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Figure 1: Illustration of scenario where remote participant is experiencing a situational impairment (being on the bus) and uses
their handheld device to engage with the in-room participants using the telepresence robot system.

Abstract

Hybrid videoconferencing often results in conversational domi-
nance by physically present participants, particularly when remote
members are unable to use their camera or microphone due to situa-
tional constraints. This paper invites exploration into the context of
remote situational impairment and the potential of re-embodying a
remote meeting participant via a robotic surrogate without active
user sensing. We integrate a humanoid social robot with video-
conferencing software to develop formative insights about this de-
sign space. We conducted an exploratory user study involving four
triads (each with one remote and two co-located participants). Using
thematic analysis of participant interviews, we identify emergent
themes that inform design guidelines for synthesized telepresence
via a robot proxy. The resulting design guidelines highlight the
importance of a robot proxy system’s ability to actively capture
and sustain the attention of co-located participants and to support
shared awareness of the remote user’s intent.
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1 Introduction

Telecommuting, the practice of using technology to facilitate remote
and work-from-home opportunities, has become an increasingly
common practice since it was introduced as a formal concept in
1973 by Jack Nilles [32, 52], especially in the aftermath of the Covid-
19 pandemic [4, 28]. Nowadays, people can remotely join a meeting
from anywhere, including from the train, the airport, or from home,
while other team members sit co-located together in a meeting
room. The additional benefits that these more flexible working
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arrangements have provided (e.g. reduced financial and environ-
mental burden [54]) have led many experts to conclude that hybrid
meetings (with both remote and co-located participants) will now
continue as a feature of many work environments [20, 28, 58]. A
phenomenon in hybrid meetings which has received considerable
attention in prior research is primary room dominance, in which
remote participants are marginalized compared to their co-located
counterparts [24, 39, 66, 67].

However, a less explored aspect of primary room dominance is
how to address instances of situational impairment for remote meet-
ing attendees. Wobbrock defines situationally-induced impairments
as “[impairments] caused by situations, contexts, or environments
that negatively affect the abilities of people interacting with technol-
ogy [79]” In particular, some remote meeting attendees encounter
situations where they cannot use their computer system’s micro-
phone and/or camera, due to reasons such as child privacy concerns
[38], environmental challenges with noise[72], or technical issues
(e.g. internet connectivity) [77]. These situational impairments can
hinder remote users’ ability to participate effectively in hybrid col-
laborative scenarios, with remote participants being relegated to
supporting roles and co-located members taking on more influen-
tial tasks [10]. Traditional systems often attempt to address this
challenge by providing a text-based chat interface and reaction
buttons, enabling remote users to communicate with co-located
participants through written messages or emoticons. However, this
approach restricts remote attendee’s expressiveness and social pres-
ence (a crucial factor for successful collaboration [6]), exacerbating
the phenomenon of primary room dominance. The slower pace of
typing relative to speaking [30, 65] further contributes to communi-
cation imbalances, and the absence of a video feed removes remote
participants’ nonverbal communication cues entirely, rather than
just reducing their effectiveness [67].

One approach to improve remote participants’ engagement in
hybrid meetings has been to utilize mobile teleoperated robots
[11, 13, 14, 21]. Most often, these robots serve as a portable remote
conferencing interface, with the robot acting as the vehicle to move
around traditional remote conferencing communication tools (e.g.
microphone, speaker, camera, screen) [40, 44, 75]. However, they
require remote operators to be able to share audio and video, and
their largest benefit is their portability rather than enhancing sit-
down meetings [75]. Limited work has been conducted regarding
hybrid meetings and situational impairment despite the growing oc-
currence of such scenarios, motivating the exploration of solutions
addressing this specific context.

Inspired by research in social robotics and telepresence, we pro-
pose a Synthesized Telepresence System where a humanoid robot
head is used as a telepresence proxy, transforming the remote user’s
input into rich verbal and non-verbal behaviors. By offloading the
expressive output to a physically embodied agent, the system ampli-
fies the remote user’s presence without requiring active sensing of
the remote user and allows us to conduct formative work regarding
robot appearance and behavior in this unique use case. To explore
the potential of such a system, we created a collaborative scenario
involving triads (one remote and two co-located users). Following
their interaction with the system, we conducted interviews with all
participants to explore their perceptions of usability, collaboration,
presence, and the robot’s appearance.
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Results from the thematic analysis of these interviews were used
to inform generalized design guidelines for synthesized telepres-
ence via a robot proxy. As part of these guidelines, we identify
the importance of attracting attention, communicating intention,
mitigating conversational latency, and conveying emotion, leading
to new avenues for research in using social human-like robots as
proxies for remote collaboration. These guidelines motivate further
exploration regarding autonomous system behavior in instances of
situational impairment in hybrid meetings.

In summary, this paper presents the following contributions:

o Introduction of a robot proxy system as a solution to specifi-
cally address remote situational impairment in hybrid meet-
ings

o Identification of key insights from interviews of both remote
and co-located hybrid meeting participants regarding syn-
thesized telepresence in instances of situational impairment,
highlighting tensions and overlaps in preferences between
the two groups

e Development of generalized design guidelines for synthe-
sized telepresence via a robot proxy

2 Background and Related Work

Our work draws upon hybrid meeting studies, Human-Robot Inter-
action literature (HRI), and research on situational impairment.

