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Figure 1: The stare-in-the-crowd effect describes the tendency of humans in noticing and observing, more frequently and for longer time, gazes oriented toward them (directed gaze) than gazes directed elsewhere (averted gaze). This work analyses the presence of such an effect in VR and its relationship with social anxiety levels. The figure above shows an example of the user's view during our experiment. All agents, except the woman in the front row wearing a black jacket, have their gaze averted.

ABSTRACT

Nonverbal cues are paramount in real-world interactions. Among these cues, gaze has received much attention in the literature. In particular, previous work has shown a search asymmetry between directed and averted gaze towards the observer using photographic stimuli, with faster detection and longer fixation towards directed gaze by the observer. This is known as the stare-in-the-crowd effect. In this study, we investigate whether stare-in-the crowd effect is preserved in Virtual Reality (VR). To this end, we designed a within-subject experiment where 30 human users were immersed in a virtual environment in front of an audience of 11 virtual agents following 4 different gaze behaviours. We analysed the user's gaze behaviour when observing the audience, computing fixations and dwell time. We also collected the users' social anxiety score using a post-experiment questionnaire to control for some potential influencing factors. Results show that the stare-in-the-crowd effect is preserved in VR, as demonstrated by the significant differences between gaze behaviours, similarly to what was found in previous studies using photographic stimuli. Additionally, we found a negative correlation between dwell time towards directed gazes and users' social anxiety scores. Such results are encouraging for the development of expressive and reactive virtual humans, which can be animated to express natural interactive behaviour.

INTRODUCTION

Immersion in virtual worlds populated by autonomous humans necessarily raises the question of their interactions with the user. It is now widely demonstrated that the realism of the immersive world and the level of presence felt by the user is, at least partially, correlated to the interaction capabilities of the virtual humans [START_REF] Bente | Avatarmediated networking: Increasing social presence and interpersonal trust in net-based collaborations[END_REF][START_REF] Schuetzler | An investigation of conversational agent relevance, presence, and engagement[END_REF][START_REF] Von Der Pütten | it doesn't matter what you are!" explaining social effects of agents and avatars[END_REF].

The field covered by these interaction capacities and by their different modalities is very broad, therefore, we focus here on the non-verbal interaction capacities of virtual humans, to communicate a message by their attitudes, their gestures, their positions in relation to a user. More specifically, we are interested in the gaze behaviour of virtual humans and their perception by the users (see for example the overview of eye-gaze behaviour for virtual agents in [START_REF] Ruhland | A review of eye gaze in virtual agents, social robotics and hci: Behaviour generation, user interaction and perception[END_REF]).

In the current research, we are interested in the initiation of an interaction between virtual humans and a user, and we ask whether the virtual humans' gaze behaviour can be useful in initiating it. Can the gaze trigger a mutual gaze between the user and the virtual human? Can it focus the user's attention on it? Can this constitute the starting of an interaction through nonverbal communication?

These issues have been addressed outside the field of Virtual Reality (VR) through a protocol called the "stare-in-the-crowd effect" [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF], which demonstrated that when multiple faces are exposed to a subject during a visual search task, the detection of faces whose gaze is directed towards the subject is faster (vs. averted ones). It has also been shown that in free visual tasks, visual attention is affected by the presence of directed gaze among averted ones [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF].

While these observations were made primarily on the basis of photographic stimuli, in our work we question whether such effects are maintained when a user is immersed in VR. To answer that, we replicate the experiment of Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], adapting it to VR. We aim at analysing whether the presence of the stare-in-the-crowd effect is retained when observing a virtual crowd, as well as how it is affected by the self-assessed social anxiety levels of the users.

In Section 2, we give an overview of the related literature, and situate our work accordingly. In Section 3, we introduce the objective and hypotheses about our VR replication of the stare-in-the-crowd effect. Section 4 details the experiment, and Section 5 our results. We finally discuss them in Section 6 before concluding in Section 7.

RELATED WORK 2.1 Nonverbal communication behaviours

By definition, nonverbal communication refers to any interpersonal exchange that does not use spoken language. It relies on different interaction aspects, notably described in the studies of proxemics and kinesics, where posture and motion of the head, body, and limbs, and gaze behaviours are relevant cues of investigation [START_REF] Harrigan | New handbook of methods in nonverbal behavior research[END_REF]. Since nonverbal cues are paramount for humans in their daily social interactions [START_REF] Burgoon | Nonverbal communication skills[END_REF], previous studies have investigated (i) how to reproduce these cues in virtual environments, to make users interact with virtual agents [START_REF] Bailenson | Digital chameleons: Automatic assimilation of nonverbal gestures in immersive virtual environments[END_REF][START_REF] Pelachaud | Modelling multimodal expression of emotion in a virtual agent[END_REF][START_REF] Smith | Communication behavior in embodied virtual reality[END_REF], and (ii) to what extent effects induced by nonverbal communication cues could be reproduced in VR [START_REF] Bailenson | Transformed social interaction, augmented gaze, and social influence in immersive virtual environments[END_REF][START_REF] Bailenson | Interpersonal distance in immersive virtual environments[END_REF][START_REF] Bühler | Circumvention of pedestrians while walking in virtual and physical environments[END_REF][START_REF] Narang | Pedvr: Simulating gaze-based interactions between a real user and virtual crowds[END_REF].

When assessing VR users' social behaviours, it has been shown that the design of nonverbal behavioural cues of virtual characters can influence users' feelings in such populated environments. To measure these responses, estimations of presence and engagement have been used as an evaluation of the naturalness of users' interactions [START_REF] Allmendinger | Social presence in synchronous virtual learning situations: The role of nonverbal signals displayed by avatars[END_REF][START_REF] Hodge | Virtual reality classrooms: Strategies for creating a social presence[END_REF]. In social VR, the design of such cues also contributes to this naturalness. In this respect, Li et al. [START_REF] Li | Measuring and understanding photo sharing experiences in social virtual reality[END_REF] evaluated the presence, the interaction quality and its social meaning as felt by users, in a photo sharing task. They showed that VR users exhibited social interactions close to real-life behaviour, and that such behaviours were improved compared to only video-based exchange environments. Similarly, Roth et al. [START_REF] Roth | Effects of hybrid and synthetic social gaze in avatar-mediated interactions[END_REF] showed in a conversational task situation the importance of designing realistic gaze cues to improve presence.

