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(a) Conversation in F2F (b) Conversation in AMC (c) Conversation in RMC



(d) Collaboration in F2F (e) Collaboration in AMC (f) Collaboration in RMC

Figure 1: Conversation (a–c) and collaboration tasks (d–e) with the confederate represented in face-to-face (a, d) as an avatar (b,
e) or using a telepresence robot (c, f).

Abstract
Older adults, a growing demographic, face an increased risk of ex-
periencing loneliness and are less exposed to emerging communica-
tion technologies. Augmented reality (AR) avatars and telepresence
robots have been proposed as tools to foster social connection, yet
their suitability for older users remains underexplored. We present
an exploratory study with ten healthy older adults who engaged
in both conversational and spatial collaboration tasks using AR
avatar-mediated communication, robot-mediated communication,
and face-to-face interaction. We collected self-reported measures of
co-presence, social presence, closeness, uncanny valley, preferences,
and open feedback. Our findings suggest that telepresence robots
enhanced co-presence, while avatars were valued for their expres-
sivity and humanlike qualities. Task type influenced co-presence in
spatial collaboration only during communication using the telep-
resence robot. Other measures, such as social presence and close-
ness, were unaffected by task type or representation. While neither
technology outperformed face-to-face interaction, both were posi-
tively received, underscoring their potential to address the social
needs of older adults and highlighting the importance of enhancing
nonverbal expressivity, particularly nonverbal cues in mediated
communication. Ultimately, our results contribute to the fundamen-
tal understanding of mediated communication with older adults,
motivating further empirical work to confirm and extend these
findings.

CCS Concepts
• Human-centered computing → Mixed / augmented reality;
User studies; • Computer systems organization → Robotics.
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1 Introduction
The global demographic shift toward an aging population presents
significant challenges and opportunities for technology design.
Older adults represent a large and diverse population group with
varying technology usage patterns and distinct requirements [5, 27].
Enriching the lives of this demographic through technology is in-
creasingly important, as it can help address many age-related chal-
lenges and enhance quality of life and independent living [22, 56].

Older adults often require assistance with problem-solving and
information-finding tasks, which can become more challenging
due to age-related changes [15, 56]. As people age, they experi-
ence physical and cognitive decline, limited mobility, and shrinking
social networks, which collectively increase their risk of loneli-
ness [27]. Thus, exploring technologies beyond video calls, such as
telepresence robots and Augmented Reality (AR) that can facilitate
connecting older adults with their family and friends and allow
easy access to practical support, becomes essential. Especially, as
they can help to understand older adults’ impressions of using these
technologies for communication.

While traditional communication technologies such as phone
calls, text messages, and video chats can moderate the effects of
experiencing loneliness [13, 68], they offer limited modalities for
interaction [43]. Additionally, while offering support via collabo-
ration (working together to achieve a common goal) is possible,
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efficient joint problem-solving is cumbersome with them. Provid-
ing efficient support, including deictic gestures, is hardly possible
but often required for solving common household problems (e.g.,
finding glasses). Here, Avatar-Mediated Communication (AMC)
via Augmented Reality (AR) and Robot-Mediated Communication,
(RMC) using telepresence robots promise richer communication.

Both AMC and RMC have the potential to bring older adults
together with their social ties. Individually, these technologies have
been shown to successfully evoke feelings of social presence ("sense
of beingwith another" [11]) and co-presence ("being in the company
of others" [11]) for remote conversational partners [3, 51]. However,
each approach offers distinct functional advantages and challenges
(i.e., physicality, tangibility, and expressivity), and compares differ-
ently to Face-to-Face (F2F) communication. For example, telepres-
ence robots can offer physicality, tangibility, and high-resolution
video of the face, while AR avatars can provide an expressive hu-
manlike appearance with arm and hand gestures [6].

In this paper, we explore AMC and RMC with older adults. We
investigate how these technologies support both conversational in-
teraction and collaboration (working together and offering support
through referential communication via a Tangram task [20]) and
compare them with F2F interaction. Focusing on the perception of
older adults, we are guided by the research question (RQ): How do
older adults perceive the communication experience in terms of so-
cial presence, co-presence, closeness, and uncanniness, during avatar-
and robot-mediated communication compared to F2F experiences?
To answer this question, we collected self-reported measures of
co-presence, social presence, closeness, uncanny valley, general
preferences, and the physical distance to the conversational partner
(proximity).

Our exploratory study represents the first direct comparison
between F2F, AMC, and RMC for older adults, a significantly under-
represented user group in technology research, despite constituting
a large portion of the population. Furthermore, we provide the first
investigation of how different communication tasks perform across
these modalities, investigating their strengths and weaknesses.
While previous research has explored older adults’ preferences
regarding robot anthropomorphism [47, 71] and avatar realism
[9, 60], limited efforts [6, 59] have investigated how these technolo-
gies compare and perform when evaluated against each other and
traditional F2F interaction. This comparison is crucial, as it directly
addresses the relationship between the practical needs of our aging
society and the rapid advancement of communication technologies,
which, if left unaddressed, risk further marginalization of older
adults and widen the already existing digital divide [73].

Our core contributions and main findings can be summarized as
follows:

• Our findings suggest that both AMC and RMC are well-
perceived by older adults across tasks; co-presence with
telepresence robots is more variable, requiring careful design
to maintain consistency.

• Older adults slightly favor AMC and consider transmission
of nonverbal behaviors in both AMC and RMC essential,
especially body movements and gestures.

The results highlight the importance of inclusive technology
design for older adults by addressing their unique needs in digital

communication, and they motivate further empirical work with
larger samples to confirm and extend these findings.