2.1 Situational Impairment and HCI

The specific concerns of situational impairment are under-explored
in the context of hybrid meetings. Research regarding Situation-
ally Induced Impairments and Disabilities (SIIDs) focuses on the
notion that external circumstances can negatively alter the user
experience when interacting with a technology [36, 71]. Design-
ing systems that mitigate situational impairments results in more
equitable user experiences and can improve overall system func-
tionality. Most commonly, research efforts have focused on mobile
technologies such as cell phones [69, 78], addressing challenges
such as cold weather [68], water droplets on the screen [76], mo-
tion [47], and encumbrance [51]. Limited work has been conducted
regarding situational impairment and videoconferencing or situa-
tional impairment and human-robot interaction. Work by Liu et.
al. has proposed a general Human-Computer Interaction approach
to detecting situational impairments, though the effectiveness of
applying this to the context of human-robot interaction has not
yet been explored and the work does not focus on resolving these
situational impairments [45].

Looking at the broader literature regarding hybrid meetings, par-
ticularly in the face of their increased prevalence during and after
the Covid-19 pandemic [26], some situational impairments specific
to videoconferencing and hybrid meetings have been identified,
though not necessarily classified as such. This includes concerns
about privacy of recording individuals at home [53] and internet
connectivity challenges [22].

However, little work has been conducted regarding remote users’
situational impairments in hybrid meetings. This is despite the
timely need for solutions to support calling from public locations
where using camera and microphone is not possible or speaking
violates the social norms of their environment [72]. This paper
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addresses this gap by facilitating synthesized telepresence via a
robot proxy in cases where remote meeting attendees cannot use
their camera or microphone.

2.2 Hybrid Meetings and Addressing Primary
Room Dominance

Different works have explored how to mitigate the challenges of
hybrid meetings through improved video- and audio-presence of
remote attendees, e.g., via adaptable video windows [24], spatialized
audio [33], or integration of 2D and 3D interfaces [74]. Moreover,
other studies [16, 56] emphasize the importance of providing a
spatially integrated presence in hybrid environments [80]. The
ongoing research being conducted in this space highlights that this
is a timely and relevant — yet unresolved — issue.

The concept of using teleoperated robots to support remote
human-human communication has been applied to contexts with
distributed teamwork, facilitating collaboration among geographi-
cally dispersed teams [75]. Unlike traditional video conferencing,
telepresence robots offer remote participants the ability to move
within the physical space, enabling them to communicate not just
verbally but also through spatial positioning and non-verbal cues
[11-13, 21].

However, even for robotic solutions, these approaches often
require that remote users are in an environment where it is situa-
tionally appropriate for them to film themselves and speak, in order
to effectively exert a presence through audio and video channels.
To overcome this fundamental problem, we investigate the ability
for a physical robotic proxy to enhance situationally impaired re-
mote participants’ presence in the co-located space, enabling them
to engage more actively in interactions and reduce primary room
dominance—without relying on traditional audiovisual tools.

2.3 Non-Verbal Communication in Hybrid
Meetings

Embodiment in telepresence refers to the extent to which a remote
user can experience a physical presence in a distant location. This
concept extends beyond mere physical movement and includes the
ability to engage in social interactions in a way that feels natural
and integrated within the remote environment. Research has shown
that users perceive telepresence robots as more socially engaging
compared to static video displays because of their ability to embody
users’ movements and gaze direction [55]. Theoretical discussions
on embodiment emphasize the importance of control, affordances,
and the seamless mapping of users’ expressive capabilities to the
robotic platform. For example, smooth control of the robot’s move-
ments and the ability to navigate the environment autonomously
are crucial in enhancing the naturalness of interaction and the
user’s sense of presence [21, 41-43, 46, 70]. Some investigations
regarding embodiment have focused on specific elements of physi-
cal presence, such as the effect of robot height on conversational
dominance [61] or the combination of a robot arm with a video
screen as a means to increase presence [55].

In this study we focus on embodiment in telepresence using the
humanoid Furhat robot system [5], utilizing its abilities to change
head orientation and mimic human facial expressions. The anthro-
pomorphic design of the robot head allows presence and nonverbal
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communication to be presented in a natural way, in line with rec-
ommendations from telepresence robotics experts [1]. Additionally,
users are more engaged when interacting with robots exhibiting
complex motion [1]; for this reason, we incorporate simulated au-
tonomy with the robot’s head gaze being directed at whichever
co-located meeting attendee is speaking, with the intention to in-
corporate additional autonomous features based on this study’s
results. Other studies incorporating the Furhat robot system for
telepresence have focused on solutions that require active sensing
of the remote operator [3, 25]. Unlike other work, this study focuses
on the context of situational impairment where such sensing is not
possible and motivates exploration of alternative control options
[57].

From the perspective of the remote operator, telepresence robots
provide a sense of physical agency in a remote environment, which
can lead to increased social presence and engagement. However,
from the perspective of co-located teammates, the introduction of
a telepresence robot can sometimes lead to disruptions in group
dynamics, especially in scenarios where several individuals are
physically present and only one is remote [21]. Such situations ex-
acerbate issues of situational impairment, as the remote participant
may struggle to fully integrate into the social and spatial context of
the meeting [35]. This imbalance highlights the ongoing challenge
of achieving seamless collaboration in hybrid settings, motivating
continued exploration of robot proxy solutions. By collecting in-
sights from remote and co-located meeting attendees attending the
same meeting, we hope to facilitate future synthesized telepresence
systems to be designed with awareness of how design decisions
may impact the whole group.

