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Avatars and telepresence robots have long received attention for remote communication. However, the

specific nature of their physicality, expressiveness, and mobility may affect their usefulness for different

tasks. This work compares using an avatar (presented in augmented reality) and a telepresence robot to

Face-to-Face (F2F) communication during different communication tasks: free conversation, negotiation, and

referential communication with movement. We conducted a user study (split-plot design, N=54) with the type

of representation of the conversational partner as the within variable and the communication task as the

between variable. Our results show that the type of task, especially referential communication with movement,

influenced the perceived attention to nonverbal cues and closeness. Generally, gestures and body movements

received the least focus with telepresence robots. Gestures in avatars and F2F drew similar attention, which

we attribute to the avatar’s tracking fidelity. Gaze received less attention in both avatar- and robot-mediated

communication compared to F2F, while facial expressions on the robot’s screen heightened attention compared

to avatars. These findings advance the fundamental understanding of mediated communication and support

researchers and practitioners in shaping the design of communication applications beyond today’s video calls.

CCS Concepts: • Human-centered computing → Empirical studies in HCI; Empirical studies in
collaborative and social computing; Computer supported cooperative work.

Additional Key Words and Phrases: robot-mediated communication, telepresence, avatar-mediated commu-

nication, nonverbal behavior, communication tasks, augmented reality, telepresence robots, avatars, virtual

humans

ACM Reference Format:
Stephanie Arevalo Arboleda, Jakob Hartbrich, Florian Weidner, Söhnke Benedikt Fischedick, Christoph

Gerhardt, Kay Richter, Christian Kunert, Bea Vorhof, Horst-Michael Gross, Wolfgang Broll, and Alexander

Raake. 2025. Robot, Avatar, or Human: The Impact of Partner Representation and Task on the Communication

Experience. Proc. ACM Hum.-Comput. Interact. 9, 7, Article CSCW472 (November 2025), 27 pages. https:

//doi.org/10.1145/3757653

1 Introduction
Research in Human-Computer Interaction (HCI) and Computer-Supported Collaborative Work

(CSCW) is moving rapidly toward communication technologies that allow for embodiment of the

conversational partner, i.e., virtual humans [31, 52] or telepresence robots [18, 56]. Although both

may achieve the goal of connecting people who are not co-located, it is unknown whether they

can effectively be the next step of videoconferencing for all types of communication. We evaluate

this by exploring the effect of task and communication medium on communication experience.

There have been a few efforts to compare different representations of a conversational partner for

communication tasks. We focus on Robot-Mediated Communication (RMC) and Avatar-Mediated

Communication (AMC), as these two can be the next step of traditional Computer-Mediated

Communication (CMC). Tsui et al. [76] conducted an online survey to investigate interactivity in

mediated communication. Their results show that video and RMC were rated more interactive than

phone calls but still not as interactive or personal as F2F. Sharan et al. [71] rank the relevance of

social cues in mediated communication that can enhance social presence. They deemed gaze (gaze

direction) as the most relevant , followed by facial expressions, and finally, body movements. Pan

& Steed [60] investigated trust in avatar-, robot-, or video-mediated communication. They found

that an avatar was rated with the lowest trust assessment, while robot and video showed similar

ratings. Interestingly, prior work has investigated the communication medium but not the type of

task. However, effective communication varies by task, each having unique demands. Negotiations

require trust, often conveyed through subtle nonverbal cues. Referential communication requires

© 2025 Copyright held by the owner/author(s).
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high-fidelity movement, challenging for many robots. Casual conversations need expressiveness to

cover a range of topics and emotions, ensuring engaging and meaningful interactions. Understand-

ing how communication methods perform across these tasks is crucial for optimizing collaborative

experiences.

We present a study that examines how an avatar and a telepresence robot can affect the com-

munication experience across tasks. For that, we compared an augmented reality avatar and a

telepresence robot in three dyadic communication tasks, i.e., free conversation, negotiation, and

referential communication. To contextualize the results, we compare both with a Face-to-Face (F2F)

condition. We evaluated co-presence, message understanding, perceived interpersonal communica-

tion satisfaction, closeness, and attention to behavioral cues in a mixed-methods experiment. Our

core contributions and findings can be summarized as follows:

• We show that, while F2F is superior, both avatar and robot led to effective and competitive

communication despite reduced ability to transmit the full nonverbal cues.

• We analyze which nonverbal cues are perceived as missing per representation and how

missing cues impact the communication experience (e.g., gaze andmimics for avatars, gestures

and body movement for telepresence robots).

• We provide empirical evidence that the movement context (sitting vs. walking) and commu-

nicative goal affects the perception of nonverbal cues during communication.

Our findings advance the fundamental understanding of mediated communication and guide

future research by highlighting the capability of users to adapt to missing cues. Our findings suggest

that striving for realistic visualizations and animation behavior might not be essential for certain

tasks and setups. Instead, more research should focus on accurately transmitting the available

remaining cues to establish a rich communication experience.

2 Related Work
2.1 Communication Types and Communicative Goal
F2F in-person interaction has been mentioned as the benchmark of interpersonal communication

[9]; investigating communication dynamics in mediated environments and comparing it to F2F can

support identifying where interaction designers should direct efforts to improve communication

experiences in both RMC and AMC. Sauppe & Mutlu [69] investigated the impact of nonverbal

behaviors on different types of communication tasks in F2F communication. They identified that

individuals rely heavily on deictic gestures and gaze in negotiation tasks, while in instruction tasks,

gaze is crucial to reinforce reference. In addition, they found that head movements and gaze can

predict outcomes in cooperative tasks, gestures in instructions, and gaze to reinforce reference.

Burgoon et al. [16] also mention that nonverbal behavior helps to structure interactions, establish

roles, convey intention and emotional states, and carry essential social meaning in F2F interaction.

In mediated communication, the "cues-filtered-out" theory suggests a one-to-one correspondence

between communicative cues and communicative functions. Beyond that, it states that if the

availability of nonverbal cues does not reach a similar level to that of F2F and there are no other

cues, this can lead to impersonal communication [23].

The International Telecommunication Union (ITU)
1
develops normative recommendations that

define the infrastructure of information and communication technologies. ITU-T Rec P.920 states

that the communication task is crucial when evaluating mediated audiovisual communication

and recommends that tasks should be designed in a manner that allows for focusing on the

audiovisual stimuli, "resemble real-life communication to a sufficient degree, and represent adequate

1
https://www.itu.int/en/ITU-T/about/Pages/default.aspx, Last accessed: 13. April 2025
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measures of communication efficiency" [46]. In AMC, Steed [73] mentions the relevance to "establish

standardized social tasks that could serve to measure the quality of communication and interaction."

We considered those premises to investigate how different types of communication tasks affect the

communication experience.Hence, we considered different types of tasks based on the ITU-T P.1305

[45] and previous findings of F2F communication tasks[69], namely, free conversation, negotiation,

and collaboration (in the form of referential communication):

• Natural conversations are spontaneous interactions rich in verbal and nonverbal signals [64].

Nonverbal cues such as proxemics, body movements, and object manipulation during natural

conversation can indicate the degree of involvement in a topic, situation, or with a conversational

partner [22]. It was found that facial expressions are crucial in natural conversations and can

predict rapport in small groups [54].

• Negotiation is a type of communication where individuals seek a mutual agreement and jointly

make decisions [72, 83]. Munier et al. [55] presented a model to support negotiation in CSCW,

which differs from negotiation in F2F. In terms of nonverbal behavior in negotiation in F2F, a

bigger interpersonal distance, gaze behavior (closing eyes and blinking), and body posture (facing

away from the conversational partner) can be indicators of disagreement [62]. Niemeier & Dirven

[58] also mention that posture and body movements can show dominance, and certain hand

gestures indicate frustration during negotiation discussions. Moreover, nonverbal behaviors have

been used to predict outcomes in dyadic negotiation [61]. Dong & Fu [24] showed that being

able to see the communication partner supports reaching a consensus in negotiation compared

to having only text or audio.