Moreover, authors have shown the ecological validity of VR to reproduce real-life nonverbal communication human behaviours [START_REF] Pan | Why and how to use virtual reality to study human social interaction: The challenges of exploring a new research landscape[END_REF]. Iachini et al. [START_REF] Iachini | Peripersonal and interpersonal space in virtual and real environments: Effects of gender and age[END_REF] showed that proximity behaviour to virtual agents in VR resembles the proximity people exhibit in the real-world. For gaze behaviours in dyadic interactions, Bailenson et al. [START_REF] Bailenson | Equilibrium theory revisited: Mutual gaze and personal space in virtual environments[END_REF] showed the preservation of the equilibrium between mutual gaze and personal space distance in VR. Additionally, Garau et al. [START_REF] Garau | The impact of avatar realism and eye gaze control on perceived quality of communication in a shared immersive virtual environment[END_REF] showed the effect of an inferred-gaze model on perceived quality of communication in VR, compared to a random-gaze model. In line with this, Nummenmaa et al. [START_REF] Nummenmaa | I'll walk this way: Eyes reveal the direction of locomotion and make passersby look and go the other way[END_REF] showed the importance of VR users' interpretation of virtual agents' gaze cues in order to avoid collisions when navigating towards another them. For user-virtual agent interactions in the context of a crowd, Narang et al. [START_REF] Narang | Pedvr: Simulating gaze-based interactions between a real user and virtual crowds[END_REF] also confirmed the importance of the modelling of gaze interactions, reflected by an increase of the believability of the interaction when comparing it with and without using gaze models in the virtual environment.

To conclude, previous studies have shown the importance of nonverbal communication during interactions between a user and virtual agents, where VR is able to preserve real world behaviour, as assessed by the social behaviours of VR users among a virtual audience [START_REF] Iachini | Peripersonal and interpersonal space in virtual and real environments: Effects of gender and age[END_REF][START_REF] Nummenmaa | I'll walk this way: Eyes reveal the direction of locomotion and make passersby look and go the other way[END_REF] and by users self-assessments such as presence and engagement [START_REF] Chollet | Perception of virtual audiences[END_REF][START_REF] Glémarec | Indifferent or enthusiastic? virtual audiences animation and perception in virtual reality[END_REF]. In this paper, we are notably interested in gaze behaviour in the frame of its ability to initiate an interaction [START_REF] Mohammad | Reactive gaze control for natural humanrobot interactions[END_REF], which has received little attention in the VR literature. We will describe in the next section the so-called stare-in-the-crowd effect.

The stare-in-the-crowd effect

The stare-in-the-crowd effect is a gaze behaviour effect that reflects the existence of a search asymmetry between directed and averted gazes when users face a crowd: directed gazes are detected faster than averted ones and cause more frequent and longer fixations [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF]. Won Grunau and Anston [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF] showed this effect through the evaluation of a visual search task, i.e., detection of an averted gaze onto directed ones and vice versa, using photographic stimuli. Other previous work showed it with similar experimental designs [START_REF] Doi | Searching for a perceived stare in the crowd[END_REF][START_REF] Ramamoorthy | Fractionating the stare-in-the-crowd effect: Two distinct, obligatory biases in search for gaze[END_REF]. Additionally, the extendability of this effect has been evaluated using other stimuli. In this regard, Colombatto et al. [START_REF] Colombatto | Gazing without eyes: A "stare-in-the-crowd" effect induced by simple geometric shapes[END_REF] showed that 3D geometric shapes that appear to be facing users (cones) activate a stare-in-the-crowd effect, and that this was caused by their orientation and not by asymmetry nor contrast differences. They concluded that this effect is not necessarily due to a particular saliency of the eyes but rather due to the intentionality conveyed by the stimulation.

It should also be mentioned that some studies have mitigated the existence of the stare-in-the-crowd effect, notably by refuting the fact that this effect occurs in any configuration [START_REF] Cooper | Looking back at the stare-in-the-crowd effect: Staring eyes do not capture attention in visual search[END_REF][START_REF] Palanica | Measuring the stare-in-the-crowd effect using eye-tracking: Effects of task demands[END_REF][START_REF] Palanica | Searching for a perceived gaze direction using eye tracking[END_REF]. Palanica et al. [START_REF] Palanica | Searching for a perceived gaze direction using eye tracking[END_REF] found that this effect was strongly modulated by gazes positions in the crowd and by interactions of target position and gaze direction. It was also demonstrated that the nature of the task is relevant [START_REF] Palanica | Measuring the stare-in-the-crowd effect using eye-tracking: Effects of task demands[END_REF], i.e., between a visual search task where it is asked to detect the specific gaze and report its position in the crowd and one with detection only. For both tasks, a stare-in-the-crowd effect was found but not on the same aspects (accuracy vs. rapidity), while the effect of gaze positions in the crowd on the results was still present.

In this regard, to our knowledge, Cooper et al. [START_REF] Cooper | Looking back at the stare-in-the-crowd effect: Staring eyes do not capture attention in visual search[END_REF] found the most contrasting results in the literature regarding the stare-in-the-crowd effect. They focused on the original experimental design of Grunau and Anston [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF], addressing the study of the expected asymmetry about users' reaction time in favour of direct gazes. First, they succeeded in replicating Won Grunau and Anston's results [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF], using photographs-here with heads only. Then, their other experiments considered other gaze condition comparisons, notably with several kinds of averted gazes: these supported the absence of the stare-inthe-crowd effect as defined previously [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF]. As a result, this study can be considered for future studies as a caveat in favour of (i) the control on averted gaze stimuli, and against (ii) the use of the visual search paradigm to study the stare-in-the-crowd effect and (iii) the evaluation of the effect only over its rapidity asymmetry aspect.

Following Cooper et al. recommendations, Crehan et al.'s study is therefore of the utmost importance, since it proposes a new evaluation paradigm [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF]: the visual search task is replaced by an observation task, and the effect is measured through eye-tracking. With this paradigm and its associated metrics such as total gazing timedwell time, and first fixation time and duration, they also observed the stare-in-the-crowd effect, still using photographs -here with complete bodies. Moreover, they studied dynamic conditions, where gazes changed from averted to direct ones and vice-versa, replicating some natural eye-gaze interactions: being caught staring at someone and catching someone else staring. They found that these dynamic conditions affect user gaze behaviour similarly to directed gazes.