By using a humanoid robot head, we believe we can address the
important context of situational impairment in hybrid meetings,
as this modality will allow a remote meeting attendee to have
non-verbal presence without relying on audio, video, or real-time
tracking. The evaluation study allows us to investigate the potential
of this solution, motivate more extensive exploration in this area,
and provide initial guidelines to support early-stage prototyping.

3 Prototype System Design

Our synthesized telepresence prototype system consists of two
main components: the co-located, “in-person” robot proxy and
the “remote” online interface. The Furhat [5] robot functions as
the co-located representation of the remote user, giving them a
physical presence that facilitates bidirectional verbal and nonverbal
communication. The remote user controls the robot with a web
interface, including a video stream of the co-located space.

3.1 Re-Embodiment: Visual Appearance

The Furhat robot has a consistent physical face structure, created
using a plastic semi-transparent mask. The robot head is able to
rotate in the pitch, roll, and yaw dimensions; allowing the robot
to make gestures that look like nodding, shaking of the head, and
tilting the head to the side.

More refined details are provided by the internal projector, fa-
cilitating additional gestures such as winking, blinking, smiling,
and talking animations. These projections also allow for variations
in appearance, including changing the eye color, skin tone, and
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inclusion of makeup. Though the physical mask does not change,
changes in the shading and coloring of the projected face can give
the illusion of different bone structures, though the variation is
limited in comparison to the true amount of variation seen with
human faces [34, 62]. An example of one of the Furhat character
avatars can be seen in Figure 3c.

With this initial iteration of the synthesized telepresence system,
we have started to investigate the concept of re-embodiment, where
the user is represented with a robotic presence reminiscent of their
own physicality. In this study, this was achieved by either taking
a photo of the remote user and mapping it onto the robot face,
or allowing users to select their preferred pre-made face from a
selection of face options. This is a relatively low-fidelity prototype
to serve as a proof-of-concept and determine if further work re-
garding robot personalization and re-embodiment is justified. The
user selected a text-to-speech voice from a selection of audio clips,
though vocal embodiment was not a principal focus of the study.

3.2 Communication Modalities

With our system, the remote participant can communicate both
verbally and nonverbally with the co-located participants. For the
remote participant, the verbal and nonverbal sensing and commu-
nication are conducted with the co-located robot proxy acting as
an intermediary agent and the user acting as an off-site processor
and controller.

For our prototype system, we utilize some of the existing Furhat
robot capabilities. Specifically, we use inbuilt gesture commands
and the built in text-to-speech processor. The portion of the inter-
face used to control the robot is shown in Figure 2. To have the
robot speak, the user must type text into the text box, then select
the “Speak” button. This text-to-speech feature is not the same pace
as real-time speech, but provides some form of audio communi-
cation without requiring real-time sensing of the remote meeting
attendee. To have the robot complete a pre-determined gesture,
the user selects one of the included buttons (“nod”, “shake”, “roll”,
“smile”, “frown”). The remote user interface including this control
interface and the co-located video feed is included in Figure 3b. In
this prototype, a Wizard-of-Oz [63] configuration is used to change
the gaze of the robot to either one of the co-located participants
or straight ahead in response to who is speaking, mimicking robot
audio localization [7].

Figure 2: Robot operation interface.

3.3 Co-located Video and Audio Streaming

The interface includes audio and video streaming of the co-located
space. The microphone is located between the co-located meeting
participants and the camera is located behind the robot facing the
co-located participants (see Figure 3c). The camera view is intended
to mimic third-person perspective in video games [2], allowing for
the remote meeting participant to see both their fellow meeting
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attendees as well as some of the positions/actions of the robot in
the room.

4 User Study

In this study, we investigate the following research questions via a
formative study using our Synthesized Telepresence System:

(1) To what degree does a situationally impaired remote partic-
ipant feel that a "re-embodied" robot proxy can represent
their presence in a hybrid meeting?

(2) How do design characteristics and control features of a telep-
resence robot proxy affect hybrid meeting experiences of sit-
uationally impaired remote participants and their co-located
peers?

To help address our research questions, we orchestrated a discussion-

focused hybrid meeting scenario. In the scenario, there were three
people participating in a meeting; two of these participants were
co-located “in-person”, and the third participant was both “remote”
and unable to use their computer’s microphone or camera. The
Furhat robot proxy is located in the co-located meeting room, with
the remote participant operating it in a separate room. The remote
operator uses the online interface to both control the robot and
have a view of the robot co-located meeting participants (Figure
3b). Figure 3 shows staged photos highlighting how participants
were situated.

The participants performed three discussion-based tasks. A the-
matic analysis of post-discussion interview responses comprised
the bulk of the data collection and processing. This study focused
on open-ended interviews as a means of data collection due to the
unique context of the system. The sample size is informed by other
interview-based studies in HCI literature [17].

4.1 Study Design

Within the group of participants, one was assigned as the “remote
attendee”, while the other two were “co-located”. Before completing
any tasks, the remote participant selected an avatar and voice from
a prepared set of Furhat characters and voice settings. After this
was done, the remote participant went into one room (see Figure
3a) and the two co-located participants went to another (Figure 3c).
After completing three tasks as a team - with the remote attendee
using the online interface (Figure 3b) to control the robot and view
their fellow participants - each team member was independently
interviewed by a member of the research team about the experience.
During the tasks, autonomous gaze behavior was simulated with a
Wizard-of-Oz approach (see Section 3.2).

