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ABSTRACT 
As social-mediated interaction is becoming increasingly important 
and multi-modal, even expanding into virtual reality and physi-
cal telepresence with robotic avatars, new challenges emerge. For 
instance, video calls have become the norm and it is increasingly 
common that people experience a form of asymmetry, such as not 
being heard or seen by their communication partners online due 
to connection issues. Previous research has not yet extensively 
explored the efect on social interaction. In this study, 61 Dyads, 
i.e. 122 adults, played a quiz-like game using a video-conferencing 
platform and evaluated the quality of their social interaction by 
measuring fve sub-scales of social presence. The Dyads had either 
symmetrical access to social cues (both only audio, or both audio 
and video) or asymmetrical access (one partner receiving only au-
dio, the other audio and video). Our results showed that in the case 
of asymmetrical access, the party receiving more modalities, i.e. 
audio and video from the other, felt signifcantly less connected 
than their partner. We discuss these results in relation to the Media 
Richness Theory (MRT) and the Hyperpersonal Model: in asymme-
try, more modalities or cues will not necessarily increase feeling 
socially connected, in opposition to what was predicted by MRT. 
We hypothesize that participants sending fewer cues compensate by 
increasing the richness of their expressions and that the interaction 
shifts towards an equivalent richness for both participants. 
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1 INTRODUCTION 
Humans are inherently social. In face-to-face interaction, we use 
diferent social modalities like verbal communication, gestures or 
touch to communicate with others and express social information. 
Those communications can vary from a simple greeting to estab-
lishing more complex constructs such as trust. Social cues, as part 
of interpersonal communication, play a key role in defning and reg-
ulating our interactions and relationships with the people around 
us and are used to structure communication and recognize people’s 
emotions [14]. During social exchange, the receivers interpret the 
social cues, taking into account diferent parameters such as the 
context of the communication or their own emotions, and express 
their social message in return. 

In mediated interaction, accurate exchange of information is 
heavily dependent on the medium (i.e. the more modalities or cues, 
the more richness). With the Media Richness Theory (MRT), Daft 
and Lengel [6] predict a lower social connection in less rich media 
environments. In contrast to MRT, the formulation of the Hyper-
personal Model [23] states that people interacting in an online 
environment connect easier than in face-to-face interaction, even 
if they have access to fewer social cues and less richness of infor-
mation. We test the predictions of both theories using symmetric 
(people access the same modalities and cues) and asymmetric (peo-
ple access a diferent type, quality and/or number of social cues or 
modalities) mediated communications. 

1.1 Cues and social information 
Cues do not necessarily transmit the same information. App et al. 
[1] demonstrated that diferent emotions are associated with difer-
ent cues and with diferent modalities. The preferential use of those 
modalities is probably due to the social functions associated with 
each emotion. For example, fundamental emotions such as anger, 
fear or happiness are displayed with a combination of most modali-
ties, i.e. facial expression, touch and body movement, while complex 
emotions like trust, love or afection are often primarily expressed 
with touch [8], and pride through body posture. Modalities are also 
not used to the same degree. Facial expressions are often considered 
one of the most prominent non-verbal cues. Sharan et al. [18] de-
scribe cues used in mediated social communication (MSC) and rank 
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them by relevance to social interaction. Gaze comes frst, followed 
by a combination of facial expression and prosody. Gaze is cru-
cial for sharing attention and engagement during interaction [17], 
while facial expression and prosody are both important channels 
to display emotion. On the one hand, social modalities are com-
plementary to each other and can be used in combination [1, 11]. 
For example, facial expressions are often used as confrmation and 
amplifcation of verbal information. On the other hand, a discrep-
ancy of information between cues makes interaction ambiguous 
and more difcult to interpret [7]. 