• Referential communication can be defined as a collaborative process where individuals coordinate

on the content and timing of what is meant and understood during a conversation to establish

a common understanding, i.e., grounding, [21]. Shared visual spaces and physical co-presence

provide visual information, e.g., seeing the partner’s head movements, facial expressions, body

movements, and environment as essential for grounding [33]. Gestures are crucial for referencing

as they convey semantic information and provide observational references in a physical space

[47]. Sauppe & Mutlu [69] also highlighted the importance of gaze for establishing references in

communication. Also, Fussell et al. [34] investigated pointing gestures via video where drawing

over a workspace improved performance during a physical collaborative task, compared to

pointing with the cursor. Furthermore, Chang et al. [17] provided annotations to collaborate via

video to help refer during physical collaboration tasks.

To summarize, these findings on F2F communication indicate that nonverbal behaviors have

varying impacts based on the communication type (communicative goal). In natural conversations,

facial expressions, gestures, and body movements convey information about involvement and

rapport. During negotiations, gaze, gestures, and distance facilitate understanding of the conver-

sational partner, help anticipate intentions, and enable adaptation to influence the outcome of

this particular communication type. For collaboration, gaze, gestures, and body movements are

essential for grounding and referencing, particularly in physical referential collaboration tasks. To

the best of our knowledge, there is a research gap in exploring nonverbal behaviors in avatar- or

robot-mediated communication across different communication contexts.

2.2 Presence, Closeness, and Behavior in Mediated Communication
2.2.1 Avatar-Mediated Communication. Avatars (human-controlled virtual humans) have been

the focus of communication and collaboration research in a variety of aspects, from simple social

conversations [32] and group work in school [65] to professional settings [31, 43]. While the

perception and the effect of the avatar’s style have received much attention (cf. Weidner et al. [80]),

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.
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the influence of context, especially the nature of the task, has received little attention, despite

it showing its effect on subjective and objective measures of performance such as the sense of

presence, agency, or embodiment. Similarly, direct comparisons with face-to-face setups are rare

but essential to judge the validity of a setup.

Various research have examined how to present an avatar. Research generally points towards

a highly realistic representation (e.g., [80]), consistently leading to high levels of embodiment

and social presence and improved communication behavior. A realistic representation also seems

to enhance communication quality [68] and understanding of nonverbal behavior [6]. Further,

nonverbal communication is similarly used in social virtual reality to real F2F interactions [52]. It

is not only important that the visualization looks realistic but also that it behaves realistically since

animation fidelity is crucial in avatar perception [1, 28]. Also, it should align with the quality of the

visualization [8]. Together, these factors can affect communication, e.g. in the form of interpersonal

outcome, presence, and attraction [41]. Next to that, other variables are important when interacting

with virtual humans. Movement and rendering style have been shown to affect gaze behavior and

social presence [4, 74, 81]. The audio and audiovisual plausibility impact communication behavior

[44]. It has also been shown that displaying facial expressions on avatars contributes more towards

positive experiences during communication than body movements [59].

In addition, few papers have investigated and compared virtual humans with F2F settings. Those

who did, agree that individuals often prefer F2F, e.g., Rogers et al. [66] show that participants

prefer face-to-face, feel closer to the communication partner, and are also more easily understood

in case of face-to-face. Participants also seem to be faster during collaboration [60], potentially

due to more available cues that can be leveraged for collaboration. Interestingly, Greiner et al. [35]

suggest that participants are more cooperative during avatar-mediated communication than F2F.

Research also showed that users apply different communication strategies when interacting in

social virtual reality, from applying different gestures in different contexts and requiring different

cues (depending on the situation and medium — F2F or VR) [26].

All in all, the aforementioned studies emphasize the importance of not only the conversational

partner’s look and feel for communicative outcomes but also the context in which it represents

a remote communication partner. Weidner et al. [80] suggest an influence of the type of task on

avatar design and visualization. However, to our knowledge, no prior work has investigated the

perception of an avatar across tasks and whether this changes communication behavior for the

better or worse.

2.2.2 Robot-Mediated Communication. Using telepresence robots to represent a communication

partner can enhance the communication experience by providing physical embodiment and evoking

higher social presence when compared to 2D avatars displayed on a screen [75]. Biehl et al. [11]

compared traditional video conferencing with F2F and kinetic videoconferencing, i.e., rotating

screen, and found that kinetic videoconferencing increased the perceived presence of the remote

partner for the local conversational partners. Similarly, Nakanishi et al.[56] found that forward and

backward movements of the camera in telepresence robots significantly improve social presence

compared to static or rotating cameras.

Telepresence robots can also influence nonverbal behavior during communication. Regarding

interpersonal communication distance (proxemics), Leoste et al. [51] found that participants kept

a communication distance between 60 and 160 cm when using a telepresence robot, and male

participants kept closer distances compared to female participants. Marmor et al. [53] found that

the spatial distribution of communication partners is smaller when using telepresence robots than

in F2F. Closely related, the orientation of the telepresence robot body was found to limit eye contact

and detecting facial expressions during communication; despite that, a body orientation similar to

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.
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the one of a human is still preferred [48, 49]. Added to that, subtle robot movements left or right,

either mimicking a conversational partner or random, which simulate the slight movements of

human bodies, increase the perceived closeness — using the Inclusion of Other in the Self Scale

(IOS) [5] when communicating with a remote partner [18].

The findings mentioned above show how nonverbal communication is affected when repre-

senting the confederate using a telepresence robot; however, it remains unclear whether these

behavioral changes are influenced by the type of communication (conversation, negotiation, ref-

erential communication) or whether individuals pay attention to specific behavioral cues during

interaction derived from the type of representation of the confederate. Similarly, research in avatar-

mediated communication has shown that the avatar itself influences communication behavior and

outcomes. However, no prior work investigated the influence of other factors such as the nature

of the communication task on communication behavior, which has been found to affect social

presence or the sense of agency [80]. We address this gap and compare a realistic personalized

avatar with a face-to-face condition across three tasks.

3 Motivation and ResearchQuestions
The design of CSCW systems is influenced by and often compared with communication in F2F [69]

where different communication types (natural conversation, negotiation, and collaboration) serve a

distinct communicative goal and may elicit attention to different nonverbal and verbal behaviors.

Here, it has been shown that people adapt behavioral cues to the type of mediated communication,

e.g., text only, audio only, or F2F [69, 79]. That is why we propose investigating whether previous

findings on the influence of type of communication on nonverbal behavior in F2F (cf. Section 2.1)

apply for AMC and RMC. AMC and RMC are often investigated individually, focusing on social

presence, closeness, and satisfaction (Section 2.2). This individual investigation of AMC, RMC,

and F2F communication does not facilitate a direct comparison of results under similar conditions

and within the same communicational context. Therefore, our goal is to expand the knowledge

on attention to nonverbal behaviors, social presence, closeness, and communication satisfaction

during different types of communication tasks and mediated communication (AMC and RMC). To

achieve that, we propose the following Research Questions (RQs):

RQ1: What are the perceptual differences when representing a conversational partner using a robot

or an avatar compared to F2F in-person communication?

RQ2: How do different tasks influence the perception of the communicative experience and the

perception of the representation of the conversational partner?

4 Study
We present a 3x3 split-plot design experiment to understand the influence of the type of repre-

sentation of the conversational partner as the within-participants variable (F2F as the control

condition, robot, and avatar) and type of communication task as the between-participants variable

(free conversation, negotiation, and referential communication). We used a Balanced Latin Square

[15] to balance ordering effects for our within-subject variable.

For this study, the conversational partner was a confederate. The confederate acted as the remote

user, who is presented F2F, using an avatar or a telepresence robot for all communication tasks.