4.1.1 Introduction Task. First, participants were guided by the fa-
cilitator to introduce themselves, including their name, preferred
pronouns, favorite color, and favorite book or movie. This is a turn-
taking task where there is roughly equal amounts of engagement
from all participants. With a task like this, in-room dominance is
minimized due to the more structured nature of the conversation.
Besides introducing participants to each other, this also introduces
the participants to the system. Other discussion-based Human-
Computer Interaction (HCI) research has also included guided in-
troductions as a way to transition into more intensive discussion
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Online interface for
controlling the robot proxy

(a) “Remote” room

(b) Online interface
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Robot proxy

Chat box for text-to-
speech feature

(c) “Co-located” room

Figure 3: Staged photos of experimental setup.

tasks [24, 74]. Given the concise, structured nature of the task, there
was no set time to complete the introductions.

4.1.2  NASA Survival on the Moon Task. In this task, the group is
given instructions describing a space mission scenario, where a
space ship has landed on the moon far away from the lunar base
that is their final destination. They are given a list of supplies, and
asked to rank the importance of the various materials.

Our task is a variation of the one introduced in 1963 as part
of an interpersonal relations study [27]. Similar to other studies
[60][74][60][49], we made slight alterations. The list was shortened
to 8 items, in order to reduce the amount of time needed to reach
a consensus. Participants were given five minutes to discuss their
solution.

For the purposes of this study, we were not concerned with
participants reaching a "best" answer, focusing instead on how
participants communicated as they worked to reach a consensus.
Each participant was provided with the task instructions and a
worksheet to be filled in with their ordered list; the group was
instructed that they should all have the same answers on their
sheets at the end of the five minutes, and that “It is most important
for all team members to have the same things written, even if that
means you do not have all 8 items written down.”

4.1.3  Event-Planning Task. This task was similar to the NASA Sur-
vival on the Moon task, in that the priority was for participants to
reach a consensus, rather than reaching a correct answer. This task
required the participants to choose from a "menu" of items for the
event, while staying within a budget. This included beverage and
dinner offerings, color scheme, furniture, and bonus decorations.
The "cost” of items was varied enough that participants could not
choose the most expensive options in every category and stay under
budget, motivating discussion. Planning tasks such as this one have
been utilized in similar HCI studies [24][64], though for this task
we did not replicate a specific study design. Like the NASA Survival
on the Moon Task, participants had 5 minutes for deliberation and
were instructed to prioritize agreement rather than completeness
when filling out the worksheet.

4.1.4  Post-Study Interview. After the meeting concluded, each par-
ticipant was interviewed individually by a member of the research
team. They were all asked the same initial set of questions, with
additional questions being asked based on their responses and/or
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events that occurred during the activities. The same baseline ques-
tions were asked to both the remote and in-person participants,
so that the perception of the system from both perspectives could
be considered in the evaluation of the prototype. Interviews were
audio-recorded and transcribed for thematic analysis.

5 Results

A total of six sessions were conducted, though two were discarded
due to technical difficulties with the recording equipment. For the
remaining four sessions, each participant was interviewed individ-
ually, creating a total of 4 interviews of the remote participants
and 8 interviews of the co-located participants. Participants were
recruited from the local university community; as part of the in-
dividual recruitment process, interested participants shared their
availability and were assigned to a session by the facilitator in or-
der to reduce the likelihood of familiarity among participants. This
study was approved by our institution’s Ethics Committee, and all
participants consented to the study.

A thematic analysis [15] was conducted regarding the responses
to the 12 semi-structured interviews. First, one member of the re-
search team used the transcripts to create an initial set of codes
regarding situational impairment and remote collaboration. Then,
three researchers from this project refined the codes to identify
themes and sub-themes. After a rigorous familiarisation with the
data, the researchers coded the interview transcripts with this re-
fined code list, with each interview transcript being coded by at
least two members of the research team. The codes for each in-
terview were reconciled across the research team to create a final
collection of codes, themes, and sub-themes.

The results of this analysis are included in the appendices, high-
lighting elements of the remote and co-located interviews, respec-
tively. In the following sections, we refer to co-located participants
with a ‘CL’ and remote with an ‘R’. Additionally, in the labeling,
the ‘S’ refers to their session, and the numbers ‘1’ and ‘2’ are used
to distinguish between the co-located participants.

5.1 Interaction and Communication

5.1.1  Physical Presence and Engagement. The presence of a 3D, in-
teractive robot co-located with the in-room participants influenced
their level of engagement with the system. Participants expressed
sentiments such as the robot’s physical presence is helpful (S3-R, S4-
R, S3-CL1, S5-CL1, S5-CL2, S6-CL2), robot gestures are helpful (S3-R,
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S3-CL2, S4-CL2, S6-CL2, S5-CL1), robot movement is helpful (S5-R,
S4-CL2, S5-CL1, S5-CL2, S6-CL1, S6-CL2), and robot gaze behavior
improves engagement (S4-CL2). For instance, S3-CL1 felt that, “The
sight that it’s actually there...you’re consistently aware of this, that
you have to ask for [their] opinion”. For S4-CL2, “it [the robot]
feels like it has eye contact and it’s willing to listen to you and
willing to participate in the conversation.” These insights suggest
that the robot’s physicality, combined with its movement and gaze
behaviors, fostered a greater sense of presence and inclusion for
remote participants.

