathews | The face of fear: Effects of eye gaze and emotion on visual attention[END_REF][START_REF] Putman | Anxiety meets fear in perception of dynamic expressive gaze[END_REF][START_REF] Tipples | Fear and fearfulness potentiate automatic orienting to eye gaze[END_REF]. It is therefore very likely that participants did not focus on the face but on the environment around it. A replication using eye-tracking could confirm this hypothesis.
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Articles

During my master's and doctoral training, I had the opportunity to participate in several other experiments that resulted in published (or future) articles:

Self in the other: social contact enhances bodily self-awareness irrespective of sensory modality.

Hazem N., Beaurenaut M., George N., Conty L. ( 2018) -Scientific Reports

Abstract

Human self-awareness is arguably the most important and revealing question of modern sciences.

Converging theoretical perspectives link self-awareness and social abilities in human beings. In particular, mutual engagement during social interactions-or social contact-would boost selfawareness. Yet, empirical evidence for this effect is scarce. We recently showed that the perception of eye contact induces enhanced bodily self-awareness. Here, we aimed at extending these findings by testing the influence of social contact in auditory and tactile modalities, in order to demonstrate that social contact enhances bodily self-awareness irrespective of sensory modality. In a first experiment, participants were exposed to hearing their own first name (as compared to another unfamiliar name and noise). In a second experiment, human touch (as compared to brush touch and no-touch) was used as the social contact cue. In both experiments, participants demonstrated more accurate rating of their bodily reactions in response to emotional pictures following the social contact condition-a proxy of bodily self-awareness. Further analyses indicated that the effect of social contact was comparable across tactile, auditory and visual modalities. These results provide the first direct empirical evidence in support of the essential social nature of human self-awareness.

Does social contact influence bodily self-awareness independently of the contact modality?

Hazem N., Beaurenaut M., George N., Conty L. ( 2016) -International Journal of Psychophysiology (conference paper) I've also been involved in several on-going project inside the team led by Julie Grèzes and Rocco

Mennella on the contribution of goal-directed processes during decision-making in socio-emotional contexts (implying motor kinematics, reinforcement learning or neuroimaging). Data are still under analysis.
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