The confederate had previous experience conducting similar experiments and was already familiar

with controlling the robot and the tasks gained during development and pilot testing. We chose an

amateur actor from the local university to avoid the confounding effects of different personalized

avatar designs.

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.
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(a) Conversation F2F (b) Survival Task F2F (c) Tangrams F2F

(d) Conversation AMC (e) Survival Task AMC (f) Tangrams AMC

(g) Conversation RMC (h) Survival Task RMC (i) Tangrams RMC

Fig. 2. Overview of tasks with the confederate represented as an avatar or using a telepresence robot.

4.1 Tasks
We selected three different types of communication tasks (between groups variable): (1) a free

conversation that represents everyday informal and spontaneous social interactions, (2) negotiation

to encourage negotiation interactions, — we selected the desert survival game task, used in multiple

communication studies and evaluation of telemeeting systems, as described in the ITU-T Rec.P1301.

Appx. VI [45], and (3) a referential communication task using tangrams [21], see Figure 2. Each

communication task lasted 4 minutes.

4.1.1 Free Conversation — Conversation. To encourage conversational flow, we provided partici-

pants with three different topics. Each topic had some questions that participants could use to make

conversation: living in the current town where the university is located (e.g., likes and dislikes,

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.
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weather, housing, transportation), discussion on the food served in the canteen (e.g., likes and dis-

likes, price, variety of dishes, schedule, wishes), and a discussion on recycling and waste treatment

(local recycling options, importance, personal experience with recycling). For each participant, the

order of conversation topics (town, canteen, recycling) followed a balanced Latin square distribution

to balance the ordering effects of the topics. Before each conversation, participants had time to

familiarize themselves with the topic by reading the topics and conversation starter questions

on paper; each contained only one topic, and they read one topic at a time. The experimenter

mentioned to participants that they could freely choose to use or not use the suggested questions.

We aimed to keep the conversation afloat and avoid uncomfortable silences from not knowing the

conversational partner. During the experiment, the confederate often asked follow-up questions

based on each participant’s answer. During the tasks, participants sat on the opposite side of a

table where the confederate was sitting and had no physical object to manipulate.

4.1.2 Negotiation — Survival Task. The goal of the task is to agree on six different objects out of 15

that would help them survive in a plane crash. To agree on what items to prioritize, individuals

must reason their choices and explain to the conversational partner why each object is necessary.

We used three plane crash scenarios from the ITU-T Rec.P1301 Appx. VI, (1) in a sand desert, (2) in

open water (sea), and (3) in a remote area covered in ice [45]. Participants were instructed to read

the scenario displayed on an A1 poster in the room, which had images and written descriptions of

the 15 objects on a table in front of them. During the task, the description of the scenario and the

objects were always visible, and participants could point out the objects. The order of each scenario

followed a balanced Latin square distribution.

4.1.3 Referential Communication with Movement — Tangrams Task. The referential communication

task explores how conversational partners agree on landmark descriptions or unusual objects, e.g.,

tangrams [21]. The tangram task has been widely used to explore referring dynamics and is often

carried out sitting in front of a table. However, we considered adding physical movement and

displayed 17 tangrams around a room, Figure 2. We added movement to this type of communication

task to explore what behaviors individuals focus on when there is movement during communication.

In this type of communication task, each conversational partner has a role, i.e., participants were

"directors" who gave descriptions, and the confederate was "the matcher" who listened to the

descriptions and made a guess. Participants would hold in their hands copies of the same 17 images

displayed in the room and were instructed to verbally describe the image they had in their hands

in one sentence. The confederate guesses each description. If the confederate guesses the wrong

object, participants will give a second verbal description of the figure or add more details. The

goal of the task is to guess the highest number of objects during a specific time frame. During the

task, the participant and the confederate were standing, and the confederate was walking/moving

around the room, looking for the figure that would match the verbal description. For the referential

communication task, the confederate was instructed to walk around the room and take some time

before answering.

4.2 Procedure
Each experiment lasted approximately 60 minutes and was carried out in the following order. (1)

Participants were welcomed to the experiment, given a short introduction about the experiment

and the equipment to be used, and signed a consent form. (2) Next, they filled out a demographic

questionnaire about previous experiences with AR/VR HMDs and robotic systems. (3) After that,

participants were informed about the dynamics of the experiment and the task. (4) Then, we

proceeded to calibrate the devices, depending on the condition (robot, avatar, F2F) they would

experience. Participants either sat at a specific side in front of a table (for the conversation or survival

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.
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task) or stood at a specific location in the room, seeing all the images around them (tangrams).

They executed the task for 4 minutes per condition. (5) After each condition (communicating

with the confederate in F2F, through an avatar or a robot), participants were instructed to fill out

questionnaires about their experience and report their likes and dislikes about their experience in a

written form. (6) Finally, they filled out a form to receive their compensation for their participation.

4.3 Measures
We collected subjective impressions of interpersonal communication using questionnaires and

asked final open-ended questions about the experience. We use validated questionnaires to explore

the impact of the type of task and conversational partner representation on specific constructs,

i.e., presence, closeness, communication satisfaction, and perceived attention to behavioral cues.

The most common manner of measuring presence is through questionnaires, e.g., [4, 6, 56]. That

is why, we considered co-presence (6 questions) and Perceived Message Understanding (PMU) (6

questions) from the networked minds social presence inventory [12, 38] using a 7-point Likert

scale ("1-Strongly Disagree" to "7-Strongly Agree"; note that we consider high scores in perceived

message understanding as a measure of communication effectiveness). Also, we measured per-

ceived communication satisfaction using the Interpersonal Communication Satisfaction Inventory

(ICSI) [40], 19 questions using a 7-point Likert scale ("1-Strongly Disagree" to "7-Strongly Agree").

This questionnaire has been previously used to measure communication satisfaction [6, 10] in

social virtual environments. In addition, we aimed to understand the subjective closeness to the

conversational partner after the communication experience similar to Choi et al.[18], using the

Inclusion of Others in the Self questionnaire [5]. This measures how close a person feels with

another person using one question that uses a pictorial representation of the self and the other on

a 1-7 scale ("1-no overlap", "2-little overlap", "3-some overlap", "4-equal overlap", "5-strong overlap",

"6-very strong overlap", "7-most overlap").

To measure the perceived attention to behavioral cues, we used the questions from Roth et al.

[67] that consider gestures, facial expressions, body movements, speech, eye gaze, proximity (how

close or far the other was). The question used was "On which behaviors did you focus on during
the interaction the most?". For each behavioral cue, participants rated their focus using a 7-point

Likert scale ("1-not at all focused on" to "7-strongly focused on"). Also, we asked whether the

aforementioned behaviors were transmitted using the question: "Was this behavior transmitted?",
and participants could respond to it with Yes or No. After the AMC condition, we asked participants

to rate the avatar’s appearance "The appearance of the person you interacted with face to face is
similar to the appearance of the avatar you saw." on a 7-point Likert scale (1-strongly disagree to

7-strongly agree).

After interacting with the confederate —represented using an avatar or a robot— participants

described their experience in a written form in at least three sentences, highlighting the positive

and negative aspects of each type of representation. Finally, participants ranked their preferred

type of representation (avatar, robot, F2F) and provided the reasoning behind their rank in written

form (at least three sentences).

To evaluate the collected data, we used a mixed methods approach. The questionnaire data were

analyzed using Aligned Rank Transform (ART) [25] as normality was not confirmed by visual

inspection using QQ-plots and Shapiro-Wilk tests. We calculated post-hoc pairwise comparisons

using ART-C and Bonferroni correction if significant differences were detected. To better understand

participants’ general impressions on the interaction with the telepresence robot or the avatar, we

performed a sentiment analysis and Thematic Content Analysis (TCA) using MAXQDA Pro 24.8.0
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Fig. 3. System architecture of the robotic system.