2 Related Work
2.1 Avatar-Mediated Communication (among

Older Adults)
Avatars, digital representations of individuals in virtual environ-
ments, have beenwidely researched across application domains [74]
and shown to enhance users’ sense of social presence, emotional
involvement, and interpersonal connection during mediated com-
munication [4, 67]. Beyond these benefits, avatars also offer users
the flexibility to express or suppress certain physical and psycho-
logical traits [14] and to fulfill psychological needs such as warmth,
closeness, and intimacy [29]. In contexts where F2F interactions
become problematic, communicating via avatars can meaningfully
enhance older adults’ feelings of social connectedness, social pres-
ence, and foster deeper social participation [9, 42, 51, 76].

Although older adults are frequently stereotyped as feeling in-
different about new technologies [48], growing evidence suggests
that many are open to avatar-mediated communication [49]. An
important predisposition is for the facilitating technology to be
designed with their needs, preferences, and abilities in mind [45].
When given access to age-inclusive, user-friendly interfaces, older
adults are not only able to successfully engage with avatars but can
also experience substantial emotional and social benefits [44].

A key determinant of their experience, however, lies in the
avatars’ appearance and behavior. These factors have been closely
related to the uncanny valley effect [52]. Older adults generally
prefer avatars that look and behave in a humanlike manner, with
realistic appearances and naturalistic movement patterns [8, 50].
Close resemblance between the avatar and the person it represents
can also shape older adults’ willingness to engage with technol-
ogy. Many feel more comfortable interacting with realistic [50] and
photorealistic avatars [8], especially when communicating with
familiar individuals, such as family members and friends [49, 72].

Nonverbal communication cues, such as posture, gesture, body
movements, and other forms of body language, can enhance the
perceived quality and authenticity of virtual humans and avatar-
mediated communication [6, 25]. Gestures, in particular, have been
shown to foster mutual understanding and increase engagement of
older adults during virtual exchanges [9]. These cues help simulate
the richness of F2F interaction, making virtual conversations feel
more natural and emotionally resonant [61]. Older adults express a
desire for expressive humanlike communication in social virtual
reality, especially regarding how the avatar behaves and the ex-
tent to which this behavior matches human behavior expectations
(behavioral anthropomorphism) [8].

The capacity to display facial expressions of avatars is another
important consideration. Currently, accurately representing emo-
tions in avatars remains a persistent technical challenge, partic-
ularly in systems that rely on Head-Mounted Displays (HMDs),
where limitations in facial tracking and therefore rendering of face
expressions hinder the avatars’ ability to convey subtle emotional
cues [78]. Given that older adults consistently report that emotion-
ally expressive avatars are vital for fostering higher social presence
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and intimacy [49, 72], addressing these technical limitations re-
mains a central goal for future development, as researchers and
designers seek to create avatar systems that support meaningful
and emotionally fulfilling communication for aging populations.

2.2 Robot-Mediated Communication (among
Older Adults)

RMC is human-human communication where one conversational
partner is audiovisually telepresent and has the ability to move
in the remote physical space in real-time using a telepresence ro-
bot [39]. It has been found that RMC facilitates participation in
everyday routines, evokes feelings of sharing a home, connection,
helpfulness, and companionship [77]. Telepresence robots are being
increasingly used to promote healthy aging and to foster the social
well-being of older adults [18, 28]. For instance, Baisch et al. [7]
found that a telepresence robot was perceived as a valuable device
if participants considered that the robot’s features match their par-
ticular psychosocial needs, e.g., social support and life satisfaction.
They can contribute to the social integration of older adults (es-
pecially in maintaining social contacts) [53, 55]. Robot technology
could also be an interface that easily connects older adults to their
social networks (relatives, friends, healthcare workers, etc. ) [5, 16].
We advance this field by evaluating the use of telepresence robots
in both communication and collaborative tasks with older adults.

Older adults demonstrated a willingness to use technology when
the goal offers assistance for their independent living [17]. For
instance, older adults were optimistic that a telepresence robot
would give them a high perception of social presence when talk-
ing to their loved ones via RMC [21]. Moyle et al. [53, 54] found
that older adults with dementia experience social presence, a sense
of authenticity, and social connection when using a telepresence
robot to communicate with family caregivers and health profes-
sionals. However, when investigating communication and social
interaction, anthropomorphic robots (which contrast to the limited
anthropomorphic features of a telepresence robot) have often been
used to investigate social and co-presence, with findings pointing
to the influencing factor of nonverbal behavior on co-presence
[1]. These studies show the potential of RMC to evoke positive
communication experiences and evoke social presence, especially
to connect with family and friends. Our work continues this by
contrasting these results and the use of telepresence robots(limited
anthropomorphism) to avatars and F2F communication.

The uncanny valley effect has been studied at length in the con-
text of robot design. Some studies show that older adults’ perception
of robots may differ from the younger population. Mara et al. [46]
found that human likeness is associated with positive responses
when a robot’s appearance displays low to medium anthropomor-
phism. However, it has been found that older adults tend to prefer
humanlike robots regardless of their use [71]. Hence, finding a
mid-point is crucial when designing and using telepresence robots
to avoid falling into the "uncanny valley of telepresence", which
is characterized by a decline in the sense of belonging when the
telepresence experience resembles too much the one when in F2F
(physical presence) [41].

Closely related to anthropomorphism, nonverbal behaviors are
crucial in communication and facilitate human-robot interactions [37].

Older adults perceive robots positively when they display nonverbal
behaviors (gestures, blinks, and body movements) and have men-
tioned that they aid in building trust [66]. Here, moving robots are
also perceived as more humanlike compared to static robots [46],
especially for older adults. When interacting with a telepresence
robot, it has been found that subtle robot movements that emulate
human body movements can increase feelings of closeness to the
conversational partner during RMC [19]. These findings highlight
the role of nonverbal behaviors in RMC, especially when aiming to
support and connect older adults with their family members and
friends.