Social anxiety and gaze behaviour

Social anxiety is related to discomfort and avoidance of social situations due to one's fear of negative evaluation from the side of others [START_REF] Clark | A cognitive model. Social phobia: Diagnosis, assessment, and treatment[END_REF]. Such anxiety can be reflected by body cues such as heart rate increase, both in real-life situations [START_REF] Pittig | Heart rate and heart rate variability in panic, social anxiety, obsessive-compulsive, and generalized anxiety disorders at baseline and in response to relaxation and hyperventilation[END_REF] and virtual ones [START_REF] Kahlon | Virtual reality exposure therapy for adolescents with fear of public speaking: a non-randomized feasibility and pilot study[END_REF]. Another common trait of socially anxious people is a high sensibility to eye-contact, particularly elevated fear of direct gaze signal and avoidance of the eye-region of others [START_REF] Baker | Is social phobia related to lack of social skills? duration of skill-related behaviours and ratings of behavioural adequacy[END_REF]. This trait is pronounced for faces with an angry expression, as this signifies negative evaluation [START_REF] Horley | Social phobics do not see eye to eye:: A visual scanpath study of emotional expression processing[END_REF]. For neutral expressions, the fear can also be elevated when the gazes are averted, since this could potentially signify that a person is disinterested in them [START_REF] Wieser | Is eye to eye contact really threatening and avoided in social anxiety?-an eyetracking and psychophysiology study[END_REF]. In summary, the tendency of socially anxious people to avoid eye-contact could be indicated either by directed or averted gaze of the other, depending on whether it is signalling a negative response or not. Such behaviours have been also shown in virtual reality with groups of virtual agents [START_REF] Wechsler | Look at the audience? a randomized controlled study of shifting attention from self-focus to nonsocial vs. social external stimuli during virtual reality exposure to public speaking in social anxiety[END_REF]. In this regard, Lange and Pauli [START_REF] Lange | Social anxiety changes the way we move-a social approach-avoidance task in a virtual reality cave system[END_REF] found that for neutral conditions, socially anxious individuals gaze less at the head of the agent, confirming the expected avoidance of gaze contact for virtual humans.

OBJECTIVE AND HYPOTHESES

In the present study, we aim at investigating the perception of nonverbal cues when a user is immersed in a virtual environment populated with virtual agents. Our main objective is to study the reaction of users, through their gaze behaviour, when facing a virtual crowd where agents can either look at them or look away.

Previous studies using eye-tracking investigated user's gaze when observing photographs depicting a seated audience. They showed users' preference for gazing at individual subjects in these photographs, whose gaze was directed towards them rather than averted from them, also called the stare-in-the-crowd effect [START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF].

According to the literature, VR can be used to depict social interactions with user's behaviours that are close to real-life ones. We are thus interested in the presence of this effect in VR -an environment more adapted to natural human interactions than photographs.

Towards this objective, we propose two hypotheses, H1 and H2. First, we expect that we will observe the same effect as reported in Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF] using a series of photographs, but in VR.

• H1: The stare-in-the-crowd effect is preserved with virtual agents in VR.

This means that eye-tracking data will show more saliency characteristics (number of fixations, gaze duration) towards the agent who is directing its gaze towards the user as opposed to when the agent is not looking at the user. Moreover, we also expect the same effect comparing the static averted condition to each dynamic one, i.e., during the phenomena being caught staring and catching someone else staring. However, for these gazing conditions we expect a lower magnitude of effect than for the static directed gaze one, since the time when the agent is looking at the user is shorter. Finally, we are also interested in the comparison between the behaviour of the user in the dynamic conditions as opposed to static directed one.

Moreover, it has been shown previously that social anxiety influences VR users' gaze behaviours towards a virtual crowd, in a similar way to when interacting with humans in physical reality [START_REF] Lange | Social anxiety changes the way we move-a social approach-avoidance task in a virtual reality cave system[END_REF][START_REF] Wieser | Virtual social interactions in social anxiety-the impact of sex, gaze, and interpersonal distance[END_REF]. Indeed, a higher social anxiety is typically correlated with a lower rate of mutual eye contact towards directed gazes than in the case of socially non-anxious individuals [START_REF] Baker | Is social phobia related to lack of social skills? duration of skill-related behaviours and ratings of behavioural adequacy[END_REF][START_REF] Schulze | All eyes on me?! social anxiety and self-directed perception of eye gaze[END_REF]. Therefore, we expect that:

• H2: There will be a negative correlation between the time spent gazing towards the agents who are staring at the user and the user's level of social anxiety.

This suggests a possibility that the stare-in-the-crowd effect will depend on the amount of socially anxious individuals in our test sample. With many users scoring high on social anxiety this effect could disappear completely, thus, it is relevant to explore this relationship. It is also important to note that in some cases lack of gaze towards a socially anxious individual can be more frightening, as it can signal disinterest. However, we created the experimental conditions where the context of the averted gaze would not be interpreted like this.

EXPERIMENT 4.1 Overview

To study the stare-in-the crowd effect in VR, we designed an experiment inspired by Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], which demonstrated the presence of this effect using photographs. In our experiment, the user is asked to observe a virtual crowd where the gazes of the virtual agents are manipulated according to a series of target conditions/behaviours, similarly to Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF]. These crowd gaze conditions are:

• Averted -A: no virtual agent looks towards the human user during the observation task (see Fig. 2.1);

• Directed -D: one virtual agent, referred to as the "active agent", stares at the user at the beginning of the observation task and will keep staring at him or her until the end of the task, while no other virtual agent stares at the user (see Fig. 2.2);

• Averted-then-Directed -AD: no virtual agent looks towards the user at the beginning of the observation task, but the active agent will start staring at the user once looked at and will continue to stare until the end of the task (see Fig. 2.3);

• Directed-then-Averted -DA: the active agent stares at the user at the beginning of the observation task, but will stop once looked at, while no other virtual agent staring (see Fig. 2.4).

Examples of such gaze behaviours in our VR implementation can be seen in the supplementary video.

We asked users to observe the virtual crowd, without telling them to actively searching for directed or averted gazes. Such indications are different with respect to some previous studies [START_REF] Colombatto | Gazing without eyes: A "stare-in-the-crowd" effect induced by simple geometric shapes[END_REF][START_REF] Doi | Searching for a perceived stare in the crowd[END_REF][START_REF] Ramamoorthy | Fractionating the stare-in-the-crowd effect: Two distinct, obligatory biases in search for gaze[END_REF], but consistent with Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF][START_REF] Crehan | Me looking at you, looking at me: The stare-in-the-crowd effect and autism spectrum disorder[END_REF]. In line with Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], we also propose to use an eye-tracking system to evaluate the users' gaze behaviours instead of using a search task, which would be less natural. However, opposite to previous studies [13-17, 19, 42], we use a crowd of virtual agents in VR as visual stimuli (see Fig. 3).