2
. For these analyses, we considered the written assessment of their experiences after each type of

representation and the explanations about the reasoning behind their ranking. MAXQDA sentiment

analysis feature uses SentiWordNet 3.0. [7]. Our TCA followed Anderson’s approach [2]. Two

researchers analyzed the data separately, provided codes inductively, and converted them into

themes. The resulting separate themes were then contrasted, consolidated and rated by another

researcher in a following meeting. The themes from both researchers highlighted the aspects

mentioned below. The final phrasing of the themes were agreed upon from the two coders and

the third researcher who was contrasting the results. We established as the criterion for relevancy

that at least 10 different participants should have mentioned the same aspect. We set the bar at

10 mentions, as it shows that more than half of the participants in the between condition (type of

task) mentioned a specific aspect. Although, our criterion for relevancy (half of the participants

mentioning an aspect as a measure of relevance) is not common practice in thematic analysis, in

content analysis considering frequencies to reach a final theme can be an accepted practice [13, 77].

4.4 Apparatus
4.4.1 Robotic Platform. As shown in Figure 3, our robot-based collaborative telepresence system

allows communication between two users, enabled by a self-hosted video conferencing system

based on WebRTC. The robot is based on a MetraLabs TORY
3
platform, which was customized

with additional sensors and actuators according to Fischedick et al.[29]. For this study, the robot’s

Microsoft Azure Kinect
4
transmitted the video image to the remote user. We used a Rode Wireless

GO* microphone to ensure high-quality audio and clear communication. The LG HF60LS Largo

2.0
5
projector, mounted on a FLIR PTU E46

6
, emitted a narrow, low-power laser beam to point at

locations with a small green-colored spot. The PTU enabled the projector to move independently

of the robot’s camera position. On the remote site, a desktop computer was used, equipped with a

Logitech Brio Stream
7
webcam, enabling the video calling.

To provide remote control of the robot and enable the projector-based highlighting, a Panop-

ticNDT [70] map was employed as a 3D representation of the environment. This map enabled

2
https://www.maxqda.com/, Last accessed: 13. April 2025

3
https://www.metralabs.com/de/inventurroboter/, Last accessed: 17. October 2024

4
https://www.microsoft.com/en-us/d/azure-kinect-dk/8pp5vxmd9nhq, Last accessed: 17. October 2024

5
https://www.lg.com/de/beamer/portable-und-lifestyle-projektoren/hf60ls/, Last accessed: 5. May 2025

6
https://www.flir.eu/support/products/ptu-e46/, Last accessed: 17. October 2024

7
https://www.logitech.com/en-us/products/webcams/4kprowebcam.960-001390.html, Last accessed: 17. October 2024

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.

https://www.maxqda.com/
https://www.metralabs.com/de/inventurroboter/
https://www.microsoft.com/en-us/d/azure-kinect-dk/8pp5vxmd9nhq
https://www.lg.com/de/beamer/portable-und-lifestyle-projektoren/hf60ls/
https://www.flir.eu/support/products/ptu-e46/
https://www.logitech.com/en-us/products/webcams/4kprowebcam.960-001390.html


Robot, Avatar, or Human CSCW472:11

Lip-​synchronization
(Oculus Lipsync)

Eyetracking

Handtracking

Spatial Audio
(Unity)

Computer (Unity)

Varjo XR-4

Network Connection
(Photon Fusion & Photon Voice)

Inverse Kinematics 
Body Movement

Avatar Rendering
(Character Creator 4)

Lip-​synchronization
(Oculus Lipsync)

Eyetracking

Handtracking

Spatial Audio
(Unity)

Computer (Unity)

Varjo XR-3

Inverse Kinematics 
Body Movement

Avatar Rendering
(Character Creator 4)

Reference points:
HMD + handtracking 

+ 4 Vivetrackers

Reference points:
HMD + handtracking

ParticipantCommunication Partner

Fig. 4. Overview of the AR system architecture.

the remote user to click into the transmitted video image. Our system retrieves the global 3D

coordinates by ray-casting the selected pixel. The resulting 3D coordinate was then used as a goal

for path planning, allowing the robot to autonomously navigate to the target position or as a point

to highlight using the projector, depending on whether the remote operator performed a left or

right click. Additionally, the robot could be turned using the left and right arrow keys and driven

forward and backward using the up and down arrow keys.

4.4.2 AR System. Our AR system enables bidirectional communication. We developed our system

with Unity 2022.3.8f1. Data is exchanged between the users via Photon Fusion
8
. The confederate

wore a Varjo XR-3 Head Mounted Display (HMD), while the participant used a Varjo XR-4. Ad-

ditionally, the Varjo XR-4’s built-in microphone and a Logitech H390 headset for the Varjo XR-3

were utilized for voice communication. We used SteamVR tracking instead of the built-in inside-out

tracking of HMDs as it provided better stability in our tests and support for VIVE trackers.

Both persons were visualized on the remote side as avatars, animated using head and hand

tracking from the HMD and, optionally, VIVE trackers. The confederate used a setup that included

the HMD and four VIVE trackers — one for each wrist and one for each ankle. This allowed for

full-body tracking with additional finger tracking. The participants only had their heads tracked

continuously using the HMD’s position and hand tracking when the hands were in the sensor’s

field of view.

Both avatars — confederate and participant’s —were animated with the aforementioned data. As

the data did not provide information on each bone, we included final IK
9
to implement full-body

Inverse Kinematics (IK) and used its VRIK component in animated mode. The avatars tended to

shake slightly because we did not use a hip tracker. We, therefore, modified the animation blending

by giving more weight to the idle animation. We track all four limbs and head targets for the

confederate’s avatar. We assigned the head and hand targets to the avatars of the participants. As

the hand tracking might be invalid here, we moved the targets to a default idle pose if no tracking

is available. We also animated the eyes and eyelids using the eye-tracking data collected from the

HMD. Lastly, the lower face was animated using visemes and corresponding blendshapes. The

viseme weights were determined using Oculus LipSync
10
.

To provide the best visual experience, we used Unity’s High-Definition Render Pipeline (HDRP).

We placed several lights in the scene to recreate the real-world light setup. We kept the HMD’s

8
https://www.photonengine.com/, Last accessed: 9. October 2024

9
http://root-motion.com/ Last accessed: 9. October 2024

10
https://developer.oculus.com/documentation/unity/audio-ovrlipsync-unity/, Last accessed: 9. October 2024
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(a) Full front (b) Face (c) Side view

Fig. 5. Final result of the avatar design process as viewed in Unity.

white balance, exposure, and ISO in automatic mode to ensure the best image quality. An increased

image quality is preferred to allow a better comparison with the perception of a real person during

F2F.

4.4.3 Avatar Design and Implementation. The choice of the avatar’s visual design played an im-

portant role in the study. The goal was to ensure a high degree of resemblance to the confederate

involved in the experiment, facilitating more accurate behavior analysis in the different communi-

cation scenarios.

We used Character Creator 4
11
, a 3D character modeling software with customization capabilities.

The process began with a detailed analysis of the actor’s physical attributes, including facial

structure, body type, and distinctive features. These characteristics were then carefully replicated

within the software to create a lifelike digital counterpart. We incorporated specific visual features

unique to the confederate, such as tattoos, which served as both an aesthetic and functional

component in creating a relatable and recognizable avatar for participants. Iterative refinements

ensured that the avatar’s appearance remained consistent under various lighting and interactive

conditions. The confederate repeatedly evaluated the avatar design to ensure the resemblance. Also,

we verified that the look-alike avatar can be recognized by people acquainted with the confederate

by carrying out a one question survey with 10 persons where we showed a picture of the real person

and its avatar and asked to rate the level of similarity. During the experiment, the confederate wore

a black t-shirt and jeans to match the avatar’s appearance. The final result of the avatar design is

shown in Figure 5.