1.2 Social richness in mediated communication 
Past research demonstrated that having more media richness, in-
cluding the number of available cues and modalities for commu-
nication, allows for a richer exchange of information (i.e. Media 
Richness Theory) [6]. In mediated communication, media richness 
varies with, and is typically limited by, the hardware. Social modal-
ities, albeit in limited form, still demonstrate social efects during 
mediated interaction [2, 10]. For example, O’Malley et al. [15] com-
pared face-to-face communication with audio-only and audio-video 
mediated communication. They show that audio-video communica-
tion tends to conserve the potential for non-verbal understanding, 
and can even lead to shorter response time between participants 
than in face-to-face communication. However, visual cues such as 
eye-gaze tend to be less efective than in face-to-face, reducing the 
efectiveness of social communication. With only audio, partici-
pants tend to compensate by verbalising more to allow a better 
understanding and acknowledgment. In remote haptic, Haans et al. 
[10] showed that the "Midas touch" efect (i.e. the ability to entice 
people to do something via touching them) was still present in 
mediated touch by comparing the proneness of helping people in 
no-touch or touch situations. 

In 1996, Walther [23] proposed the Hyperpersonal model about 
people’s self-disclosure and compensation behavior in mediated 
communication. They show that people in online environments 
tend to feel more afliated with others and self-disclose more about 
their own life compared to face-to-face. In contrast, Sherman et al. 
[19] investigated diferent mediated communication efects on so-
cial bonding between friends and showed that the level of bonding 
and connectedness tends to go down with the reduction of non-
verbal modalities and cues. These results confrmed the fndings of 
Daft and Lengel [6] and the Media Richness Theory but, interest-
ingly, the fndings were in opposition to multiple previous studies, 
including the Hyperpersonal model [23]. Sherman et al. showed 
that the level of bonding and connectedness tends to go down 
when access to non-verbal modalities and cues is reduced. How-
ever, their fndings concerned existing friends and not strangers. 
Thus, those results may have been impacted by the notion that 
people in existing relationships tend to trust and know each other 
more. 

1.3 Asymmetry & mediated interaction 
Asymmetry in media has gained attention in recent years. In this 
paper, asymmetry will be defned as a specifc condition that can 
happen during mediated communication when people interacting 
have access to a diferent type, quality and/or number of social cues 

(e.g. voice, facial expression, touch, body posture). In 2008, Voida 
et al. discussed the presence of asymmetry in the media space and 
identifed six forms of asymmetry: asymmetry of media, of fdelity, 
of participation, of engagement, of beneft and asymmetry of place 
[22]. They observed that in the last twenty years, most research 
focused on achieving symmetrical reciprocity and aimed for the 
mitigation of asymmetry through technical and social methods. 
An example of a social method is making asymmetric interaction 
socially inappropriate (e.g. seeing someone on video while yours is 
disconnected being considered rude). However, they also argued 
that asymmetry, like symmetry, should be considered as an asset 
instead of being rejected. 

Recently, an increasing number of studies in mediated collab-
oration have focused on asymmetric systems, especially in the 
feld of virtual reality (VR), mixed reality and telepresence [16, 20]. 
However, most of this research focuses on collaboration and task 
performance. For example, Kolkmeier et al. [12] introduce a mixed 
reality toolkit for mediated collaboration designed to allow two 
people at a distance to work together with one person in VR and 
the other in augmented reality (AR). In 2019, Grandi et al. [9] also 
investigated collaboration performance between people in symmet-
ric or asymmetric VR and AR environments. What they discovered 
was that people in VR-AR asymmetry performed better than those 
in AR symmetry and slightly worse than in VR symmetry. Their 
results also highlighted the fact that, in their design, task collabora-
tion was not afected by the type of interaction and the diference 
in visualization (AR or VR). Despite the importance of social com-
munication, few studies measured the socialness of the interaction 
when investigating asymmetrical mediated interaction, and focus 
on the task-related aspects of the interaction [3, 12]. 