5.1.2  Interaction Confirmation. While remote users could control
the robot’s facial expression through GUI buttons, the absence
of proprioceptive feedback made it difficult for them to confirm
whether the gesture was executed correctly and when. One remote
participant expressed a desire to have a live display of the robot’s
current facial expression on their screen. They explained that this
would provide continuous reminder of their presence, stating, “I
wanted to get a continuous reminder that I was not just a block,
a piece of plastic somewhere. I was actually being represented as
something with a face and with eyebrows or lips” (S5-R).

Additionally, participants mentioned utilizing the in-room video
feed for interaction confirmation — whether it be to ensure the robot
was responding to commands (S5-R) or to check if in-room partici-
pants were paying attention to them (S4-R, S5-R). This highlights
the importance of proprioceptive cues for the remote participant
to ensure effective communication.

5.1.3  Explicit Intent Expression. Both co-located and remote par-
ticipants highlighted the importance of the robot’s ability to ef-
fectively signal when it intended to speak (S3-CL1, S4-CL1, S5-CL1,
S5-CL2, S6-CL2, S5-R). In particular, there was a strong desire for a
typing indicator to inform in-room participants when the remote
participant was typing (S4-CL1, S5-CL2, S6-CL2, S5-R). For in-room
participants, this need was often driven by the sentiment that it
was hard to predict what the robot was going to do (S3-CL1, S5-CL1,
S6-CL2), making it difficult for the co-located participants to gauge
when the remote participant intended to contribute to the conversa-
tion. Additionally, participants suggested the need for a mechanism
to communicate system error to the remote participants; this rec-
ommendation arose particularly from the group that experienced
the technical issue of an internet disconnection (S3-R, S3-CL1, S3-
CL2). During these moments, co-located participants were unsure
whether the remote participant was simply quiet or encountering
a technical problem, highlighting the importance of transparent
communication such as active listen cues or back-channeling.

5.2 Appearance and Use Cases

5.2.1 Embodied or Communication Tool. For the remote partici-
pants, there was a strong emphasis on the robot embodying the hu-
man operator. S5-R described the robot as a representation/extension
of the user: “Towards the end of the experiment, I stopped display-
ing those non-verbal cues in this room and I started displaying them
solely through the robot itself” There was also a desire for the robot
to look like self (S5-R, S6-R). For participants who chose a built-in
robot face, their selection often reflected their personal “identity”
(S6-R). Beyond resemblance, some participants also expressed an
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interest in the robot having a friendly face and voice (S5-R, S6-R,
S4-CL2).

In-person participants expressed mixed opinions about how
much the robot should embody a human. Some felt that a human
face is better than robotic face (S4-CL1), suggesting to add more
human-like features by adding more “body parts” to robot (S5-CL1,
S5-CL2) or adding “hair” to robot (S5-CL1, S6-CL1). There was also
interest in making the voice more human-like (S5-CL1, S6-CL1).

Conversely, other participants believed that a robotic face was
better than a human face (S4-CL1) and considered the robot as a
tool for human to communicate (S6-CL2). One participant explained
their preference by saying, “I don’t feel like project[ing] someone’s
face onto a robot is really presenting himself. I think robot and
human [are] different” (S6-CL2). There were also concerns about
uncanniness (S3-CL2, S5-CL1, S6-CL1) along with concerns about
privacy with re-embodied face/voice (S6-CL2) when the robot is too
human-like.

These differing views were reflected in the discussion about the
current robot face, which for one participant was a projected photo
of themselves and for the others was selected from pre-made robot
character packs. Some felt that the current face is good (S3-CL2,
S6-CL1, S6-CL2). Others were already experiencing effects of the
uncanny valley, believing that the current face is creepy (S4-CL1).

One participant highlighted that the ideal appearance may de-
pend on the context, noting that the ability to customize appearance
is important (S5-CL2) to better suit different situations or prefer-
ences.

5.2.2  Privacy vs. Transparency. Participants had differing perspec-
tives regarding the level of privacy the system provided the remote
participant. For in-person participants, this sometimes created a
sense of uncertainty about remote participant, where they “don’t
know what’s going on” (S4-CL1) when the robot is speaking. Due
to the fact that the robot is not emotive, it was also difficult for co-
located participants to fully interpret the tone or emotion behind
the remote participant’s typed responses (S5-CL1,S6-CL1). Partici-
pant S6-CL1 stated, “... he’s saying the sentence - and it might be
he’s neutral, it might be he’s happy, he might be sad and you don’t
know” (S6-CL1).

Conversely, remote participants appreciated the privacy provided
by the system. S4-R noted, “The best thing I like about this robot
is that I can do anything I want without being seen by other peo-
ple” This suggests that the lack of emotional transparency, while
challenging for the in-person participants, offered remote users a
sense of autonomy and comfort, allowing them to act freely without
being observed.

5.2.3 Possible Applications. When asked about possible applica-
tions for the telepresence robot system, one participant discussed
demographics of interest. In particular, they mentioned possibilities
for people with disabilities and people with technology challenges to
benefit from the system (S5-CL1).

5.3 Group Dynamics

5.3.1 Relative Engagement. Though the robot proxy was positively
viewed by participants, instances of clear in-room dominance still
occurred. From the perspective of the remote participants, their
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contributions were sometimes “quite less” (S3-R). There were also
moments where the remote participant felt ignored, as reflected by
S6-R, who noted “they’re not listening to me”. Interestingly, some
co-located participants also acknowledged the uneven communica-
tion dynamic with remote participant contribut[ing] less: “in-person
participants feel more like group setting” (S3-CL1).