In summary, related work shows that both AMC and RMC are
valid as mediated-communication technologies for older adults.
However, telepresence robots differ from AR avatars through their
physical embodiment and fidelity of communication cues. While
AR avatars have improved in animation and rendering, they re-
main virtual and intangible. Robots, in comparison, are physically
present and unaffected by limitations such as rendering latency or
field-of-view constraints. In addition, most robots feature relatively
small screens that display only a partial, two-dimensional view of
the remote partner. Avatars, on the contrary, can represent full-
body photorealistic animated 3D humans. This trade-off becomes
salient in collaborative tasks: Tasks that, for example, require spatial
interaction (e.g., pointing, moving) might benefit from the expres-
sivity and movement capabilities of avatars, while conversational
tasks may benefit from the low-latency, high-resolution video of
the telepresence robot. Thus, both modalities support different as-
pects of remote communication. In this work, we examine their
respective affordances and reflect on whether avatars or robots are
better suited for specific communication or collaborative scenarios.

3 User Study
We present a 2×3 within-subjects exploratory study (6 conditions)
to investigate the perception of the type of representation (avatar
and telepresence robot) of a conversational partner for older adults
and contrast it to F2F interaction using two different types of com-
munication tasks: guided conversation (conversation) and collab-
orative referential communication (collaboration). We collected
subjective impressions on the communication experience through
questionnaires and "free-text" feedback. We balanced the order
of the conversation topics per type of representation following a
Graeco-Latin distribution, and the type of task and type of repre-
sentation using a balanced Latin Square.

In our study, the conversational partner was a trained confed-
erate, who was one of the experimenters and had already acted as
such in similar mediated communication experiments [6]. Partici-
pants interacted with the confederate in F2F, through a personalized
AR avatar, and a telepresence robot.

3.1 Participants
The study sample included N = 10 healthy older adults between 66
and 78 years of age (M = 72.1, SD = 3.8, 5 self-identified as men,
5 as women). The recruitment was done among older adults who
had taken part in previous technology-related studies. The partici-
pation was voluntary, and no monetary compensation was given.
Participants filled out the affinity to technology interaction (ATI)
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scale (6-point Likert scale, "1-completely disagree," "6-completely
agree") [30]. This scale assesses the tendency to actively engage in
intensive technology interaction or avoid it. The ATI scores (M =
4.23, SD = 1.18) fall slightly above the 3.5 scale midpoint, indicat-
ing a moderately high tendency to engage in intensive technology
interaction.

This study was pre-approved by the university’s ethical commit-
tee and carried out following the guidelines of the national research
organization and the Declaration of Helsinki.

3.2 Task
In our experiment, we used a guided conversation task, where each
participant was sitting in front of the confederate, and a collab-
orative spatial communication task, where each participant was
standing while the confederate was walking in the room. Each task
lasted 4 minutes. Figure 1 illustrates the setup.

For the guided conversation task, we provided different topics
and suggested possible questions in a written manner. The topics
included recycling (e.g., "What do you think about recycling?"),
work-life balance (e.g., "What do you think about the balance be-
tween work and free time?"), and healthy eating habits (e.g., "Do
you think that people eat healthier today compared to 100 years
ago?"). These topics have been used in other similar mediated com-
munication studies [31]. Participants could freely choose whether
to use the provided questions, and the confederate frequently asked
follow-up questions to maintain the conversational flow and avoid
silences that can arise when interacting with strangers (in this case,
the confederate).

Spatial collaborative communication requires partners to col-
laborate to locate objects in their common space by exchanging
information and using referential communication to establish a
common understanding when referring in conversations [20]. Tan-
grams (polygons that form shapes) [65] have been commonly used
to explore referring dynamics. In this type of communication task,
each conversational partner has a role as a "director" or "matcher."
Directors, in our case, the participants, give verbal descriptions,
while matchers, in our case, the confederate, listened to the descrip-
tion and pointed at the image they considered the director was
referring to. As we added movement to this task, we displayed 17
tangrams around a room and the confederate walked around the
room looking for the image that would match the description, while
the participant would stand, see Figure 1. We instructed partici-
pants to give further descriptions if the confederate did not guess
the tangram right the first time. The confederate was instructed to
walk around the room after describing each tangram.

3.3 Procedure
The experiment lasted between 90 and 120 minutes (many older
adults needed a longer time to reply to questionnaires and took
their time writing feedback about each system). An experimenter
remained in the room with the participant to operate the devices
throughout the study. First, participants were welcomed and given
a short introduction about the experiment, equipment to be used
(HMD, eye tracker, telepresence robot). Second, they signed a con-
sent form, provided demographic information, and filled out a ques-
tionnaire regarding their affinity to technology. Third, a calibration

process was performed on each device before. This step was re-
peated for each condition. Fourth, participants received the task in
a written form, were given time to read the questions, and sat in a
chair. They were informed that the conversational partner would
arrive either using a telepresence robot, an avatar, or in person
(depending on the condition). For the conversation task, once the
confederate reached an initial position, participants were informed
that they could move closer or further from the confederate. After
each condition, participants filled out a questionnaire about their
experience and provided open feedback about AMC and RMC in
written form, all on a computer.

3.4 Measures
We collected subjective impressions of the communication experi-
ence using self-reported measures that have already been translated
and validated in the German language or used in other studies in the
German language. We also marked the physical distance between
participants and the confederate during the conversation task for
the three types of confederate representations, to better understand
if participants feel inclined or not to move towards a specific rep-
resentation of the confederate. Furthermore, participants wore an
eye-tracker during F2F and RMC. The analysis of the gaze data is
not included in this paper.

We considered the dimension of co-presence ("being in the com-
pany of others") (6 questions, 7-point Likert scale from "1-Strongly
Disagree" to "7-Strongly Agree") from [12] and measured social
presence ("being with another") with an adapted Social Presence
scale from [58] (5 questions, 5-point Likert scale), self-translated
to German for this study. For closeness, we used the Inclusion of
Others in the Self questionnaire, similar to [19], one question using
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"). We
used these two questionnaires to determine if both co-presence and
social presence are affected differently by the type of representation
of the conversational partner.