Virtual environment and stimuli creation

The virtual environment we used here, shown in Fig. 3, was created using Unity 2021.2.0b9. It is composed of a room, resembling a classroom or a conference room, equipped with standard pieces of furniture as well as individual chairs placed on a wooden stage. Virtual agents (our virtual crowd) are seated on these chairs, like an audience, 1m away from the user at the minimum. All virtual agents are clearly visible to the user, without any occlusion between their heads. The wooden stage hides part of the virtual agents' bodies, so as to make the user focus on their faces. Similarly to the photographic stimuli used in Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], the virtual audience was slightly (10°) oriented to the right, as well as the user (20°). Moreover, the user was placed slightly on the right of the virtual crowd. Such position/orientation choice was chosen for two main reasons: (i) to have all the virtual characters in the user's initial field of view, since they appear at real scale (1:1)); and (ii) to allow virtual agents to look towards the user's position without needing to rotate their head, but only their eyes, while maintaining a natural gaze behaviour (e.g., horizontally rotating the eyes a maximum of 30°w ith respect to the head). These two aspects ensured that all virtual agents could be easily viewed, and that eyes orientation would be the main difference between them, with different gaze behaviours but similar head orientation, thus avoiding such kind of bias [START_REF] Marschner | Social communication with virtual agents: The effects of body and gaze direction on attention and emotional responding in human observers[END_REF].

We considered eleven virtual agents' models from the Microsoft RocketBox adult avatars collection [START_REF] Gonzalez-Franco | The rocketbox library and the utility of freely available rigged avatars[END_REF], including six females and five males. Fig. 3 shows this virtual audience from top and from the user's point of view. Additionally, we placed another male model in front of the crowd, as if he was giving a presentation to them. However, no speech could be heard by the user, it was only to provide a social setting, and to justify why the crowd was looking towards a common point away from the user. To increase the naturalness of agents' behaviours, we applied simple blinking animation on their eyes. Then, a specific gaze behaviour was chosen according to the condition at hand, A, D, AD, or DA, as described in Sec. 4.1.

The virtual agent staring at the users, referred to as the "active agent", is chosen randomly among nine of the eleven agents of the crowd. These nine agents are highlighted with red dots in Fig. 3. This choice was driven by the need to have a balanced distribution of active gazing agents across the user's field of view, as suggested in [START_REF] Doi | Searching for a perceived stare in the crowd[END_REF][START_REF] Palanica | Measuring the stare-in-the-crowd effect using eye-tracking: Effects of task demands[END_REF][START_REF] Palanica | Searching for a perceived gaze direction using eye tracking[END_REF] to test any potential position effects on the results.

It should be noted that for coherence with the other conditions and to enable a consistent comparison of our metrics (see Sec. 4.6), an active agent is also chosen in condition A (no agent looks at the user), although it does not behave differently to the rest of the crowd.

For agents' gaze behaviours we built a gaze mechanism, favouring eye rotations over head and torso rotations, while providing realistic results -e.g., the maximum angle of eye rotation was 30°. This way we could create realistic eye gaze for all positions and conditions.

Finally, in conditions AD and DA, where the agent's gaze dynamic behaviour (from averted to directed or vice-versa) is triggered by the user, we introduced a time limit as suggested by Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF]. If the user has not looked at the target agent within half of the total trial time, the agent's gaze changes anyway, without waiting for the user's gaze. Following Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], each trial repetition (i.e., the user looking at the crowd) lasted 16 seconds. After this time, the environment fades out and fade in again to the same scene but featuring a new gazing behaviour and active agent (see Sec. 4.5).

Participants and Apparatus

30 participants (8 females, 22 males; age: aver. 30, SD: 9.5; VR experience from 1 to 5: aver. 3.4, SD: 1.4; computer games experience from 1 to 5: aver. 3.5, SD: 1.5) took part in our experiment, all with normal or corrected-to-normal vision. They voluntarily participate in the experiment and received no compensation for it. The study complied with the Declaration of Helsinki and was approved by local ethical committee (COERLE). Participants were asked to seat on a standard chair throughout the whole experiment, and to wear the VR head-mounted display FOVE, which has an embedded eye-tracking system. Its field of view for a user is 100°, as well as the one of eye-tracking. Its advertised spatial tracking accuracy is less than 1°, and its maximum eye-tracking sampling rate is 120 Hz.

Data collection

We collected two types of data: (i) continuous user's gaze behaviour during the VR experience, and (ii) social personality data after it.

For (i), gaze behaviour was collected using the embedded eyetracking system of the VR headset. At each frame, the user's gaze information was logged along with the timestamp and the current gaze condition of the virtual crowd (A, D, AD, or DA). This gaze information was indicating the presence or the absence of a hit on the head of the "active agent", computed using the 2D screen position of the VR user's gaze and the current 2D scene viewed by the user.

For (ii), information about users' social anxiety was collected after the experiment through a questionnaire. We used the standardised questionnaire based on the Liebowitz Social Anxiety Scale [START_REF] Liebowitz | Social phobia. Modern problems of pharmacopsychiatry[END_REF]. This one allows for the evaluation of social anxiety through selfestimation of the levels of fear and avoidance of a person in determined social situations. A score can be computed from the answers, ranging from 0 (not socially anxious) to 144 (very socially anxious).

Experimental procedure

First, an informative document about the study was given to the users, along with the informed consent form and oral explanations to answer any questions. Once ready, users were seated on a chair and equipped with the FOVE headset. A calibration of the eye-tracking system was performed to ensure the quality of gaze data collection.

Then, the users were immersed in our virtual environment for a brief training phase, where they had time to familiarise with the environment and setup. During this phase, all agents of the virtual crowd were looking at the virtual speaker, were not changing their gazing behaviour over time, and random agents would be blinking in the crowd. Users were free to look both at the crowd and behind them to see the virtual speaker -which was not talking, to understand the context of the scene. It was explained to them that their task would be to face and observe the virtual audience, and to not look at the virtual speaker after the training phase. No information about gazing behaviours or any other specific tasks to complete were provided.

After this training phase, users were asked to perform 72 trials of this observation task, each lasting 16 seconds. All users were exposed to the same trials i.e., all the tested conditions described in Sec. 4.1. Each combination of "gaze condition/behaviour" per "active virtual agent positioning" was shown twice to each user, leading to: 4 gaze behaviours × 9 possible active agents × 2 repetitions = 72 trials in total. In order to make it possible for the user to rest during the experiment, the trials were ordered in 3 blocks, with equal number of gaze conditions presented in each block of 24 trials, as well as the distribution of the active virtual agent. Order of active agents was randomised inside each block. In averted conditions, an agent was chosen randomly and the position of these agents was balanced with the agents in the other conditions, which all include a directed gaze. Additionally, virtual agents' models were randomly switched between all eleven positions, so that the appearance of the models would not influence the results. A 3-seconds black screen was displayed to the users between each trial. During this pause, users were asked to re-position their head and gaze orientation towards the top-centre of the screen, by looking at a small geometric shape. This was done to ensure the same initial point for the user's gaze at each trial. Users were notified that the trials would be divided into three blocks of 24, so as to allow them to rest and remove the headset between each block to minimise fatigue. In addition, such breaks were also used to re-calibrate the eye-tracking system to ensure data quality. If needed, users could also stop within a block.