However, there were moments where the remote participant felt
listened to, such as with participant S4-R, who said, “I feel that
I contribute a lot to the conversation because my team member
listened to my idea” (S4-R). There was even the sentiment that
all participants were equal across both the remote and co-located
participants. When describing their remote experience, S4-R said,
“I think I can participate in the meeting with other team member
in the same way as in person.” Another remote participant, when
asked how much they felt they contributed to their team’s solutions,
classified it “as equally as the other two, even though it meant
that I...had to contribute insights...once they had moved on from
the topic a little bit” (§5-R). When asked if anyone contributed
significantly more or less than their fellow participants, one of the
co-located participants described the situation as “equally engaging”
(S4-CL1).

In line with these other observations, the co-located participants
often felt listened to in-room, feeling that their fellow participants
“can listen to my idea and my reason for my decision” (S4-CL2).

When asked to make a direct comparison of the robot telepres-
ence system to a chat-only hybrid zoom setup, multiple participants
across both rooms expressed that a video call with chat-only would
be worse than the robot telepresence system, as they “prefer [to
interact] with the robot” (§4-CL2). While S6-CL1 shared that the
robot proxy or chat-only would be the same, S5-CL1 expanded on
the fact that the physical present of the robot helps in making sure
remote participants are not forgotten in hybrid meetings:

Compared to this? Yeah, definitely. I think if it’s just
a - basically - a screen with a chat, that would impact
how the discussion [would] go. I think the physical
person would- I think not purposely - but they get
too deep into the physical interaction and they will
just forget about the chat. Because that’s happened
to me a lot before (S5-CL1).

5.3.2  Attracting Attention. We identified the ability to capture at-
tention as a dominant theme in our analysis. Remote participants
need to be able to convey their intent to contribute to a discussion
and/or to become the focus point of attention. Our data shows both
instances in which the remote participants were able to attract
attention through the robot and instances in which they failed.
We identified the robot’s voice as a successful tool to attract atten-
tion, while gestures were found to be less effective. S5-R noted, “If I
[made] a little gesture that my robot is displaying, they sometimes
missed it because they just weren’t looking at the robot. But in
terms of everything that was verbalised, they did pay attention and
take it into consideration” This highlights the critical role of voice
in ensuring remote participants’ contributions are noticed, whereas
non-verbal cues were often overlooked by co-located participants.

5.3.3  Effects on Collaboration. Both remote and co-located partici-
pants noted that successful hybrid collaboration depended on the
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intentional inclusion of remote participant by the two co-located par-
ticipants. For some in-room participants, this was a clear, deliberate
effort (“We’re trying to understand and we’re trying to include the
other [remote] person” (S5-CL1)), while for others it was reflected
in behavioral adjustments (“I kind of felt myself wanting to wait
for her to type” (55-CL2)).

Empathy for remote participant also played a role in the collabo-
ration dynamic. Participant S5-CL1 shared, “I just felt bad for the
person in the robot, because I felt that they weren’t heard a lot.”
However, multiple co-located participants commented on the fact
that they sometimes only included the remote participants to seek
agreement (S3-CL1, S3-CL2). For example, S3-CL1 observed, “we
are just confirming whether they [the person behind the robot]
agree or not.”

5.3.4 Conversation Flow and Timing. Both co-located and remote
participants identified that the conversation slows down due to the
system compared to the conversational pacing of just co-located
meeting participants. In this mixed-modality setup, typing speed
influences conversation flow; S4-R argued “I think it’s not as effective
as in-person because I need more time to type on the keyboard”,
while S6-R felt that “typing...through text... it’s very rudimentary,
like it doesn’t feel fast enough”. It was also identified that text not
deleting caused repetition, where when the text remained in the text
box, the participant would sometimes accidentally send the same
message again (S5-R).

The remote participants reflected on the sorts of conversational
effects that occurred due to this slower pace. Specifically, it was
identified that it was difficult to smoothly interject into the in-
person conversation, interrupting co-located speakers or needing
to backtrack the conversation when those in-person had already
moved on to another topic.

..I'had to butt in at times ... by the time I was done
typing out the thing I wanted to say they probably
already had moved on a little bit. So I think I had to
dial the conversation back to the previous topic, but I
think once I butted myself into that conversation, it
was our conversation then. (S5-R)

These effects were also felt by the in-room participants, identify-
ing both that there was a robot repetition error and robot communi-
cation delay (“the delay and some of the robot repeats” (S5-CL1)).
Some co-located participants did note that they were able to check
for agreement from the remote participant with the head gestures
(S3-CL1, S3-CL2).