After the AMC and RMC condition, participants additionally
rated the uncanny valley effect using the semantic differential from
Ho &McDorman [40] in German [69]. 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"). Additionally, we asked
participants to give open feedback about each type of representation
in written form and explain the reasoning behind their preference
ranking.

The questionnaire data were analyzed using Aligned Rank Trans-
form (ART) [26] when the normality assumptionwas notmet.When
normality was met, we used a two-way ANOVA. We assessed nor-
mality by visual inspection using QQ-plots and Shapiro-Wilk tests.
If significant differences were detected (alpha level of 5%), we calcu-
lated post-hoc pairwise comparisons using ART-C and Bonferroni
correction.

Written feedback was analyzed using Thematic Content Anal-
ysis (TCA) following Anderson’s approach [2]. Two researchers
analyzed the data separately, provided codes, and converted them
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into themes. Then, these themes were contrasted and rated by an-
other researcher who combined and wrote the final themes. We
established the criterion for relevancy that at least five different
participants (half of our sample) should have mentioned the same
aspect.

3.5 Apparatus
3.5.1 Robotic Platform. We used a customized telepresence robot
(MetraLabs TORY1) by adding additional sensors and actuators
as described in [Anonymized for review].It enables conversations
between a remote and a local party, by providing a self-hosted
video conferencing system based on WebRTC and has been used
in other studies [Anonymized for review]. The video stream from
the robot side is captured by a Microsoft Azure Kinect2. To ensure
high-quality audio and clear communication, we used a Rode Wire-
less GO II microphone. Highlighting things in the environment is
enabled by projecting a black image with a green dot from the LG
HF60LS Largo 2.03 projector, which can be panned and tilted by
the FLIR PTU E464. This allows for keeping a target highlighted
while moving the robot’s camera. The video stream of the remote
user is captured by a Logitech Brio Stream5 webcam, attached to a
desktop PC.

Moving the robot could be done by using the right and left arrow
keys to turn, and the down and up arrow keys to drive backward
and forward. To use the projector and highlight (pointing) specific
positions, a 3D model of the environment is required. To enable
that, we use a PanopticNDT [63] map and leverage the known
camera parameters and the 3D map. This allows the translation
of the mouse clicks into coordinates in the robot’s environment.
These are then used as either a driving goal or to highlight targets.

3.5.2 AR System. Our AR system allows bi-directional communi-
cation using Photon Fusion and Photon Voice 6. An overview of the
AR System can be found on [Anonymized for Review]. We have de-
veloped our system with Unity 2022.3.8f1 using the High-Definition
Render Pipeline (HDRP). The conversation partner wore a Varjo
XR-3 Head Mounted Display (HMD) and a Logitech H390 head-
set, while the participant used a Varjo XR-4 utilizing the built-in
microphone and loudspeakers. We chose to use SteamVR tracking
instead of the HMD’s built-in inside-out tracking because it proved
more stable in our tests and supported VIVE trackers.

Both persons were visualized as avatars, using head and hand
tracking from the HMD and, optionally, VIVE trackers for anima-
tion. To allow for full-body tracking with additional finger tracking,
the conversation partner used a setup that included the HMD and
two VIVE trackers, one for each wrist. 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.

1https://www.metralabs.com/de/tory-rfid-inventurroboter/, Last accessed: 5. May 2025
2https://azure.microsoft.com/en-us/products/kinect-dk/, Last accessed: 5. May 2025
3https://www.lg.com/de/beamer/portable-und-lifestyle-projektoren/hf60ls/, Last ac-
cessed: 5. May 2025
4https://www.flir.eu/support/products/ptu-e46/, Last accessed: 5. May 2025
5https://www.logitech.com/en-us/products/webcams/4kprowebcam.960-
001390.html, Last accessed: 5. May 2025
6https://www.photonengine.com/, Last accessed: 16. April 2025

We used Final IK 7 to implement full-body Inverse Kinematics
(IK) for the avatars’ animation using the aforementioned data. As
the hand tracking could be inaccurate, we have moved the targets
to a default idle pose in case no tracking is available. The eyes
and eyelids were animated using the eye-tracking data collected
from the HMD. Lastly, the visemes and corresponding blend shapes
were used to animate the lower face. The viseme weights were
determined using Oculus LipSync8.

We recreated the real-world light setup by placing several lights
in the scene. To ensure the best image quality, we kept the HMD’s
white balance, exposure, and ISO in automatic mode.

3.5.3 Avatar Design. We used Character Creator 4 9 to manually
create the avatar. The process began with a detailed analysis of the
confederate’s physical attributes, including facial structure, body
type, and distinctive features (e.g., tattoos), with a strong focus on
the actors’ proportions. To improve the similarity in proportions,
the images of the real person in T-pose were overlaid with images
of the avatar in T-pose in an image processing software. The char-
acteristics were replicated within the Character Creator 4 software
to create a realistic digital counterpart with high fidelity. The avatar
used in this study can be categorized as a realistic look-alike avatar,
i.e., humanlike visual and behavioural appearance that may still
look synthetic [33] which does not yet reach photorealistic levels
(visual and behavioural characteristics that resemble the natural
video of an actual person [23]).

Iterative refinements were made to ensure that the avatar’s ap-
pearance remained consistent under various lighting and interactive
conditions, as well as changes over time. The avatar wore a black
t-shirt and jeans to match the confederate’s clothing during the ex-
periment. To justify the similarity with the avatar, the confederate
repeatedly gave feedback on the avatar design.