Finally, users were asked to fill a post-experiment questionnaire with the social anxiety questions, along with demographic ones (age, gender, experience with VR and games) and a free comment section.

Metrics

From the eye-tracking collected data, we computed different metrics related to the users' gaze towards the active agent of the crowd. Gaze activity was split between saccades when such activity was shorter than 150 ms, and fixations when it was longer [START_REF] Manor | Defining the temporal threshold for ocular fixation in free-viewing visuocognitive tasks[END_REF][START_REF] Westheimer | Eye movement responses to a horizontally moving visual stimulus[END_REF]. For each trial, we considered the following metrics in line with Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF] • Dwell time: the total time spent looking at the active virtual agent;

• Fixations count: the total number of fixations on the active virtual agent;

• First fixation time: the time of the first fixation on the active virtual agent, counted from the beginning of the trial;

• First fixation duration: the length of the first fixation;

• Second fixation time: the time of the second fixation on the active virtual agent, counted from the beginning of the trial;

• Second fixation duration: the length of the second fixation.

All the above metrics are used to identify the stare-in-the-crowd effect, particularly the dwell time and fixation count metrics that are computed even in absence of multiple fixations on the active agent. The analysis of first and second fixations are also important to better understand user's gaze behaviours, even though they are not always present in stare-in-the-crowd related studies. But they are particularly relevant for the dynamic conditions that we included here, where the user's first fixation on the active agent triggers the change in its gaze behaviour (from averted to directed or vice-versa).

RESULTS AND DISCUSSION

Gaze behaviours

According to our objectives and hypotheses, we focused on five comparisons, related to three cases: (1) the stare-in-the-crowd effect in static conditions, (2) catching someone else staring and (3) being caught staring phenomena, in line with Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF]. For (1), we compared the averted to the directed gaze conditions -A vs. D. Then, we compared each static condition with each dynamic. For (2), averted versus averted-then-directed -A vs. AD, and directed versus averted-then-directed -D vs. AD. For (3), the averted versus directed-then-averted -A vs DA, and directed versus directed-thenaverted -D vs. DA. For pairwise comparisons, we ran dependent paired samples t-tests on the six metrics we described in Sec. 4.6 as continuous variables. Such tests guarantee conservative results in the comparison between different gaze conditions. The normal distribution assumption was verified for 25 of our 30 dependent paired samples when running a Shapiro-Wilk test: we ran Student's t-tests for these samples, and Wilcoxon signed rank tests for the remaining ones. Due to our multiple comparison design, we conducted a Bonferroni correction which changed our target significance level from α=0.05 to α=0.00166.

Results are shown in Tables 1 to 5. For each metric, they contain the means and standard deviations, along with significance level, plus statistics and effect size (both when doing Student's t-test). They are shown by comparison of pairs, in Table 1 for conditions A vs. D, Table 4 for A vs. AD, Table 5 for D vs. AD, Table 2 for A vs. DA, and Table 3 for D vs. DA. These results are based on the averages obtained by each user across all trials that share the same gazing conditions regardless of position, i.e., 18 in total for each condition. In these tables, a symbol * indicates a p-value <0.00166, ** a p-value <0.00033, and *** a p-value <0.00003.

Comparison A vs D interpretation.

As shown in Table 1, p-values from the metrics dwell time, fixation count, first and second fixation durations were all significant, with higher values on the directed condition, which are all indicators of the presence of a stare-in-the-crowd effect. We also expected users to spot the active agent in the directed gaze condition sooner, which should be reflected through significantly earlier first fixation time. Such results have been reported and used to confirm the presence of a stare-in-the-crowd effect in previous studies with drawing or photographic stimuli [START_REF] Ramamoorthy | Fractionating the stare-in-the-crowd effect: Two distinct, obligatory biases in search for gaze[END_REF][START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF]. However, in our experiment, first fixation time results do not reveal such a significant difference. For this metric, we discuss our results later in this section (see Active agent's position effect and Table . 7 with its analysis). Based on the expectations of the stare-in-the-crowd effect, our results nonetheless show a significantly earlier second fixation time on the directed condition compared to the averted one, following the trend expected for the first fixation time. Fig. 4 .1) summarises the comparison between the results on averted and directed conditions and its interpretation for the stare-in-the-crowd effect.

When comparing with Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], we found the same results on all our metrics, except for the significantly longer duration for the first fixation in the directed condition in our experiment. Nonetheless, this result is in line with other previous studies [START_REF] Ramamoorthy | Fractionating the stare-in-the-crowd effect: Two distinct, obligatory biases in search for gaze[END_REF][START_REF] Grünau | The detection of gaze direction: A stare-in-the-crowd effect[END_REF] and the stare-in-the-crowd effect by definition. In addition, it could be explained by a stronger effect of VR to capture attention with directed gazes, as suggested by our larger effect size results for the other metrics, compared to Crehan et al.'s ones [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF].

Comparison A vs DA interpretation. As shown in Table 2, first fixation duration, dwell time and fixation count were significantly different between averted and directed-then-averted conditions, with higher values in the latter. In contrast, second fixation duration and second fixation time were not significantly different between these conditions. First fixation time metric did not show significant differences either; for this result, see the discussion point Active agent's position effect later in this section. The results for all the other five metrics might be understood and explained according to the procedure of the directed-then-averted gaze trial. Indeed, in this condition, once the first fixation had started on the active agent, users could observe a dynamic gaze change. This might have captured their attention and could explain the fact that they stared significantly longer towards the active agent during the first fixation. After, the active agent entered the averted gaze condition: this could explain why the directed-then-averted condition results of second fixation duration and second fixation time were not significantly different compared to the averted condition ones. Finally, dwell time and fixation count were nevertheless significantly higher in the dynamic condition, which could be explained by the multiple rechecks by users towards the active agent during the remaining time of a trial, to see if the agent would look at them again. Fig. 4 .2) summarises the comparison between the results on the averted and directedthen-averted conditions and its interpretation in relation with the stare-in-the-crowd effect and the effect of dynamic gaze changes.

In addition, when comparing our results to the ones of Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], both studies found similar effects, except that in their case instead of finding a significant difference for the first fixation duration, they found it for the second fixation one.

Comparison D vs DA interpretation. As shown in Table 3, dwell time, fixation count and second fixation duration were significantly different between directed and directed-then-averted conditions, with lower values in the latter. These results confirm the stare-in-thecrowd effect: indeed, in a directed-then-averted condition, once the first fixation on the active agent had started, its gaze remained averted, thus significant differences are consistent with the ones observed for these metrics on the averted vs. directed comparison. In a similar way, in both conditions, the agent's gaze was directed before the first fixation started, which can explain the absence of the significant difference for the first fixation time. After that, for the first fixation duration and the second fixation time, the absence of significant difference between these two conditions is consistent with the interpretation given for averted vs. directed-then-averted conditions and could thus be explained the following: the gaze change of the active agent that occurred at the beginning of the first fixation could have captured the VR users' attention at a level not significantly different to the one caused by a directed gaze for the first fixation in terms of duration, and could have nonetheless made them check back towards this agent as soon as in the directed gaze condition, therefore through an early second fixation on it.