4.5 Participants
We performed a priori power analysis using G*Power version 3.1 [27] with a significance criterion

of 𝛼 = .05 and power = .75 for detecting a medium effect. This led to a minimum sample size of

N = 54. Thus, we recruited 54 participants through a general university student and staff mailing

list where general information about a mediated communication study with a telepresence robot

and an avatar were mentioned. Participants were distributed into 3 groups (18 participants per

type of communication task). Here, 21 self-identified as female and 33 as male, ranging from 21

to 64 years old (M = 28.91, SD = 6.96), all enrolled as students or university staff. We collected

11
https://www.reallusion.com/character-creator/, Last accessed: 14. April 2025
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(a) Co-presence (b) Communication Satisfaction

(c) Closeness

Fig. 6. Influence of type of confederate’s representation and type of task, measured using a 7-point Likert
scale. F2F led to the highest scores compared to the other two representations. The white dot on the boxplot
indicates the mean.

Table 1. Summary of results per type of representation and task (M = mean, SD = standard deviation).

F2F Avatar Robot Conversation Survival Task Tangrams
M SD M SD M SD p M SD M SD M SD p

Co-presence 6.72 0.81 6.05 1.15 6.07 1.21 <001 6.18 1.18 6.35 1.02 6.31 1.15 .74

PMU 4.84 2.60 4.81 2.23 4.8 2.33 .49 4.68 2.53 4.93 2.39 4.85 2.25 .27

ICSI 5.90 1.64 5.30 1.71 5.39 1.70 <001 5.54 1.69 5.57 1.75 5.48 1.66 .48

Closeness 5.65 1.49 4.20 1.92 3.94 1.85 <.001 3.91 2.06 4.89 1.64 5 1.83 .04
Body Movements 5.74 1.70 5.69 1.85 3.98 2.18 <.001 5.15 1.95 4.91 2.17 5.35 2.13 .74

Facial Expressions 5.96 1.40 3.96 2.09 4.89 2.09 <.001 5.76 1.48 5.11 2.07 3.94 2.13 <.001
Gaze 5.72 1.52 3.44 2.06 4.15 2.12 <.001 5.20 1.85 4.69 2.16 3.43 2.02 <.001
Gestures 5.46 1.75 5.28 1.96 4.35 2.08 <.001 5.07 1.92 4.74 2.09 5.28 1.93 0.31

Speech 6.78 .46 6.48 .86 6.56 .74 <.001 6.48 .74 6.63 .78 6.7 .60 .3

Proximity 5.28 1.89 4.5 2.01 4 2.35 <.001 4.26 2.12 4.44 2.20 5.07 2.05 .2

information about previous experiences with robots or AR/VR technologies using a questionnaire

to determine if a novelty factor could influence our results. Accordingly, 38 subjects reported having

prior experiences with AR/VR, and five reported having some experience with telepresence robots.

The participants gave informed written consent and received 12.50 € for participating in the

experiment. This study was pre-approved by the university’s ethics committee and carried out

following the guidelines of the national research organization and the Declaration of Helsinki.

5 Results
We present a summary of mean values, standard deviations, and p-values in Table 1 and refrain

from reporting those values in text to improve readability. Raw data and scripts used to calculate

statistics and generate figures are available in Appendix A.
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5.1 Co-presence and Perceived Message Understanding
Figure 6a illustrates results on co-presence. Our results show significant differences only for the

type of representation (F (2,912) = 161.80, p < .001, 𝜂2𝑝 = .26). Post-hoc pairwise comparisons show

that F2F led to higher scores in co-presence compared to the robot or avatar . We also found

interaction effects of task and condition (F (4,912) = 24.01, p < .001, 𝜂2𝑝 = .10), mainly due to the

main effect of type of representation, where higher scores were evoked for F2F for all types of tasks

compared to the tasks performed with the avatar or the robot.

Regarding perceived message understanding, we found no significant differences for the type

of task or the condition, see Table 1. This can indicate that during the mediated communication,

participants could understand and interpret the message from their confederate similarly to F2F

communication.

5.2 Interpersonal Communication Satisfaction
Similarly to co-presence, we found a main effect for the type of representation (F (2,3018) = 118.32,

p < .001, 𝜂2𝑝 = .07). Post-hoc pairwise comparisons show that F2F led to significantly higher scores

compared to the robot ( or avatar , cf. Figure 6b. Overall, the scores for communication satisfaction

were high for both types of representations. Also, we found interaction effects of task and condition

(F (4,3018) = 7.19, p < .001, 𝜂2𝑝 = .01), which stem from the main effect. Namely, post-hoc comparisons

showed that executing all types of tasks in F2F led to significantly higher scores when compared to

the same tasks performed with the robot or the avatar.

5.3 Closeness to Others
We found a significant main effect for the type of representation (F (2,102) = 32.60, p < .001, 𝜂2𝑝 = .38)

and the type of task (F (2,51) = 3.44, p = .04, 𝜂2𝑝 = .11) with no significant interaction effects (F (4,102)
= .28, p = .89, 𝜂2𝑝 = .01). For the type of representation, we found a similar result to the previous

measures, where F2F led to the highest reported closeness compared to the avatar or the robot

. After conducting post-hoc pairwise comparisons for the type of task, we found no significant

differences between the conversational vs. survival task (p = .14), survival vs. tangrams (p = 1.00),

and conversation vs. tangrams (p = .05), further information in Table 1.

5.4 Attention to Behavioral Cues
Figure 7 summarizes the participants’ perceived transmission or absence of behaviors per type of

representation and task. Figure 8 showcases a distribution of the behavioral cues that participants

reported paying more attention to.

5.4.1 Gestures. Our results show a significant difference in the type of representation (F (2,102) =
10.73, p < .001, 𝜂2𝑝 = .17). Post-hoc pairwise comparisons show that participants reported focusing

less on gestures when the confederate was represented using a robot compared to using an avatar

or compared to the real person in F2F , Figure 8. There were no other significant differences for

type of task, see Table 1, or interaction effects (F (4,102) = .73, p = .57, 𝜂2𝑝 = .03).

5.4.2 Facial Expressions. We found significant main effects of both, type of representation (F (2,102)
= 26.54, p < .001, 𝜂2𝑝 = .34), type of task (F (2,51) = 14.38, p < .001, 𝜂2𝑝 = .36) and a significant interaction

effect (F (4,102) = 5.70, p < .001, 𝜂2𝑝 = .18). Post-hoc comparisons show that participants reported

paying significantly more attention to the facial expressions of the confederate when interacting

F2F compared to the interaction through a robot or compared to the avatar and more on the facial

expressions using a robot compared to the avatar , see Figure 8.
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(a) Type of representation

(b) Type of Task

Fig. 7. Bar graphs show the number of participants that perceived each behavior as being transmitted or not.
Gaze was perceived as the least transmitted.

Fig. 8. Perception of nonverbal behaviors’ transmission, measured using a 7-point Likert scale, with significant
differences on the confederate’s type of representation. The white dot on the boxplot indicates the mean.

Regarding the tasks, we found that participants reported focusing significantly less on the facial

expressions of their confederate during the tangrams task compared to the survival task or free

conversation task .
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Regarding interaction effects, we highlight only the significant differences between types of

representation within the same task, as they are relevant to our RQs (e.g., F2F-Tangram vs. Avatar-

Tangram but not F2F-Tangram vs. Avatar Conversation). Here, we found that during the survival

task, i.e., negotiation, using an avatar (M = 3.44, SD = 2.06) led to the least reported focus on facial

expressions compared to performing the same task in F2F (M = 6.22, SD = 1.26), (p < .001) or with

the confederate represented using a robot (M = 5.67, SD =1.72), (p = .003). Also, the tangram task,

i.e., referential communication with movement, in F2F (M = 5.33, SD = 1.75) prompted a higher

focus on the facial expressions compared to the execution of the same task when the confederate

was represented through a robot (M = 2.89, SD = 1.94), (p = .001) or an avatar (M = 3.61, SD = 2), (p

= .04).