4 Results
We carried out thematic content analysis of participants’ written
feedback after each condition. Additionally, we carried out infer-
ential analysis on the collected questionnaire data. For that, we
performed a sensitivity power analysis (post-hoc) using G*Power
(𝛼 = .05, power = .8), which indicates that with our sample size, we
could reliably detect effect sizes of at least Cohen’s f = 0.34 (medium
to large). Smaller effects have to be interpreted with caution.

4.1 Thematic Content Analysis
The participants’ verbatim (originally in German) are coded in the
following manner: "RC" for telepresence Robot and Conversation,
"RT" for telepresence Robot and Collaboration/Tangrams, "AC" for
Avatar and Conversation task, and "AT" for Avatar and Collabora-
tion/Tangrams. Our analysis resulted in three main themes:

• Transmission of nonverbal behavior,
• Perceived realism and naturalness, and
• Social Presence and Closeness.

7http://root-motion.com/ Last accessed: 16 April 2025
8https://developer.oculus.com/documentation/unity/audio-ovrlipsync-unity/, Last ac-
cessed: 16. April 2025
9https://www.reallusion.com/character-creator/, Last accessed: 14 April 2025

https://www.metralabs.com/de/tory-rfid-inventurroboter/
https://azure.microsoft.com/en-us/products/kinect-dk/
https://www.lg.com/de/beamer/portable-und-lifestyle-projektoren/hf60ls/
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
https://www.logitech.com/en-us/products/webcams/4kprowebcam.960-001390.html
https://www.reallusion.com/character-creator/
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4.1.1 Transmission of Nonverbal Behaviors. This theme contains
aspects related to nonverbal behaviors when interacting with the
confederate through an avatar (10 mentions: 6 during conversations,
4 during collaboration) or a telepresence robot (6 mentions: 3 during
conversation and 3 during collaboration).

For AMC, six participants mentioned nonverbal behaviors dur-
ing conversation and four during collaboration. Seven participants
mentioned movements (e.g., AC4 commented "the avatar should
make even more natural movements"). AC8 emphasized "Unnatural
eye movements". Regarding posture, AC6 said, "Some postures, es-
pecially the arms were a little bit irritating;" and PC10 commented
on gestures: "Conversation was good and the gestures were under-
standable".

Regarding RMC, six participants mentioned characteristics re-
lated to the transmission of nonverbal behaviors during conversa-
tions (3 mentions) and collaboration (3 mentions). The participants
mentioned aspects such as: movements (2 mentions; RT8: "The
movements of the robot could be more fluid;"), eye contact (1 men-
tion; RT7: "In spite of the limited movement, the eye contact was
important and pleasant"), gestures (1 mention; RC9: "The gestures
and the speech are somewhat distorted"), and facial expressions (2
mentions; RC3: "I could clearly see the face and the gestures").

4.1.2 Perceived Realism and Naturalness. This theme gathers par-
ticipants’ perceptions related to how natural or realistic the inter-
action with the confederate using an avatar (8 mentions: 6 during
conversations and 2 during collaboration) or a robot (7 mentions: 4
during conversations and 3 during collaboration).

In AMC, most participants emphasized the naturalness and ex-
pressiveness during communication, while one participant men-
tioned that it was artificial. For instance, AT4 said, "It is more
expressive than just talking on the phone or on videoconferencing,".
PC1 added, "it is very realistic, the person sat almost identically in
front of me."

With respect to RMC, participants mentioned that the robot is
perceived as an object, different from a F2F experience, and not
personal. Participants mentioned: RC7, "the robot is still a technical
aid," and RT9, "It is different from in-person contact."

4.1.3 Social Presence andCloseness. This theme contains sub-themes
related to social presence or closeness to the confederate. Here, five
participants (3 during the conversation, 2 during collaboration)
mentioned that aspect when interacting with an avatar, e.g., AT3
commented, "I could feel his immediate proximity," and AC6 added,
"at times I forgot it was an avatar." Two participants (1 during collab-
oration, 1 during conversations) mentioned a similar aspect when
using a telepresence robot, e.g., RT3 mentioned "I felt a certain
closeness to the robot, it is humanlike," however, RC8 said, "it was
impersonal."

4.2 Statistical Analysis
4.2.1 Co-presence. Figure 2a illustrates results on co-presence. Our
results show significant differences for the type of representation
(F (2,345) = 72.04, p <.001, 𝜂2𝑝 = .29), type of task (F (1,345) = 17.06, p
<.001, 𝜂2𝑝 = .05) and a two-way interaction effect (F (2,345) = 12.06, p
<.001, 𝜂2𝑝 = .07).

Regarding type of representation, post-hoc pairwise comparisons
show that F2F (M = 6.98, SD = 0.13, 95% CI [6.96, 7.00]) led to higher
scores in co-presence compared to the robot (M = 6.48, SD = 0.70,
95% CI [6.34, 6.60]), (p <.001) or avatar (M = 6.37, SD = .83, 95% CI
[6.21, 6.51]), (p <.001). In terms of the type of task, our results show
that higher co-presence was experienced when conversing (M =
6.64, SD = .70, 95% CI [6.54, 6.71]) compared to the collaboration task
(M = 6.57, SD = .67, 95% CI [6.47, 6.67]), (p <.001). The interaction
effects of task and type of representation derive mostly from the
main effects, i.e., during conversations and collaboration, F2F leads
to higher co-presence than interacting with an avatar or a robot.
However, conversing with the confederate using a telepresence
robot (M = 6.65, SD = .61, 95% CI [6.49, 6.80]) leads to higher co-
presence when compared to an avatar (M = 6.28, SD = .92, 95% CI
[6.04, 6.52]), (p = .002). Additionally, our results point to an effect of
task for RMC, where conversing led to higher perceived co-presence
compared to collaboration (M = 6.3, SD = .74, 95% CI [6.10, 6.49] ),
(p <.001).