6 Discussion

Our work introduced synthesized telepresence via a robot proxy
as a novel approach to tackle situational impairments of remote
participants in hybrid meetings, leveraging its agency and physi-
cal presence to enhance inclusivity. Interviews with participants
showed an overall appreciation for the system and provided in-
teresting insights for guiding the design of robots as proxies for
collaborative hybrid interactions. By examining the similarities and
differences between the remote and co-located participants (see
Figure 4), we formulate design guidelines that consider the expe-
rience of all meeting attendees in the case of remote situational
impairment addressed using a robot proxy.
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Co-located and Remote Participants

Reflections on comparison to chat-only hybrid system

Variations in perceived inclusion and engagement

Active reflection on the hybrid experience

Reflection on additional possible user demographics

Instances of successfully grabbing attention of co-located participants

Instances of failling to grab attention of co-located participants

Lack of information about remote intent to speak

Co-located Participants

Slows down communication

Enjoyment of privacy

Positive perception of robot physical presence

Positive perception of robot non-verbal interactions

Lacking information about system behavior in the room

Using collocated video feed as input

Appearance considerations

Emphasis on robot acting as a representing of the human

System improving communciation flow compared to chat-only hybrid option

System slowing down communication compared to co-located pace

Reflections on robot system's role as a tool

Reflections on the face currently displayed on robot
Concerns regarding robot's human-like appearance
Emphasis on robot acting as a representing of the human

Reflections on importance of customizable robot appearance

Instances of robot physical behavior worsening engagement

Instances of robot physical presence increasing engagement

Lack of transparency about remote participant limits interaction

Figure 4: This figure organizes the sub-themes from our thematic analysis into three categories: insights from only remote
participants (left/pink), only co-located participants (right/blue), and both remote and co-located participants (top/purple).
Sub-themes grouped close together share a theme (the relationship between themes and sub-themes can also be seen in the

appendices.

The physical presence of the robot emerged as a critical fac-
tor in including participants in the collaboration. By reducing
the in-room dominance—inherent to hybrid meetings and
exacerbated by the situational impairment of remote par-
ticipants—the robot was perceived as a good alternative to prior
experiences with solely screen-based solutions. This insight aligns
with work by Biehl et al. [9], which found that embodied video
interfaces enhanced co-located participants’ awareness of their
remote collaborators. Beyond that, our robot proxy system also
improved opinions of the remote participants regarding the sys-
tem and their own social presence, possibly because it allowed
for directly transferable nonverbal communication, unlike other
work. We hypothesize that the camera view for the remote partici-
pant, showing some of the ways in which the robot they controlled
was interacting within the room, improved their own perceived
engagement.

Additionally, having a text-to-speech feature was identified as
a crucial element of the system, particularly as a means of attract-
ing attention of the co-located participants when they are not
already directing attention to the robot proxy, and subsequently
the remote meeting participant. As the auditory text-to-speech
consistently succeeded in grabbing the attention of the co-located
participants, it motivates investigation into additional, non-verbal
auditory cues as a means of attracting attention [37].

The two groups perceived the robot gestures differently. For co-
located participants, the gestures were one of the highlights of
the system, facilitating an easy way to check for agreement
and helping them stay engaged with the remote participant.
For the remote participant, the gestures were still useful, but there
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was higher awareness of situations where the robot was mak-
ing a gesture and the co-located participants missed it, which
could be observed via the camera feed and increased their percep-
tion of primary room dominance. Combining gestures with lighting
or audio cues may be necessary to help attract attention [8].

Additionally, there was significant interest in creating a shared
awareness of the current conversation state amongst all meeting
members. In particular, co-located participants desired increased
situational awareness regarding the remote attendee, whether
that be via a typing indicator (so that co-located participants will
wait to progress the conversation to another topic) or conveying
the emotional tone of the remote person’s responses. There was
also desire amongst co-located participants to know more about
the state of the telepresence robot proxy, so that inactive robot
behavior could be accurately attributed to the remote participant
or to the system’s failure. Remote participants also wanted to be
aware of the system state, relying on their video feed to get confir-
mation regarding the gestures that they sent. It could be valuable
to explore how an adjustable view of the meeting space influences
the interaction (reminiscent of the work by Spittle and Panda et. al.
[74]). It seems likely that if this shared awareness was improved,
the conversation flow would also improve.

Continuing on the theme of giving the remote participants knowl-
edge on what is happening in the co-located space, the system
would benefit from a robot proxy self-view showing the actions
of the robot, particularly those that cannot be picked up by the
camera. This reflects preferences of people regarding their own
camera self-view in traditional videoconferencing [18], demonstrat-
ing interesting similarities in monitoring of embodiment for video
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recording and robot proxy representation. It is important to note
that remote participants who desired more information specifically
said they would like an additional window to show the robot’s
face, similar to existing self-view features in video conferencing
platforms, rather than requesting the webcam for the system be
moved to another location. This highlights the importance of main-
taining both the existing camera angle and adding in a robot proxy
self-view, and again supports the idea of an adjustable view of the
meeting space. Furthermore, additional cues such as pointing or
cues assisting co-attention could be introduced to enhance collabo-
ration.

Regarding the robot’s appearance, there was not a clear consen-
sus on how much the robot should represent the operator. Remote
participants conveyed more interest in the robot looking similar to
whomever was operating it. However, the co-located participants
that had to look directly at it expressed mixed opinions about the
robot appearance, with some expressing concerns in-line with exist-
ing literature regarding the uncanny valley [50]. Though a remote
participant may prefer to have a hyper-realistic version of their face
on the robot, if co-located participants find that “creepy”, it may be
worth reducing the level of human-likeness. Alternatively, repeated
exposure to the system may reduce the uncanny valley effect [81],
and could be incorporated into the system deployment. As such, it
seems that the level of accurate representation through the
robot would need to be customizable depending on both the
user and the situation (in line with similar social virtual reality
embodiment literature [23]).

There were additional interesting cases of differences between
the remote and co-located participants. For co-located partici-
pants, the lack of live mapping of the remote participant’s
actions and emotions was perceived as a barrier to success-
ful communication, while remote participants sometimes
enjoyed it as a useful privacy perk of the system. A nuanced
approach to tackle this could be to enhance the robot proxy’s ex-
pressivity via autonomously generated behaviors to suit the con-
versation; enhancing emotive communication while keeping the
privacy of the remote user.