As access to VR, mediated haptic and telepresence using robotic 
avatars develops, people will use systems with a high level of social 
richness, making it possible to even surpass face-to-face interaction 
in terms of access to information, for example by integrating face 
recognition or physiological data. This highlights the importance of 
investigating the role of asymmetry in the social context and its pos-
sible efects on the interaction. Van Erp et al. [21] presented a new 
system for avatar-mediated interaction, using a humanoid robot. 
The robot can express multiple social cues such as eye gaze, facial 
expression, gesture and touch. Intended for remote collaboration 
and social interaction, it is important to note that this system intro-
duces several asymmetries in human-mediated interaction. While 
the robot controller sees the real face of the remote recipient via 
camera, the remote recipient only sees an abstract representation of 
the facial expression of the controller on the robot. Similarly, while 
the remote recipient will be touching, the controller will receive 
sensations from haptic wearable devices. In this system, people 
inherently have access to a diferent richness of information and 
asymmetry of media, fdelity, engagement or even place [22]. 

Further work is needed to investigate asymmetry in remote 
social interaction. This paper evaluates the efect of asymmetrical 
access to social modalities in a mediated dyadic interaction, on each 
party’s perception of the social presence of the other. In other words: 
"How does asymmetrical access to social cues in video-conferencing 
afect social interaction?" In symmetrical interaction, we know that 
more social media richness leads to better information transfer [6]. 
Thus, we expect that when more modalities are available, more 
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information will be obtained and the partner will be perceived 
as more present. (i.e. During a social-mediated interaction, people 
accessing more modalities will rate social presence higher than with 
fewer modalities (H1).) 

However, according to the hyperpersonal model [23], people in 
mediated interactions tend to compensate for missing modalities 
and may feel even more connected than when interacting face-
to-face. This raises the question: in which asymmetry condition 
of a mediated interaction (i.e. when receiving more cues or when 
sending more cues) does one feel more connected to the other. Our 
assumption is that people sending fewer cues will compensate more, 
so that the person receiving fewer modalities than their partner 
will rate social presence in the interaction higher (H2). 

2 METHOD 
Due to COVID restrictions at the time, this experiment took place 
online with participants interacting with each other from their 
respective homes. We recruited a total of 122 university students 
(55 female, 57 male). Most dyads were not strangers. The experiment 
was reviewed and approved by the Internal Review Board of the 
University of Twente (RP 2020-127). 

2.1 Experimental design 
We used access to audio and video to create the three communica-
tion groups and four communication conditions. Two groups, of 
14 dyads each, had symmetrical communication — each partner in 
condition “receiving and sending only audio” (“aa”), or each partner 
receiving and sending both audio and video (condition “bb”) — and 
one group, of 28 dyads, had asymmetrical communication: one part-
ner received both video and audio and sent audio only (condition 
“ba”), the other partner received audio only and sent both audio and 
video (condition “ab”). 

We had fve dependent variables, i.e. the fve sub-scales of Biocca’s 
questionnaire on social presence [4]: Loneliness (LO), Mutual Aware-
ness (MA), Emotional Contagion (EC), Mutual Understanding (MU) 
and Behavioral Engagement (BE). We reduced the number of ques-
tions in Biocca’s questionnaire from the original 34 to 26. All items 
were rated on a 5 points Likert scale. Analysis was performed on 
the individual level. 

2.2 Procedure 
Each participant was randomly paired with another to form a dyad. 
Dyads were randomly assigned to one of three communication 
groups. Participants either received course credits or €5 for their 
participation. At the start of the session, both participants were 
invited by the researcher on Zoom®, a video-conferencing soft-
ware from home to interact. After some explanation, they were 
both asked to follow the condition of the experiment (with/without 
video) and start the task. The dyad played a picture quiz in which 
both communication partners saw diferent pictures of a city and 
had to describe each other pictures for both to guess the name of 
the city and earn points. Additional pictures were displayed upon 
request at a scoring cost. We designed the quiz using the Qualtrics® 
survey platform. At the end of the session, the participants flled 

out an online survey using a provided link. At the end of the exper-
iment, each pair was debriefed. On average, the experiment took 45 
minutes to fnish for a maximum of 30 minutes spent on the task. 