5.4.3 Speech. Our analysis highlights only a significant main effect of the type of representation

(F (2,102) = 8.77, p < .001, 𝜂2𝑝 = .14). Participants reported a significantly higher focus on speech

during F2F compared to the confederate’s representation through a robot or an avatar. There were

no other significant differences for type of task, see Table 1, or interaction effects (F (4,102) = .88, p
= .48, 𝜂2𝑝 = .03).

5.4.4 Gaze. Our results indicate a significant main effect of type of representation (F (2,102) =
39.94, p < .001, 𝜂2𝑝 = .43) and task (F (2,51) = 10.006, p < .001, 𝜂2𝑝 = .28), as well as, significant

interaction effects (F (4,102) = 3.03, p = .02, 𝜂2𝑝 = .10). In terms of type of representation, we found

that participants reported paying significantly more attention to the confederate’s gaze during F2F

compared to mediated interactions using a robot or an avatar , Figure 8. Also, pairwise comparisons

showed significant differences for the type of task, wherein participants focused the least during

the tangrams task compared to the survival or free conversation task .

Regarding significant interaction effects, we present only the significant differences between

types of representation within the same task, as they are relevant to our RQs. Here, having free

conversation in F2F (M = 6.33, SD = .68) led to a significantly higher reported focus on gaze than

conversing with the confederate’s avatar (M = 4.28, SD = 2.24, p = .001). Performing a survival

task, i.e., negotiation, with the confederate’s avatar (M = 3.17, SD = 2.01) led to the lowest reported

focus on gaze compared to the representation of the confederate using a robot (M = 4.94, SD = 2.07),

(p = .01) or when interacting F2F (M = 5.94, SD = 1.43), (p < .001). During the tangram task, i.e.,

referential communication with movement, participants reported focusing significantly more on

gaze during F2F (M = 4.89, SD = 1.88) compared to the confederate’s representation using an avatar

(M = 2.89, SD = 1.74),(p = .002) or a robot (M = 2.5, SD = 1.62),(p = .001).

5.4.5 Body Movements. We found only a significant main effect of the type of representation

(F (2,102) = 21.33, p < .001, 𝜂2𝑝 = .29). Participants reported focusing significantly less on the body

movements of the robot compared to their confederate’s representation using an avatar or F2F , see

Figure 8. There were no other significant differences for type of task, see Table 1, or interaction

effects (F (4,102) = 2.07, p = .09, 𝜂2𝑝 = .07).

5.4.6 Proximity. Our results show a significant main effect only of the type or representation

(F (2,102) = 9.69, p < .001, 𝜂2𝑝 = .15) Participants reported paying significantly more attention to the

proximity of the confederate during F2F interaction compared to the confederate’s representation

through an avatar or a robot. Our results did not yield significant differences for type of task, see

Table 1, or interaction effects (F (4,102) = .63, p = .64, 𝜂2𝑝 = .02).
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5.5 General Preferences on Type of Representation
The preference ranking for participants’ preferences showed that 50 participants preferred having

the confederate as a real person in F2F (first option), followed by representing the confederate using

a robot — 29 participants mentioned this as the second preferred option, and finally representing

the confederate using an avatar — 31 participants mentioned this as their third option. Participants

also rated the avatar’s physical appearance compared to the real confederate (M = 3.72, SD =1.71),

using the question mentioned in Sect. 4.3, indicating an average agreement regarding similarity.

5.6 Sentiment and Thematic Content Analysis
The sentiment analysis revealed that, regarding the confederate’s representation using a robot,

participants were either neutral (23) or rather positive (20 slightly positive, 3 positive), and only

8 rather negative counts (7 slightly negative, 1 negative). In terms of the confederate’s avatar,

participants were mostly neutral (29), followed by rather positive counts (13 slightly positive, 2

positive), and 10 rather negative counts (9 slightly negative, 1 negative).

Our TCA led to six themes:

(1) Ambivalent visibility of mediated nonverbal behavior

(2) The avatar does not feel natural, there is something creepy

(3) The feeling of presence

(4) Using a robot to communicate felt like a video call

(5) The avatar’s physical resemblance to the confederate

(6) Ergonomics of the HMD

The participants identified with "P" are the participants who performed the free conversation

task, the letter "S" stands for participants from the survival task (negotiation), and "T" stands for

participants involved in the tangrams (referential communication with movement) task. Note that

the task was a between-subject factor.

5.6.1 Ambivalent visibility of mediated nonverbal behavior. This theme contains either positive (19

mentions) or negative aspects (26 mentions) of the confederate’s transmitted or not transmitted

nonverbal behaviors.

Participants expressed being able to distinguish nonverbal behaviors during the tangram task

(9 mentions), e.g., T15, "I liked that the other person was able to easily point when using the

robot." Twelve mentions are related to the avatar representation, e.g., T3, "the avatar was looking

directly at me," T10, "the gestures and the movements helped to understand what figure the avatar

meant." However, most participants expressed the downsides of not being able to distinguish

certain nonverbal behaviors of the confederate (26 mentions) when represented using the avatar

(20 mentions) or the robot (6 mentions). Most participants mentioned these aspects during the free

conversation (12 mentions) or the survival, i.e., verbal negotiation (11 mentions) tasks. For example,

regarding interaction with the confederate’s avatar, S6, "I missed detailed facial expressions," S13, "It

is very strange not to see any real facial expression or emotions on the face." Regarding interaction

with the robot, S9, "eye contact seemed difficult during the communication," It is crucial to note

that participants were seated in front of the confederate during both tasks.

5.6.2 The avatar does not feel natural, there is something creepy. In this theme, participants men-

tioned aspects related to the avatar, such as "feeling not natural" (11 mentions) or that there was

something "creepy" (11 mentions) during the experience.

Regarding the experience not feeling natural (3 mentions during the tangram task, 5 mentions

during the survival task, and 3 during the free conversation), e.g., S3, "the avatar felt completely

artificial," S7, "It lacks a natural environment, it feels like we are stuck in a box," S9, "it feels so

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.



CSCW472:18 Stephanie Arevalo Arboleda et al.

weird to communicate with someone who seems like coming out of a 3D game." Regarding feeling

uncomfortable with the avatar, participants mentioned these aspects mostly during survival task (5

mentions), followed by the the tangrams (4 mentions) and the free conversation (2 mentions). For

example, T16, "when the avatar came close, I felt a little bit uncomfortable," S2, "it did not feel like a

real human, it had dead eyes," S14, "it is not comfortable to make eye contact because it was scary,"

T10, "the avatar was more or less creepy."

5.6.3 The feeling of presence. This theme collects participants’ mentions of the feeling of presence

or having a similar experience to the one during F2F (18 mentions: 7 mentions during tangrams, 6

during the survival task, and 5 during the free conversation task).

This aspect was mentioned by eight participants when communicating with the confederate

using the robot, e.g., P10, "it is as if the other person is sitting right in front of me," T14, "the other

person was not only on the video but also with the physical presence of the robot" and 10 when

communicating using the avatar, e.g., T11, "I felt like the person was present with me, seeing the

same things as I did," S15, "it made me feel like he was actually in the room."

5.6.4 Using a robot to communicate felt like a video call. This theme collects participants’ expres-

sions where they compared or related the mediated communication to that of a video call (16

mentions).

Most participants made this comparison during the mediated experience using the robot and

during the free conversation or the survival task (14 mentions). Here, participants mentioned, S11,

"I like that it felt like a video call but more interactive," S12, "it felt like an online meeting," P3, "it is

better than Google Teams meetings," P15, "typical video call."