In addition, compared to our results, Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF] did not observe the stare-in-the-crowd effect in all the metrics, since they found no effect of dwell time or fixation count. However, as we did, they found a significant difference for the second fixation duration. Our differences may come from the specifics of our setup, e.g. using VR that adds depth and space information, unlike photographs.

Comparison A vs AD interpretation. As shown in Table 4, dwell time, fixation count, first fixation duration, second fixation duration and second fixation time were significantly different between conditions averted and averted-then-directed, with lower value for the second fixation time and higher values for the other metrics in the averted-then-directed condition. These results confirm the stare-in-the-crowd effect in VR: indeed in an averted-then-directed condition, once started the first fixation on the active agent, its gaze remains a directed gaze, therefore significant differences are consistent with the ones observed for these metrics on averted vs directed comparison. Moreover, first fixation time was not significantly different between the two conditions, which is coherent since in both conditions the active virtual agent starts with an averted gaze.

In addition, in comparison with Crehan et al.'s results [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF], we found similar results, except the fact that they did not observe a higher level of first fixation duration in the dynamic condition. Similarly, our differences may come from the specifics of our setup, e.g. using VR that adds depth and space information, unlike photographs.

Comparison D vs AD interpretation. As shown in Table 5, dwell time, fixation count, first fixation duration, second fixation duration and second fixation time were not significantly different between the two conditions. These results are coherent since in the averted-then-directed condition, once the first fixation on the active agent had started, its gaze remained directed, i.e., with a gaze similar to the directed condition. Finally, for the first fixation time metric, there was no significant difference; see the paragraph Active agent's position effect for the discussion of this result. In addition, all our results are coherent with Crehan et al.'s ones [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF]. Active agent's position effect. In addition to these results that average all the data by gaze condition, our metrics can also be computed based on the averages obtained by each user across the trials that share both the same viewing conditions and the same position of the "active agent" in the crowd and therefore in the user's field of view -2 repetitions in total for each condition. Due to the variability of the number of fixations across conditions and users, dwell time and fixation count metrics were preferred here over fixation time and duration metrics, since the former ones can always be computed even when no fixations occurred on the expected agent during the trialsin that case, missing values would be reported for the other metrics when computing averages. For these nine position conditions, we only compared the averted and directed gaze conditions here, as they were the most representative ones for the evaluation of our hypothesis H1. For our two metrics, the normality assumption could not be verified for all our dependent paired samples, thus Student's t-tests or Wilcoxon signed rank tests were ran depending on the case. Due to our multiple comparisons, we conducted a Bonferroni correction that changed our target significance level from α=0.05 to α=0.00555. Table 6 shows the results of these comparisons for the dwell time on the left, and for the fixation count on the right. In the tables, a symbol * indicates a p-value <0.00555, ** a p-value <0.00111, and *** a p-value <0.000111. These results show an effect of the active agent's position on the dwell time and fixation count results when comparing averted and directed conditions. For seven out nine positions a significant difference was found between these two conditions for this metric, revealing the presence of a stare-in-the-crowd effect; in contrast, for the middle and far left positions, no significant difference was found. Nonetheless, this result is in line with previous studies that discussed the real existence of a stare-in-the-crowd effect across any stimuli positions [START_REF] Cooper | Looking back at the stare-in-the-crowd effect: Staring eyes do not capture attention in visual search[END_REF] and any position in the user's field of view [START_REF] Palanica | Measuring the stare-in-the-crowd effect using eye-tracking: Effects of task demands[END_REF][START_REF] Palanica | Searching for a perceived gaze direction using eye tracking[END_REF]. In addition, we found that this absence of significant difference between averted and directed condition was due to a larger time spent on the middle/far left field of view on the averted gaze conditions rather than to a lower one on the directed condition, compared to the results obtained on other positions. This could be explained by a leftward bias of humans during a visual exploration on a scene, as described in the literature [START_REF] Bourgeois | Influence of reward learning on visual attention and eye movements in a naturalistic environment: A virtual reality study[END_REF][START_REF] Foulsham | Leftward biases in picture scanning and line bisection: A gaze-contingent window study[END_REF][START_REF] Ossandón | Spatial biases in viewing behavior[END_REF]. Finally, this difference on the left may also have been caused by our experimental stimuli. Indeed, in our experiment the averted gazes of the virtual crowd were always towards a distractor -our virtual speaker -positioned at the left of the user, meaning that the majority of the virtual crowd was looking in that direction. Yet, in their study about the stare-in-the-crowd effect, Palanica et Itier [START_REF] Palanica | Searching for a perceived gaze direction using eye tracking[END_REF] found a congruency effect of the averted gazes on the user's gaze behaviour, in the sense that active agents whose positions were in the direction signaled by averted gazes were detected faster. Similarly, Sun et al. [START_REF] Sun | Perceiving crowd attention: Gaze following in human crowds with conflicting cues[END_REF] also found an effect of the perceived direction of the gaze of the virtual crowd on users' gaze behaviour, where users tend to look towards the same direction that they perceive when the majority of the crowd is looking towards one particular direction -in our case to the left.

We also wanted to test if the active agent's position could have affected other metrics than dwell time and fixation count. We found an effect for the first fixation time on the trials where the active agent was in the centre -without distinction of depth i.e. 6 trials in total for each gaze condition (3 positions by left/central/right zone * 2 repetitions for each user). For these data samples, the normality assumption could not be verified for all our dependent paired samples, thus Student's t-tests or Wilcoxon signed rank tests were ran depending on the case. Due to our multiple comparisons, we conducted a Bonferroni correction that changed our target significance level from α=0.05 to α=0.016. Table 7 shows the results of these first fixation time comparisons, with one column for each gaze comparison studied, one line for each position zone -left/central/right, and one final line with the p-value previously obtained with the global data without position distinction. In this table, a symbol * indicates a p-value <0.0160, ** a p-value <0.0033, and *** a p-value <0.0003. These comparison results give new insights on the first fixation time metric, and allow for new interpretations about the effect of gaze conditions on it. First the data where all positions are gathered show no significant differences between any gaze conditions, as well as the results considering only left or right positions. However, data related to central positions reveal different results with: 1) the presence of significant differences for the comparisons between averted and directed gaze conditions (A vs. D), averted and directedthen-averted ones (A vs. DA), and directed and averted-then-directed ones (D vs. AD), and 2) the absence of significant differences for the other comparisons. Such results are interesting because they are the ones that were expected according to the stare-in-the-crowd effect: indeed, before the first fixation, the three comparisons present in 1) are equivalent to an averted vs. directed gaze comparison, whereas for the two comparisons of 2), gazes are the same ones in both conditions for these two comparisons (two averted, or two directed). These results confirmed the presence of a stare-in-the-crowd effect in VR, here regarding the results for the first fixation time metric for active agents in central positions.