3 RESULTS 
Out of the 61 dyads (122 participants), we removed fve, e.g. because 
they did not follow the instructions, resulting in 28 participants 
in each of the four conditions. We evaluated the validity of the 
social presence sub-scales with the Cronbach’s alpha as the original 
survey was shortened, see table 1. Except for MA being somewhat 
low (a > 0.6), most alpha values of the sub-scales are good (a > 0.7). 
This means that the survey, albeit shortened, is still valid. 

LO MA EC MU BE 
0.91 0.62 0.74 0.73 0.76 

Table 1: Cronbach’s alpha for the fve sub-scales of social 
presence 

Because the data did not follow the normal distribution, we 
conducted the Kruskal-Wallis test for both hypotheses (H1 and H2) 
and the Dune post-hoc analysis test for H1. 

3.0.1 Hypothesis 1. For the frst hypothesis, we compared par-
ticipants in dyads with access either to audio only (aa) with two 
modalities (both can only send audio), asymmetry (ab/ba) with 
three modalities (calculated as the sum of sending and receiving) 
and audio/video (bb) with four modalities (both send and receive 
audio and video). 

K.W. L MA EC MU BE 
p-value 0.178 0.0632 0.00775 0.458 0.224 

Table 2: Kruskal-Wallis test’s p-values for each social pres-
ence’s sub-scales depending on the number of modalities 

We found a signifcant efect on one sub-scale: Emotional Conta-
gion (p < .01) and a trend on Mutual Awareness (p < .07), see table 2. 
For these two sub-scales, we did a post-hoc analysis using Dunn’s 
method to test the sub-scales’ sensitivity and compare the diferent 
groups related to our frst hypothesis. 

To test the sensitivity of the sub-scales, we compared the condi-
tion with audio only (aa) to the group with both audio and video 
(bb) to see if we can reproduce the common fnding that more cues 
are preferred over fewer cues. The condition with both audio and 
video showed favorable scores on emotional contagion (p < .006, see 
Table 2) and a trend on mutual awareness (p < .06). We compared 
the asymmetry condition (ab & ba) to each symmetric condition 
(aa & bb). Post-hoc test showed a diference between asymmetry 
(ab & ba) and both audio & video for EC (p < .04). However, this 
efect is no longer signifcant after adjusting p for multiple testing. 
None of the other efects reached signifcance. 

3.0.2 Hypothesis 2. To test H2 “diference between giving and re-
ceiving”, we compared the two asymmetric conditions, i.e. giving 
more (ab) and receiving more (ba), with a Kruskal-Wallis test. Re-
sults showed a signifcant diference for loneliness only (Table 3) 
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K.W. LO MA EC MU BE 
p-value .017 .101 .298 .940 .721 

Table 3: Kruskal-Wallis test’s p-values for each social pres-
ence’s sub-scales between asymmetric conditions ab and ba 

where participants sending more cues felt less lonely than the 
ones receiving more: median ab = 3.5, median ba = 3.0; mean ab = 
3.39±.91, mean ba = 2.62±1.2. 

4 DISCUSSION 
Our fndings show 1) that richer media (here audio combined with 
video) results in higher scores for Emotional Contagion and Mu-
tual Awareness (trend) than less rich media (audio only), while 
asymmetry’s score tends to be in between audio and audio-video, 
but with no signifcant diference with either audio or audio-video 
and 2) that people sending more modalities score higher on the 
Loneliness sub-scale (feel more connected) than people who receive 
more modalities but send less than their partner. 

