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Applications where people socially interact with virtual humans have multiplied in recent years. 

Virtual humans can be applied autonomously, for example as customer assistants, teachers, in-

fluencers and artificial companions [1], [2]. In other applications, often referred to as the 

‘metaverse’, people interact with other people, mediated by avatars that represent them [3]. While 

such applications are not yet widely available in society, recent studies have explored various use 

cases, for example in education and remote working [4], [5]. Although these uses could bring 

important benefits to society, it also raises the question how visually replacing people with their 

digital counter parts affects social processes in groups. 

This study focusses on a social phenomenon known as emotion contagion, which is a collec-

tion of processes that often occur subconsciously via which the emotional state of people shifts 

towards the emotions expressed by others [6], [7]. The spread of emotions in groups therefore 

tends to converge the emotional expressions of its members, which can result in collective emo-

tion. In case of virtual humans, studies have shown that people can recognise emotions expressed 

by virtual humans with a similar accuracy as expressions of real people [8], [9]. Others have 

found that emotions can also spread from virtual humans to real people [10], [11], [12]. However, 

much less is known about how real-time communication via virtual humans affects emotional 

processes in groups. 

This work aims to examine emotion contagion in groups interacting via human-like avatars. 

Emotion contagion in the present study is equated to similarity in either the facial expression 

(facial movement as measured with action units) or the emotional meaning of facial  expressions 

(human and machine annotations). To examine this, we build upon a method that was used to 

study emotion contagion in the context of group video calls by van Haeringen et al. [13]. In that 

study, participants play a quiz in two competing teams, where if one team wins, the other loses. 

By varying the group composition on the screen, emotional amplification was found when the 

stimulus (win/loss) was the same for everyone in the room, while emotional cancelation was 

found when opposite stimuli were introduced in the same room. Instead of showing the webcam 

footage directly to others in a virtual room, in the present study the webcam footage is used to 

animate an avatar in real-time. This shows the facial expressions and head movements of the 

participant to the other participants in the virtual room. Specifically, we use the facial action unit 

system (FACS), as measured with the OpenFace2 toolkit [14], to mimic the facial expression of 

the participant on the avatar. We hypothesise that the measured action units contain a large part 
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of the emotional information expressed by the participant. This method has the benefit that it 

does not reduce the complexity of the context-specific expressions to a basic set of emotions, as 

would be the case if automated emotion detection or manual emotion selection were used to 

inform the expressions of the avatar [15]. By projecting the measured action units directly on the 

avatar, emotions should theoretically be allowed to flow in the group in a similar manner as 

during a webcam-mediated video call. However, since errors in measuring or display are likely 

to hamper this process, we expected expressive avatars to lead to stronger emotional convergence 

than non-expressive avatars, but weaker contagion than in regular video calls. To test this, trials 

are performed with and without mirroring the expressions of the participants on the avatar, using 

an experiment based on the methodology by van Haeringen et al. [13]. To measure contagion, 

similarity in action units and emotion labels are analysed, by post-trial annotating the filmed 

facial expressions of the participants with manual and automated methods. Moreover, by meas-

uring the gaze of the participants with eye trackers, we zoom in on the visual pathway for emotion 

contagion at the dyadic level.  

While we hypothesised emotion contagion would drive emotional convergence at the group 

level and in gaze pairs, the results show that the opposite may have taken place. Looking at the 

avatars of others was related to a decrease in similarity of facial expressions and emotional con-

tent of those expressions, compared to before the gaze. This was found both with and without 

mimicking avatars, yet more negative expressions were present in the control condition compared 

to the avatars that mimicked expressions.  

The absence of emotion contagion can be caused by a number of reasons. The cause could be 

that the mimicked expressions were not sufficiently measured or replicated to be contagious. 

Another option is that the projection of facial action units on the avatar needs improvement. And 

a third explanation for the absence of emotion contagion could be that body motion plays an 

important role in emotion exchange in computer-mediated communication while only head 

movements were mimicked by the avatar. Whatever the reason, the study shows that communi-

cating via avatars can disrupt social processes and that it is therefore important to do more dedi-

cated research into this before it is widely applied. 
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