We may have found this effect only in the central position because of visual differences between VR and photographs. Photographs resolution allows for high-quality display of a crowd in a narrow field of view, about 30°for a user looking at a computer screen. In contrast, in our VR setup the total field of view was larger for the user (the 100°of the FOVE headset), but, because of resolution issues and the scale 1:1 for the agents used to provide immersion in VR, more space was required for each agent. Therefore, it could explain why previous results are equivalent to our central part results.

Gaze behaviours and social anxiety

To investigate whether users with a higher level of social anxiety were less likely to gaze towards agents who are gazing at them, we computed correlations between the final score on the social anxiety questionnaire, i.e., the Liebowitz Social Anxiety Scale, and our gaze metric data. This final social anxiety score can range from 0 to 144, with low score depicting absence of social anxiety and high score depicting a significant presence of social anxiety. We conducted a Shapiro-Wilk test to determine if our variables were normally distributed or not. As some of them were not normally distributed and to be able to compare the correlation coefficients between themselves, we conducted Spearman's rank-order correlation on our data, between the final social anxiety scores and the gaze metrics results.

As expected, we found some negative correlations between social anxiety and metrics of the eye-tracking data. In particular, dwell time for directed (D) and dynamic conditions (DA, AD) showed significant negative correlations (D : r s = -0.42, p = 0.022, AD : r s = -0.57, p = 0.001, DA : r s = -0.37, p = 0.047), indicating that the more socially anxious the user was, less time he or she spent observing the agent whose gaze was directed towards them. The correlation was particularly high in the AD condition (getting caught staring). Other metrics were not correlated with social anxiety, except for the averted condition first fixation duration (A : r s = -0.40, p = 0.028) and the averted-then-directed condition fixation count (AD : r s = -0.49, p = 0.006).

GENERAL DISCUSSION

Our study evaluated VR users' gaze behaviours depending on different gaze conditions that were applied to a virtual crowd, and therefore aimed to test the stare-in-the-crowd effect in VR. Our H1 hypothesis was that the stare-in-the-crowd effect would be preserved in VR, and H2 hypothesis that we would observe a negative correlation between the time spent towards the agents who are staring at the user and the user's level of social anxiety.

In terms of verifying H1, we compared our results with the one obtained by Crehan et al. [START_REF] Crehan | Measuring the stare-in-the-crowd effect: a new paradigm to study social perception[END_REF] using similar metrics, and found similar effects, confirming the stare-in-the-crowd effect in VR. Some differences with the previous study were found also, but we were able to find explanations for this (see section 5.1). One major difference was that we used a VR environment that could have affected the gaze behaviour simply due to the field of view being different to the view of the people looking at photographs. It appears to be important how the user is positioned in VR as well, since our results showed that for the middle and far left field of view, some aspects of the stare-in-the-crowd effect were not present (related to dwell time metric) and in the left and right field of view for other aspects (here through first fixation metric, by finding expected results only for active agents in central positions.) An important difference was also between dynamic conditions of both studies. In our study, we found less gaze fixation behaviour in the dynamic conditions than in the directed static one, oppositely to the findings of the previous study. This could be explained by users expecting changes in the behaviour of virtual agents in VR, since agents were slightly animated (blinking), whereas photographic stimuli may not have had the same anticipation effect. Our results are potentially more accurately transferable to physical reality than previous results that were collected by using photographs as stimuli.

Regarding H2, our results show that social anxiety is negatively correlated with dwell time for all conditions that include directed gaze. Therefore, on average, the higher the social anxiety, the less time users spent looking at the agents when their gaze was directed towards them, which is in line with the gaze behaviour of socially anxious individuals [START_REF] Baker | Is social phobia related to lack of social skills? duration of skill-related behaviours and ratings of behavioural adequacy[END_REF]. Particularly interesting is the result that the averted-then-directed condition ("being caught staring") had the strongest correlation compared to other conditions, meaning that socially anxious individuals were particularly sensitive to agents who looked at them after the user saw them. Other metrics (fixation time, etc.) were not correlated, meaning that perhaps the additive effect of dwell time metric was stronger. However, we did get the negative correlation with fixation count for the averted-then-directed condition again, but also for the averted condition, with the first fixation duration. The latter could indicate that users with higher social anxiety may avoid to look at characters at the very beginning of the trial for fear of meeting their gaze. Some users reported their fear of the virtual agents in our post-experiment questionnaire and reported avoiding agents who were staring at them: "actually, older people are super scary", "embarrassed by the stare of the avatars towards me, I run away from them rather quickly", "some avatars felt creepier than others, their gaze felt heavier when they were looking for afar, and more normal or natural when they were actually just in front of me". Importantly, we were able to demonstrate a stare-in-the-crowd effect in our study, indicating that the amount of socially anxious individuals in our sample of users was not high.

There are limitations to our study. Firstly, our sample of participants was not balanced in terms of gender, which may have affected our data. While our sample was not balanced in gender, we made sure that we had a balanced representation of both genders in the stimuli sample. We also cannot generalise our results to more natural social situations. While we designed the agents to be as realistic in appearance as possible, better models and animations could be used to make the results more transferable to interactions in the physical world. In addition, other scenarios than the one where virtual audience is listening to a speaker, could be considered. Moreover, in this study we took behavioural measures using an eye-tracking system and an indirect measure with the social anxiety questionnaire, however we could also have used some subjective measures such as presence and social presence [START_REF] Bailenson | Equilibrium theory revisited: Mutual gaze and personal space in virtual environments[END_REF][START_REF] Slater | Depth of presence in virtual environments[END_REF]. Another limitation is that we did not check specifically for cybersickness. Nonetheless we ensured a sufficient framerate in the FOVE headset and our VR users were seated and had limited movements, therefore adverse effects of cybersickness were limited. We also found the importance of where the user is positioned in VR as this affects the stare-in-the-crowd effect. Future studies are needed to better understand the stare-inthe-crowd effect at different observing positions and also in times when the user is allowed to move through the environment.