5.6.5 The avatar’s physical resemblance to the confederate. In addition to rating the avatar’s physical
resemblance, see Sec. 5.5, this theme represents impressions of participants when comparing the real

confederate interacting in F2F with the representation using an avatar (12 mentions are distributed

into 5 mentions on tangrams, 3 mentions on the survival task, and 4 mentions on free conversation).

The impressions on whether the avatar resembled or not the real person were mixed. For example,

T3, "the face of the avatar looked a bit angry," S4, "the avatar was not resembling the real person,"

P14, "The avatar was resembling the real person which was quite good," S15, "the avatar was similar

to the real person."

5.6.6 Ergonomics of the HMD. In this theme, participants were uncomfortable wearing the HMD or

with the image quality (11 mentions); we used the Varjo XR-4 focal edition. Most of the comments

about ergonomics were expressed during the tangrams task (6 mentions), followed by the survival

task (3 mentions) and free conversation (2 mentions).

This HMD has a gaze-driven autofocus camera system, which led to participants’ discomfort

during saccades. We note that participants mostly mentioned this aspect during the tangrams tasks

(6 mentions) and survival tasks (3 mentions). For instance, T2, "the goggles were not comfortable

and I could not see very well," T17, "the HMD is very uncomfortable and noisy," S11, "sometimes it

was a little bit blurry," S8, "it was hard to follow the face of the avatar with these specific glasses."

We attribute participants mentioning this aspect during the tangrams and survival task more

prominently as both tasks require in a shift of gaze focus and the autofocus of the device may have

been slower compared to the human saccades.

6 Discussion
This study investigates the perceptual differences in representing a conversational partner with

an avatar versus a robot and their effects on communication. Our findings align with previous
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literature and emphasize that the main differences to F2F communication lay in nonverbal behavior

and nonverbal cues transmitted for both AMC [28, 41] and RMC [48, 49].

Generally, our results showed that F2F interaction outperformed avatars and robots. As expected

and aligningwith other findings [9, 36, 78], F2F evoked the highest level of co-presence, interpersonal

communication satisfaction, closeness, and perceived attention to behavioral cues (gestures, facial

expressions, gaze, speech, body movements, and proximity). This aligns with the participant’s

reported preferences for F2F across tasks. Only for perceived message understanding, our results

show that F2F and mediated communication, either with a robot or an avatar, lead to similar

results, hinting towards the perceived communication effectiveness of both avatar and robot

— despite the absence of certain nonverbal cues. That suggests that individuals will adapt to

various representations and their affordances, aligning with the premise of conversations being a

collaborative process where people work together to ensure understanding [21].

6.1 Influence of type of task in RMC and AMC
We only found a significant effect of the type of communication task on perceived closeness,

but post-hoc comparisons did not yield significant differences. However, our thematic content

analysis (Sec. 5.6.3) showed that most participants mentioned experiencing a feeling of presence

from the confederate during the referential communication task with movements, i.e., tangrams.

We attribute this to adding movement to communication tasks; previous studies have shown the

influence of movement in communication tasks, i.e., leading to higher social presence with agents

(computer-controlled virtual humans) [4] and with telepresence robots [18].

Previous findings on communicative interaction in F2F have shown that facial expressions

are crucial to building rapport [54] during conversations. Similarly, gaze, posture, gestures, and

proxemics are crucial during negotiation dynamics [55]. Our findings partially align with this;

our results indicate a significantly higher focus on facial expressions and gaze for conversational

and negotiation tasks compared to referential communication. This is confirmed by our thematic

content analysis (Sec. 5.6.1), where participants mentioned being unable to distinguish certain

nonverbal behaviors during negotiation and conversing. Figure 7 shows that more than half of our

participants mentioned missing eye gaze and facial expressions on the survival task, hinting at its

relevance during negotiation. A possible reason behind this is that we added physical movement to

the referential communication task, and the confederate was not facing the participants at all times

but turning and walking away from the participants to get closer to the images displayed in the room.

Namely, seeing the conversational partner’s face was not always possible, hence aligning with the

"cues-filtered in and cues-filtered out" paradigm [78], participants focused on other behavioral cues

to compensate for the different affordances mediated communication brings. Still, these findings

highlight the relevance of allowing for behavioral realism in avatars’ faces and focusing on facial

expressiveness. Also, Figure 7 shows that more than half of the participants mentioned that eye

gaze was a missing behavior in the avatar. The confederate’s avatar had enabled eye tracking;

however, surprisingly, participants still perceived it as a missing behavior and mentioned a lack of

eye contact. This also aligns with the findings of our TCA, where participants mentioned that the

avatar did not feel natural and even evoked eeriness (Sec. 5.6.2).

6.2 Perceptual Differences of AMC and RMC
6.2.1 Gesturing with an avatar and a telepresence robot. In our study, participants reported focusing

less on gestures when communicating with the robot compared to the other two conditions. As

the robot had no arms or limbs, this was expected. We hoped to mitigate this by using a projector

mounted on the telepresence robot to simulate deictic gestures, i.e., pointing using a circular green

beam. Still, this may not have been perceived as the conversational partner performing a gesture,

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW472. Publication date: November 2025.



CSCW472:20 Stephanie Arevalo Arboleda et al.

but it may have been perceived as a new type of interaction, aligning with the "cues-filtered in and

cues-filtered out" paradigm [78]. Namely, when certain cues are absent, there may be a shift of

focus or perceived shift of focus to other cues that are or become available during communication.

For the avatar, which was fully tracked, our results show no significant differences regarding the

gestures compared to F2F. Narayana et al. [57] demonstrated the similarities between human-to-

human and human-to-avatar gesture usage, demonstrating the importance of enabling avatar’s

gestures, especially deictic gestures, during communication for visually grounded reasoning. Hence,

our findings show that individuals reported a perceived higher focus on gestures — specifically

pointing — during communication when these gestures are more similar to F2F in-person gestures,

in our case, an avatar, compared to gesturing with a non-humanoid telepresence robot that emits a

light to point.

6.2.2 Facial Expressions and Gaze on a Robot’s screen vs. an Avatar’s Face. Our results showed that

participants reported focusing more on the facial expressions of the conversational partner when

using a robot than an avatar. We attribute these results to the fidelity and realism that video calls

already provide. This suggests that off-the-shelf technologies based on eye tracking and lip-sync

alone are insufficient to properly reproduce a conversation partner’s mimic so that users consider

them meaningful. Also, as videoconferencing tools are widespread and commonly used, individuals

are more used to this type of mediated communication, and the screen on the robot evoked a similar

experience, as revealed in our TCA (Sec. 5.6.4). Added to that, we consider that the reported area of

focus may be task dependent. Our results showed that participants reported focusing less on facial

expressions during the tangrams task—referential communication, which requires focusing on the

environment and verbal descriptions, and less on the other person.

Previous studies have shown that displaying avatars that transmit facial expressions can lead

to positive communication experiences [59]. The confederate’s avatar showed only head, eye

movements, and lip synchronization; hence, it displayed limited facial expressions, which may

have led to participants focusing less on facial expressions as they were not fully available during

communication. Our results build on previous findings that highlight the importance of mapping

fidelity and realism not only in self-perception of avatars for embodiment [39] but also in attention

focus when facial expressions are limited.

6.2.3 Body movements and robot movements. Our findings showed that participants reported

focusing similarly on the body movements of the conversational partner in F2F and AMC but

significantly less on the robot’s movements. We attribute this to the type of robot we used during

the experiment, a telepresence robot with limited degrees of freedom and morphology (a rather

small screen), not a humanoid robot.

During the free conversation and negotiation tasks, the confederate kept a sitting position, where

slight body movements could only be seen in the video but were not mapped onto the robot. Here,

it has previously been reported that subtle robot movements that simulate body movement increase

perceived closeness in RMC [18]. These factors may have contributed to participants reporting

focusing less on the movements of their conversational partner during RMC. Additionally, there

may have been a conflict between the robot itself and the person on the screen embodying the

robot.