The frst result partially confrms the frst hypothesis for the 
Emotional Contagion and Mutual Awareness sub-scales and is par-
tially in line with MRT. However, no other sub-scales resulted in 
signifcant diferences between the groups, and there were no sig-
nifcant diferences between the symmetric and asymmetric groups. 
Moreover, Mutual Awareness was just a trend. In relation to MRT, 
this fnding may indicate that symmetric and asymmetric dyads 
follow the prediction of MRT, i.e. the more modalities or cues ac-
cessible, the more connected people may feel. 

The second result confrms the second hypothesis, but only for 
the loneliness sub-scale. It shows that, in asymmetric interaction, 
participants that send more cues than they receive (ab) rate the 
interaction as feeling more present/connected than participants 
that receive more cues than they send. This fnding indicates that 
sending and receiving social cues may diferently afect partners in 
a dyad, and that sending cues contributes more to feeling connected 
than receiving them. Another explanation could be that the par-
ticipants receiving audio and video, make an efort in getting eye 
contact with their partner but get no acknowledgement from them. 
This subconsciously brings the participants with a video feed to be 
negatively impacted by the ’disconnected’ video" on the other side. 
Finally, it is also possible that people receiving audio and video may 
feel uneasy (feeling of being rude) to send less than receive. It may 
be seen as violating existing social norms. This fnding is partially 
in opposition to the predictions of MRT as MRT only considers 
symmetric access and was not formulated to diferentiate between 
sending and receiving cues. This also contradicts the Hyperper-
sonal model as the person sending more information, i.e. revealing 
more with less control over information, feels more connected to 
the other. 

From previous research on asymmetric collaboration and atten-
tion in mediated interaction [18, 22], we expected signifcant efects 
on multiple social presence sub-scales. It is not yet well-studied 
how people’s facial expressions change when people consciously 
know that they are seen but don’t get immediate feedback from 
seeing their conversational partner’s reaction. Previous research 
showed that people’s facial expressions are diferent depending 

on their relationship with others or when they do not know they 
are observed [5, 13]. We can expect that our social signals may be 
afected when we feel we are virtually “behind a one-way mirror”. 
Our task was also sufciently "game-like" that people would tend to 
engage no matter what, thus suppressing what efects video might 
have had. 

4.1 Limitations 
Our study design could have been more robust with respect to the 
following aspects. 1) we used a condensed version of Biocca’s social 
presence questionnaire to limit participant strain, fatigue and loss 
of interest (which were very relevant during Covid-19 restrictions), 
but this may have afected the quality of the measurement. 2) Par-
ticipants needed to focus on a visual task, which may have limited 
their attention to the video of the other participant. 3) The study 
was performed during lock-down, on each individual participant’s 
equipment, potentially leading to uneven audio and video quality 
across participants. 

4.2 Conclusion and Future work 
We conclude that there are subtle and as-yet not-well-understood 
but important and complex efects of asymmetry in mediated dyadic 
communication. The informal rule of thumb to avoid asymmetry 
(for example, by turning of one’s camera when the other party’s 
camera is not working), will not be applicable in advanced telep-
resence systems currently under development. Research on asym-
metrical cues in social interaction beyond vision and audition and 
in relation to the Media Richness Theory and the Hyper-personal 
model is therefore timely and relevant. 

Future research will need to consider other measures such as 
cognitive load and user experience to investigate the efects of 
asymmetry further: we didn’t take into account possible compen-
sating behaviors from participants and the efect of social norms, i.e. 
people forced to send only audio might feel uneasy. Those include 
also: the efects of asymmetry on task performance; the impor-
tance of context, e.g. formal vs. informal; whether collaborative 
and competitive interactions are afected diferently; the efects 
of prior acquaintance; how these efects carry over to three-way 
communication and beyond; how power-dynamics are afected; etc. 
To conclude, this study highlights the importance of understanding 
the efects of asymmetry, as more advanced communication tech-
nologies and "hybrid" telepresence systems, including AR, VR, and 
robotic avatars will make asymmetric communication ever more 
common. 
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