4.2.2 Social Presence . We also compared the reported social pres-
ence during mediated communication (cf. Figure 2b). Our results
did not yield significant effects of task (F (1,9) = .01, p = .92, 𝜂2𝑝 <.001),
type of representation (F (1,9) = .04, p = .85, 𝜂2𝑝 <.001) or interaction
effects (F (1,9) = .43, p = .53, 𝜂2𝑝 <.001). We did not collect measures
of social presence for the F2F condition, as the questionnaire used
was developed specifically for mediated communication.

4.2.3 Closeness. We found a significant difference for type of rep-
resentation (F (2,45) = 11.41, p <.001, 𝜂2𝑝 = .34, see Figure 2c), where
communicating in F2F (M = 6.30, SD = 1.08, 95% CI [5.79, 6.80]) led
to higher reported closeness compared to an avatar (M = 4.55, SD =
1.82, 95% CI [3.69, 5.40]), (p <.001) or a robot (M = 5.05, SD = 1.96,
95% CI [4.13, 5.96]), (p = .009). We did not find other significant
differences for the type of tasks (F (1,45) = .10, p = .75, 𝜂2𝑝 = .002) or
a two-way interaction effect (F (2,45) = .26, p = .77, 𝜂2𝑝 = .01).

4.2.4 Uncanny Valley. We compared the perception of the uncanny
valley for the representation of the confederate using a robot and
an avatar. The results of the four dimensions of the uncanny valley
can be seen in fig. 3 and are described in detail in the following.

Attractiveness. We found a significant main effect of type of
representation (F (1,147) = 40.77, p <.001, 𝜂2𝑝 = .22). We did not find
significant effects of type of task (F (1,147) = .45, p = .50, 𝜂2𝑝 = .003)
or two-way interaction (F (1,147) = .37, p = .54, 𝜂2𝑝 = .002).

Our results indicate that the participants perceived the confed-
erate represented using an avatar (M = 5.56, SD = .95, 95% CI [5.35,
5.77]) to be more attractive compared to the robot (M = 5.06, SD =
1.09, 95% CI [4.80, 5.29]).

Humanness. Our results show a significant main effect of the
type of representation (F (1,147) = 4.49, p = .04, 𝜂2𝑝 = .02). We did not
find significant effects of the type of task (F (1,147) = .66, p = .41, 𝜂2𝑝
= .003) or a two-way interaction (F (1,147) = 3.56, p = .06, 𝜂2𝑝 = .02).

Participants perceived the avatar to be more human (M = 5.06,
SD = 1.42, 95% CI [4.77, 5.34]) than the robot (M = 4.77, SD = 1.60,
95% CI [4.45, 5.08]), (p = .02).
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(a) Co-presence (b) Social presence (c) Closeness

Figure 2: Influence of confederate’s type of representation and type of task, where F2F led to the highest scores compared to
the other two representations. The white dot on the boxplot indicates the mean.

Figure 3: Uncanny Valley’s dimensions with significant dif-
ferences for the type of representation. The white dot on the
boxplot indicates the mean.

Eeriness and Spine-tingling. In regards to eeriness, we did not
find any significant difference for type of task (F (1,147) = .19, p =
.65, 𝜂2𝑝 = .001), type of representation (F (1,147) = 2.27, p = .13, 𝜂2𝑝 =
.01) or two-way interaction effect (F (1,147) = 2.08, p = .15, 𝜂2𝑝 = .01).

With regard to spine-tingling, we did not find any significant
differences either for type of task (F (1,147) = .28, p = .6, 𝜂2𝑝 = .001),
type of representation (F (1,147) = 2.66, p = .10, 𝜂2𝑝 = .01) or two-way
interaction (F (1,147) = 2.70 p = .10, 𝜂2𝑝 = .01).

4.2.5 Preferences, Physical Distance, and Ranking. After interacting
with the robot and the avatar, we asked participants to rank their
preferred type of confederate representation. Seven participants
reported AMC as their preferred confederate representation, while
three reported RMC as their preferred representation. Participants
mentioned: P7, "The avatar’s movements are still very wonky, but
you see it more as a human being. The robot may have had a human
face, but it remains a technical device." P6 added, "Personal closeness
can hardly be replaced. The avatar at least offers certain similarities,
but the robot is always recognizable as a technical system."

We also asked about the similarity between the confederate’s
avatar and the real person during each task. For both tasks, the
average rate was "somewhat similar" to the real person, i.e., for the
conversation task, the avatar was sitting in front of participants (M
= 5.4, SD = 1.07), and for collaboration, the avatar was walking and
pointing (M = 5.1, SD = 1.29).

Regarding the distance between participants and the confeder-
ate during conversations. Our results using a Kruskal-Wallis test
show that there are no significant differences between the types of
representation (𝜒2(2) = 2.68, p = .26). The initial distance was set at
190 cm.

5 Discussion
Reducing social isolation and providing easy support are central to
increasing older adults’ quality of life. The study’s results draw a
positive picture of both communication media in general, and when
compared to face-to-face communication. Feedback on co-presence,
social presence, and closeness was positive, with nuanced aspects
(and criticism) of the robot and the avatar in the qualitative feedback.
As this study involved a small sample (N = 10), the results are best
understood as exploratory, offering first insights into older adults’
perceptions of avatars and robots in mediated communication. The
patterns observed here motivate further empirical work with larger
samples to confirm and extend these findings. Nonetheless, our
study offers a direct comparison of mediated communication with
technologies (an AR avatar and a telepresence robot), which are
novel or unfamiliar to most older adults.

5.1 Avatars or Robots?
Our results show that communication using a telepresence robot
and an avatar can lead to high levels of co-presence ("being in the
company of others"), social presence ("being with another"), and
closeness. These findings are encouraging and build upon studies
that found rather high levels of social presence for older adults in
AMC [51] and in RMC for older adults with dementia [53, 54]. Our
findings strengthen this empirical basis.