6.3 Reflecting on AMC and RMC
Our findings indicate that both AMC and RMC can effectively support social interactions. However,

there are nuances regarding the aspects individuals report focusing on, which are influenced by F2F

communication. Our results show that participants preferred mostly interacting with a confederate

represented using a robot compared to an avatar. These findings align with previous findings
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comparing RMC and AMC on trustworthiness, where robots were rated more trustworthy than

avatars [60]. Similarly, Powers et al. [63] found that physical or projected robots were more engaging

and evoked a higher sense of presence compared to agents. In our study, a possible reason behind

this preference for robots could be that participants felt more familiar when interacting through

a video of a real person displayed on a robot than with an avatar —legacy bias (as participants

have video calling experience) and/or insufficient visual and animation fidelity. Participants also

mentioned that the avatar did not completely resemble the confederate (Sec. 5.6.5), although the

ratings for avatar and real person resemblance were neutral (Sec. 5.5). In fact, the general perception

of the avatar (e.g., uncanny) might have influenced the perception of AMC.

Our findings also emphasize that individuals focus on nonverbal behaviors that provide the

closest fidelity and realism to F2F experiences. In our experiment, when mediated communication

is directly compared to F2F, participants may have set their expectations based on their experience

with the real person. Participants reported focusing more on the gestures and body movements

of an avatar than on a robot’s movements. This leads us to think that if the fidelity and realism

of a conversational partner do not meet F2F experiences, participants will divert their attention

to other behavioral cues. Especially as fidelity and realism do not only mean visual fidelity but

psychological fidelity—stimuli that evoke physiological or emotional responses that would take

place in F2F interaction [82]. Further, Clark [19] mentioned that talking to a robot

We found that participants still preferred the robot over the avatar—even without it having a

human-like body or body movements. The physicality of a robot in the person’s environment

and a novelty factor—most of our participants have never seen or interacted with a telepresence

robot— could have played a role in the participants’ preferences. The fidelity and realism of

facial expressions and gaze transmitted on the screen most likely outweighed the lack of body

movements (especially for setups where conversation partners sit across each other). Added to that,

the experience with the avatar arguably suffered from ill-perceived gaze and facial expressions,

despite state-of-the-art eye tracking, lip sync, and facial animations. To enhance these experiences,

the influence of behavioral fidelity needs to be studied further by evaluating the perception of

incongruent fidelities (inaccurate eye tracking and accurate lip sync). Along these lines, in terms of

fidelity and realism in AMC, Harari et al. [37] found that varying levels of visual fidelity can be used

depending on the context of communication, e.g., lower visual fidelity creates a sense of anonymity

and reduces the risk of social evaluation and may be preferred during sensitive discussions with

strangers. However, this may not be the case for first-time interactions or during communication

with people with higher levels of affiliation.

To summarize, we aimed to investigate mediated communication using an avatar and a telepres-

ence robot. Although both achieve communicative purposes, they do not yet provide experiences

similar to F2F in-person experiences. We question whether that should be the purpose of medi-

ated communication. F2F has long been the benchmark for the richest and fullest communicative

experience. However, we propose taking a closer look at the affordances of each communication

medium and task requirements.

Regarding the medium (type of representation), Clark & Fischer [20] mentioned the ambiguity

of interacting with social robots —social artifact puzzle, i.e., people communicate with social robots

similarly to human-human communication, but consciously knowing they are an artifact. They

argue that this leads to different communication dynamics as people do not engage with social

robots as with a social agents but as depictions (representations) of social agents, in a similar way

to interacting with ventriloquist’s puppets. We consider that this phenomenon can be present in

avatar- or robot-mediated communication, as the avatar or telepresence robot is controlled by a

human, resulting in communication dynamics that differ from human-human F2F interactions.
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Regarding medium and task (or communicative goal), Hollan & Stornetta [42] proposed that

telecommunication should focus on surpassing communication satisfaction to a level that people

prefer to communicate with a "new" medium than in F2F. They propose that to achieve that, research

should focus on the strengths of each communication medium. For instance, research in CMC has

demonstrated that digital technologies (e.g., video calls and social media) foster new interaction

dynamics, allowing for more accessibility and agency over conversations [30].

Considering [20, 42] and the premise of focusing on the strengths of each communicationmedium,

we propose that:

• Research in AMC could lean rather towards having a personalized self-agent, namely a Ditto

(a digital doppelganger that not only resembles a person visually and in behavior [50] but

possesses information of previous encounters and experiences, i.e., memories). For example,

a person’s ditto could act as a proxy and allow being in multiple places at the same time, e.g.,

attending various meetings or events at the same time.

• Research in RMC has suggested that telepresence robots define their own interaction possibil-

ities, which may not be comparable to F2F experiences of presence [3, 14]. For instance, RMC

could capitalize on the physicality of telepresence robots and allow them to act as assistants

where they not only act as a communication medium, but support activities of daily living

and even act as entities with high levels of autonomy that can act as companions.

7 Limitations
Our study’s strength lies in the controlled experimental design and the carefully chosen and

implemented conversational partner’s representation. Nevertheless, our work comes with certain

limitations.

For all three tasks, there is no dedicated performance measure. We use perceived message

understanding and interpersonal communication satisfaction as a proxy for effectiveness. Future

research should conceptually replicate and investigate other objective measures of communication

effectiveness or integrate tasks that offer such measures.

Another limitation of our study comes from the facial expressions displayed by the avatar. We

integrated lip-synchronization, head movement, and eye movements. Still, the facial expressions

had limited expressiveness, e.g., mouth movement when smiling or laughing, or other more complex

facial expressions, e.g., eyebrow, cheek, or nose movements. It has been previously found that when

eye and face tracking is not sufficiently good, it may not improve self-avatars’ perception [39].

Our findings suggest that this may also be the case when interacting with another person’s avatar,

especially concerning displaying facial expressions.

Our measure of attention to behavioral cues relies on the subjective reporting of participants.

This provides an initial impression on where people considered they paid attention to based on

self-reflection. These results can be validated by gaze analysis. We collected gaze data for all the

tasks and plan to investigate attention direction further and contrast it with the results presented

in this paper.

8 Conclusion
We present a study where we (1) investigate the communication experiences of AMC and RMC

and put them in context to F2F, and (2) explore the role of different communication tasks in medi-

ated communication. We considered multiple measures to evaluate the perceived communication

experience, such as co-presence, perceived message understanding, interpersonal communication

satisfaction, closeness, and attention to behavioral cues.
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Regarding the representation of a conversational partner, our findings corroborate that F2F

is the preferred mode of communication. Beyond that, we found that AMC and RMC achieved

similar levels of co-presence and interpersonal communication satisfaction; and no differences in

perceived message understanding among F2F, AMC, and RMC. Furthermore, our findings highlight

the nuances of perceived attention to nonverbal behaviors. We found that individuals would report

averting their focus from unavailable nonverbal cues or from those that do not meet F2F levels of

realism. In our case, an avatar with limited facial expressions and a telepresence robot with limited

body movements led to participants focusing less on these cues.

Regarding the influence of tasks, we found that communication tasks involving movement could

influence the perceived closeness (inclusion of other in self) to the conversational partner. Also,

the communicative goal influences the type of cues that individuals would report focusing on, i.e.,

less focus on gaze and facial expressions if the task involves looking at the environment.

Our findings suggest that robots and avatars can enable satisfactory and effective communication

across tasks, despite their inherent shortcomings. However, we suggest focusing on the strength

of each communication medium rather than trying to achieve similar to F2F experiences, i.e., an

avatar used as a Ditto and a telepresence robot that acts as an assistant. With that, we advance the

fundamental understanding of nonverbal behavior in mediated communication using avatars and

robots and inform the design of communication applications. In future research, we plan to look

closely at attention and analyze gaze behavior (collected from this study) to complement these

results.
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