CONCLUSIONS AND FUTURE WORK

This work addressed the well-known stare-in-the-crowd effect, which predicates the existence of a search asymmetry between directed and averted gaze towards the observer, with faster detection and longer fixation towards directed gaze. In other words, it represents the tendency of humans in noticing and observing, more frequently and for longer time, gazes oriented toward them (directed gaze) than gazes directed elsewhere (averted gaze). The existence of the stare-in-the-crowd effect has been already proven using photographic stimuli, but never in VR.

Our results confirmed the stare-in-the-crowd effect in VR alongside the evidence that this effect is milder with people reporting higher social anxiety levels. With this, we showed that gaze can indeed change the focus of attention of a user, and potentially trigger the interaction with an agent. Such results are very encouraging, since they can improve our understanding of social interactions in VR applications and help design more engaging experiences with agents. For example, our gaze conditions could be used to initiate the interaction with the user in a virtual crowd. We also demonstrated a simple dynamic gaze condition that signals complex social behaviour, e.g., directed-then-averted gaze could potentially be interpreted as a sign of embarrassment of the agent. These subtle gaze conditions could be explored further to create more believable social interactions in VR.

In the future, we plan to explore the stare-in-the-crowd and other related effects in more complex scenarios, e.g., including more dynamic and heterogeneous virtual agents, changing their number, giving the user different tasks. Moreover, we will expand our analysis to also consider further social and behavioural aspects of our human users, so as to see how they relate to the gazing times. Finally, we want to expand the subjects pool for achieving a better balance in terms of gender and age, which will also enable us to analyse the effects of such characteristics on the results.

Figure 2 :

 2 Figure 2: Our four crowd gaze conditions (active agent in green): 1) averted gaze -A, 2) directed gaze -D, 3) averted-then-directed gaze -AD, and 4) directed-then-averted gaze -DA. See details in Sec. 4.1.

Figure 3 :

 3 Figure 3: Virtual scene; the user faces eleven agents listening to a speaker standing behind the user. The inset shows the user's view point during the observation task. Active agents are noted by red dots

Figure 4 :

 4 Figure 4: Summary of results for two representative cases of comparison: 1) A vs D reveals the presence of the stare-in-the-crowd effect in VR, and 2) A vs DA reveals effects of dynamic gazes

Table 1 :

 1 Gaze metrics results -comparison of A vs. D conditions

		Averted	Directed			
	Metric	Mean (SD)	Mean (SD)	p-value	t	η 2 p
	Dwell time	504 (175)	1570 (864)	<0.00001 *** -6.75	0.61
	Fixation count	1.15 (0.29)	2.35 (1.03)	<0.00001 *** -6.45	0.59
	1st fix. duration	332 (77)	552 (185)	<0.00001 *** -5.61	0.52
	1st fix. time	5173 (1213)	4969 (1402)	0.53119	0.63	0.014
	2nd fix. duration	407 (282)	554 (214)	0.00158 *	wilc.	wilc.
	2nd fix. time	8602 (1395)	6861 (1785)	0.00031 **	4.09	0.37
	Time and duration in ms.				

Table 2 :

 2 Gaze metrics results -comparison of A vs. DA conditions

		A	DA			
	Metric	Mean (SD)	Mean (SD)	p-value	t	η 2 p
	Dwell time	504 (175)	808 (363)	0.00005 **	-4.78	0.44
	Fixation count	1.15 (0.29)	1.56 (0.56)	0.00015 **	-4.37	0.40
	1st fix. duration	332 (77)	483 (165)	0.00003 *** -4.92	0.45
	1st fix. time	5173 (1213) 4847 (1307)	0.32902	0.99	0.03
	2nd fix. duration	407 (282)	374 (95)	0.34921	wilc.	wilc.
	2nd fix. time	8602 (1395) 7773 (1724)	0.05175	2.03	0.12
	Time and duration in ms.				

Table 3 :

 3 Gaze metrics results -comparison of D vs. DA conditions

		Directed	Directed-then-Averted			
	Metric	Mean (SD)	Mean (SD)	p-value	t	η 2 p
	Dwell time	1570 (864)	808 (363)	<0.00001 ***	6.83	0.62
	Fixation count	2.35 (1.03)	1.56 (0.56)	<0.00001 ***	6.17	0.57
	1st fix. duration	552 (185)	483 (165)	0.07638	1.84	0.10
	1st fix. time	4969 (1402)	4847 (1307)	0.69058	0.40	0.01
	2nd fix. duration	554 (214)	374 (95)	0.00016 **	4.32	0.39
	2nd fix. time	6861 (1785)	7773 (1724)	0.05246	-2.03	0.12
	Time and duration in ms.				

Table 4 :

 4 Gaze metrics results -comparison of A vs. AD conditions

		Averted	Averted-then-Directed			
	Metric	Mean (SD)	Mean (SD)	p-value	t	η 2 p
	Dwell time	504 (175)	1503 (789)	<0.00001 ***	wilc.	wilc.
	Fixation count	1.15 (0.29)	2.18 (0.79)	<0.00001 *** -7.24	0.64
	1st fix. duration	332 (77)	544 (176)	<0.00001 *** -6.22	0.57
	1st fix. time	5173 (1213)	5371 (1229)	0.87121	wilc.	wilc.
	2nd fix. duration	407 (282)	644 (226)	0.00011 **	wilc.	wilc.
	2nd fix. time	8602 (1395)	6978 (1544)	0.00032 **	4.08	0.36
	Time and duration in ms.				

Table 5 :

 5 Gaze metrics results -comparison of D vs. AD conditions

		Directed	Averted-then-Directed			
	Metric	Mean (SD)	Mean (SD)	p-value	t	η 2 p
	Dwell time	1570 (864)	1503 (789)	0.45729	0.75	0.02
	Fixation count	2.35 (1.03)	2.18 (0.79)	0.15961	1.44	0.07
	1st fix. duration	552 (185)	544 (176)	0.85695	0.18	0.00
	1st fix. time	4969 (1402)	5371 (1229)	0.16703 -1.41 0.06
	2nd fix. duration	554 (214)	644 (226)	0.13021 -1.56 0.08
	2nd fix. time	6861 (1785)	6978 (1544)	0.75169	0.32	0.00
	Time and duration in ms.				

Table 6 :

 6 Metrics comparison for each position A vs. D -dwell time and fixation count

Table 7 :

 7 First fixation time metric -comparisons by pair of gaze conditions and across position zones

	Gaze comp.	A vs D	A vs DA	D vs DA A vs AD D vs AD
	Position	p-value	p-value	p-value	p-value	p-value
	Left	0.0745	0.0792	0.8816	0.0293	0.4587
	Central	0.0027 ** 0.0027 **	0.8340	0.3765	0.012 *
	Right	0.9018	0.2103	0.2421	0.7535	0.6181
	All	0.5312	0.3290	0.6906	0.8712	0.1670
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