Our TCA (Section 4.1.3) revealed nuances. Participants men-
tioned experiencing aspects related to being together, such as "feel-
ing proximity" or "like F2F" only when interacting with the avatar.
That is despite the high-resolution video and the robot’s physi-
cality (a real entity moving in the physical space and pointing
at real objects). We attribute this to the high behavioral fidelity,
i.e., more head, arm, and hand movements, of the avatar, which
provided a closer experience to F2F compared to the telepresence
robot, which was still perceived as being a "technical device" car-
rying the confederate rather than representing him. Still, having
a conversation using a telepresence robot led to higher reported
co-presence compared to having a conversation using an avatar
(but only in the guided conversation task, not in the collaboration
task). We consider that this could be a result of familiarity bias
or the mere exposure effect [34], i.e., having a conversation with
someone through a screen is an experience that participants may
have experienced, witnessed or heard of in the media, which may
have influenced the higher ratings for co-presence.
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Together, this indicates that while both robot and avatar are capa-
ble of delivering a satisfactory communication experience and simi-
lar levels of closeness, the humanlike appearance and movement of
the avatar are factors that older adults value during mediated com-
munication. However, a legacy bias might influence co-presence,
favoring the robot.

Beyond that, we also measured the physical distance that partic-
ipants kept from the confederate during the conversation, as it may
have hinted at their perceived co-presence. Participants tended to
move closer to the robot compared to the avatar, but our results did
not point to significant differences, and this may be a result of other
factors, such as the screen’s small size. These distances are within
the social distance space and are common between non-familiar
individuals when interacting in F2F [36] and align with previous
findings of mediated communication [57, 75]. We consider this pos-
itive, as none of our participants tried to move away from their
conversational partner during mediated communication.

Regarding F2F communication, as expected and aligning with
other findings [6, 10, 35], our results show that communication in
F2F is preferred and leads to the highest co-presence, social presence,
and closeness when compared to mediated communication (AMC,
RMC).

When comparing AMC, RMC and F2F, it has been found that
younger adults report averting attention from nonverbal behav-
iors that do not achieve F2F levels [6]. Our findings suggest that
nonverbal behaviors are also considered crucial for older adults,
especially gestures and body movements. Other studies that did not
make a direct comparison like ours have also found that gestures,
body movements, and facial expressions can help build confidence
when communicating with a robot [66] or with virtual agents [61].
Further, in terms of co-presence, we found that older adults can ex-
perience higher co-presence conversing in RMC compared to AMC,
which may not be the case for younger adults [6]. This encourages
further investigation into the factors influencing co-presence in
RMC and AMC with older adults, and the reasons behind these
differences across demographics.

5.2 Consistency across Tasks
We considered that the structural differences between the two tasks
would influence how each communication medium was perceived.
The conversation focused on facial expressions, which is where the
robot excels through video, and collaboration was goal-oriented and
relied more on movement and gestures, aligning with the strengths
of the avatar. However, our results were surprising. We found that
only in RMC, participants reported a lower co-presence when col-
laborating compared to having a conversation. There was no signif-
icant difference in the avatar condition between conversation and
collaboration, despite the limited facial expression (we only had
eye tracking and lip synchronization). Considering that the task
did not lead to other significant differences in closeness or social
presence, this points towards the avatar’s potential across tasks.

We assume that two aspects primarily contributed to these re-
sults. First, the avatar was able to provide humanlike expressive
deictic gestures during the collaboration task. Previous work has
shown that kinematic fidelity (the level of accuracy of movement
replication of the real person within the space) contributes to high

co-presence [32]. Our robot, while being able to point, was not able
to perform such expressive gestures, and, by that, did not benefit
from this with respect to co-presence. Another factor is that the
robot usually turned away from the user when pointing and driv-
ing (as the confederate was relying on the front-facing camera to
navigate). Thus, most of the time during the collaboration task,
the video feed was not visible to the participant, enhancing the
perception of it being a technical device.

Our findings on rather high reported co- and social presence,
as well as closeness with the avatar in a variety of tasks, suggest
that AMC can possibly allow for companionship for older adults.
Companionship is not about achieving external goals (such as in
our tasks) but rather about enjoying the company of another person
and intrinsic rewards, such as shared leisure activities, recreation, or
discussing mutual interests. Unlike interactions aimed at problem-
solving, these activities are pursued for their own enjoyment [62] So
far, achieving companionship for older adults through technology
has been explored mostly with robots (for an overview, see [70]).
We consider that our findings encourage further a new line of
investigation into companionship using avatars or agents for older
adults.

5.3 Nonverbal Behaviors in AMC and RMC
The TCA revealed that nonverbal behaviors are crucial during
mediated communication for older adults, such as body movements,
gestures, eye contact, and facial expressions, Section 4.1.1.

Older adults expressed positive reactions to being able to see
facial expressions and some eye contact through the screen of the
robot. This aligns with other findings where facial expressions and
other nonverbal behaviors are deemed important for older adults
in RMC [21] and findings of higher ratings of anthropomorphism
if the face of a real person is displayed on a robot [79]. In AMC,
only eye movements were mentioned as unnatural, in spite of using
eye tracking to display the real eye movements of the confederate.
Here, it has been found that avatar perception is affected if eye
tracking fidelity does not match human behavior expectations [38].
Further investigation on the required tracking and display fidelity
is necessary to guide research and practitioners towards the most
effective and efficient solution.

Gestures were mentioned as being recognizable during AMC
while distorted in RMC. In our experiment, the hand and finger
movements of the confederate were tracked and displayed via
the controller, which may have contributed to the preference for
AMC [24] and aligns with older adults’ valuing behavioral anthro-
pomorphism during communication [8]. To provide the robot with
similar capabilities, we added a projector to the robot to simulate
deictic gestures. However, moving towards a specific location and
then pointing at a specific point with the robot took longer (despite
the room-mapping algorithm outlined in Section 3.5.1) and is ar-
guably not very humanlike as pointing in F2F or using an avatar.
Overall, this seems not to have been an effective strategy for deictic
gestures, leaving room for improvement on how such telepresence
robots can efficiently point.

Appropriate body movements were the most mentioned short-
comings in both AMC and RMC. It has been found that robot motion
evokes a feeling of human presence [79] and moving robots are
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rated more humanlike compared to static robots [46]. In our study,
participants saw the robot moving towards them to initiate commu-
nication and around the room during collaboration, but it was still
perceived as requiring improvements in terms of fluid movements.
Regarding AMC, body movements in avatars have been mentioned
as a requirement to enhance social presence for older adults [49].
However, if the body movement fidelity does not match F2F, this
may affect rapport and trust in the conversational partner [64]. This
suggests the need to improve arm and hand movements (gestures)
for AMC.

All in all, these results emphasize the relevance of nonverbal
behaviors in mediated communication for older adults as a path
toward media richness that can effectively foster being together at
a distance.

5.4 The Uncanny Valley
Our results suggest that for older adults, communicating with an
avatar can lead to a higher reported humanness and attractiveness
in comparison to communicating with a telepresence robot, with
neutral impressions on eeriness and spine-tingling. The subtheme
about perceived realism and naturalness (Section 4.1.2) corroborates
findings on humanness and attractiveness, as participants deemed
the robot to be a "technical device" while emphasizing AMC as
enabling expressiveness and being almost like F2F interaction. We
consider that the affordances of the type of robot used, i.e., a telep-
resence robot with limited degrees of freedom and a non-humanoid
shape, influenced these results, especially for older adults. Tu et
al. [71] found that older adults prefer human-like robots compared
to non-humanlike ones in spite of their use case. However, it has
been found that the portrayal of robots as humanlike entities in
sci-fi literature and movies influences the perception and expec-
tation of robots [47, 49], where robots displaying low to medium
anthropomorphic features evoke positive responses [46].

Together, the lower uncanny valley effect of AMC compared
to RMC and the perceived realism mentioned in the TCA are in-
fluencing factors of older adults’ preference for AMC over RMC.
The positive assessment of realism and naturalness (Section 4.1.2)
aligns with previous findings of older adults preferring realistic
avatars [50]. Added to that, Baker et al. [8] emphasized that older
adults deem important not only realism but realistic behavioral
anthropomorphism (an avatar’s ability to move and speak in a hu-
manlike manner). A further contributing factor that favors AMC
can be the appearance similarity between the real confederate and
the look-alike avatar, which also aligns with findings about older
adults’ preference for photorealistic avatars (avatars that replicate
a real person) [60].

6 Limitations
Our study is exploratory, and we present our findings with caution.
Our limited sample size does not allow us to rely only on inferential
statistics or derive generalizable results. That is why we capitalize
on our qualitative findings and present the statistical analysis to
support our claims. However, we consider that studies involving
older adults or people with disabilities (participants that may not be
easy to recruit) should not be discarded merely based on sample size.
They represent a segment of the population that is often overlooked

due to recruitment difficulties, which can lead to widening the
digital gap and marginalization. Further, studies with small "N"
can still be valuable and serve to encourage further investigation,
especially with complex setups like the one presented in this paper.
Additionally, experiments that include older adults are crucial to
better understand older adults’ perceptions and can guide the design
of futuremediated collaboration environments for this demographic
group.

We call for a note of caution in our findings as they present
perspectives of a group of older adults who live independently,
possess formal education, and live in Germany. Older adults are a
demographic group with high variability that stems from different
health conditions, lifestyles [27], and different levels of openness for
new technology adoption [5]. However, we consider that our results
provide a picture of a segment of older adults who are interested in
using rather novel communication technologies.

Our findings may apply to similar telepresence robots and en-
courage further investigation considering humanoid robots with
videoconferencing capabilities for older adults . Additionally, the
inconsistent tracking performance from the devices used, e.g., Varjo
XR 4 and Vive trackers highlight the relevance of stable and reliable
tracking when interacting with virtual humans.

Our collaboration task is relatively artificial. Further investiga-
tions of other tasks (e.g., the confederate acts as the director and
the older adult takes on the role of the matcher) will provide further
insights into the communication experience. Also, our experimental
taskwas rather short (4minutes), which does not allow to determine
long-term effects of robot or avatar-mediated communication.

An opportunity for future research is to quantify the effect of in-
terpersonal relationships (family/friends or acquaintances) in AMC
and RMC. This could help to understand when to enhance medi-
ated communication. In this experiment, we used a confederate to
control for the cofounding factor that having different conversa-
tional partners may add. However, the confederate was a stranger
to all participants, which may have also influenced the perceived
communication experience.

7 Conclusion
We present an exploratory study that compares AMC and RMC for
older adults for communication and collaboration, and contrasts
these findings with face-to-face interaction. Our findings suggest
that both AMC and RMC can effectively foster co-presence, social
presence, and closeness among older adults, but still do not reach
the level of face-to-face communication. Our results highlight as-
pects that can lead to a preference for avatars among older adults,
such as their humanlike appearance and expressiveness. In contrast,
telepresence robots, while useful, were perceived more as “tech-
nical devices” due to limitations in conveying nonverbal behavior
such as gestures and movement. Further improvements in expres-
siveness are essential to enhance the communication experience,
particularly in terms of non-verbal cues such as body movements
and gestures. While avatars were slightly preferred in our study,
local requirements play a significant role in real-world applications.
Factors such as the available space, digital twinning and scene re-
construction are critical considerations. By effectively leveraging
both AMC and RMC strengths and integrating our findings into
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development and research, we can create new opportunities for
connection and empowerment for older adults.
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