Continuing the discussion of robot autonomy in this system, the
robot head-gaze behavior led co-located participants to feel that the
robot was listening to them based on when the robot was looking
at them. Notably, since this was a simulated case of autonomous
auditory localization, it did not reflect whether the remote partici-
pant was paying attention. This motivates discussion about robots
mimicking human autonomy and how that influences per-
ception of the remote participant, reminiscent of discussions
regarding traditional HRI Wizard-of-Oz studies and how human
operators influence participants’ perceptions of robot autonomy
[59]. When is it misleading or deceptive to allow autonomous robot
motion or actions, if ever?

6.1 Design Guidelines

Using the results of this thematic analysis, design guidelines for
a robot proxy system to embody a situationally impaired remote
meeting participant in a hybrid meeting are proposed. The guide-
lines are summarized below:
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e Attracting attention The system must enable the remote
participant to grab the attention of the co-located partici-
pants. In particular, auditory cues are necessary to attract
immediate attention, while physical gestures help maintain
sustained awareness of the remote participant throughout
the interaction.

e Turn-taking and communicating intention The system
must address the differences in conversation mediums, par-
ticularly that the remote participant does not have reflexive
body language to communicate intent-to-speak nor the abil-
ity to automatically communicate nonverbally.

e Mitigating conversational latency In particular, it is im-
portant to provide methods for real-time communication
from the remote participant, as typing is never going to be
at the same pace as speaking. Both increasing typing speed
and providing alternative means of communication (ex: non-
verbal gestures) help improve conversation flow.

¢ Communicating system state Both remote and co-located
participants depend on awareness of the system state, relying
on knowledge that the system is working, or being alerted if
there is an error.

e Customizing appearance There is no consistent preference
regarding the robot’s appearance - customization allows the
appearance of the robot to be personalized to the remote
operator’s preference while also allowing consideration for
the meeting participants that are co-located with it. There
is an ongoing tradeoff between considerations regarding
embodiment and the uncanny valley.

e Conveying emotion By implementing vocal tone and emo-
tive facial expressions, the communication of the remote
meeting attendee’s intent and sentiments is improved, allow-
ing them to be better represented in the meeting.

e Leveraging system autonomy Autonomous features in-
crease presence of the remote attendee while maintaining
privacy. With autonomous embodiment, the possibility of
inaccurately representing the remote attendee’s intent must
be considered.

Based on the results of this study, we are motivated to improve
upon our robotic telepresence prototype using our own design
guidelines and then run more in-depth studies. In practice, this
includes adding a light-based typing indicator to the base of the ro-
bot, adding a robot proxy self-view for the remote participant, and
increasing the emotive abilities of the system. Additionally, future
work should investigate methods for increasing shared awareness,
explore options for customization of appearance, and work to iden-
tify methods and implications of autonomous robot proxy behavior
when it’s re-embodying a situationally impaired human. Investi-
gations regarding different levels of autonomy could provide addi-
tional insights regarding the benefits and challenges of autonomous
proxy behaviour; an example of this may include allowing the re-
mote operator to directly control the head gaze of the robot, rather
than having this be an autonomous process. This work also mo-
tivates a larger-scale study to directly compare this system to a
chat-only or solely text-to-speech interface using quantifiable met-
rics such as eye-gaze[19], turn-taking [73], or speaking-time[48].
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Alternative metrics such as task completeness should also be con-
sidered, as increased social presence does not necessarily correlate
to task metrics[29]. Eventually, deploying this system “in the wild”
could provide unique insights regarding the possible feasibility of
large-scale adoption of such a system; especially given the known
barriers to commercial social robot adoption [31].

6.2 Limitations

We acknowledge some limitations of this study. As noted, there were
originally six groups, though two were removed from the thematic
analysis due to data collection issues. The participants from Session
3 had their experience influenced by the robot system experiencing
connectivity issues partway through the Survival on the Moon
Task; this ended up being a benefit and informing useful insights
regarding the system. These results are not generalizable, due to
the small sample size, though they invite useful initial discussion
and help motivate studies with greater participant sample size in
the future.

Additionally, some participants noted that they felt pressure to
complete the tasks within five minutes, which influenced how they
behaved in the conversation. Though, given that meetings often
have a set cut-off time, this is arguably reflective of typical hybrid
meeting parameters. Some participants emphasized that a camera
and/or microphone would improve the interaction, demonstrat-
ing that they did not fully understand the context of our situa-
tional impairment scenario. We do not believe this devalues their
insights, but future work will better emphasize situational impair-
ment. Though these results in the controlled lab environment are
useful for initial discussion, implementing this study in a more
natural situational impairment setting (such as public transporta-
tion, as highlighted in the example in Figure 1) will be necessary to
comprehensively evaluate the effectiveness of synthesized telepres-
ence in contexts of situational impairment. The system could also
be evaluated in more diverse meeting configurations, where there
may be more co-located participants in the room or even multiple
remote attendees.

7 Conclusion

Overall, our robot telepresence system shows high potential for
improving situationally impaired hybrid meeting scenarios, and our
interview study provides unique insights into the re-embodiment
of remote participants in this context. This paper provides a novel
outlook into a hybrid meeting scenario by having all meeting at-
tendees be interviewed, to allow for a comparison of the co-located
and remote perspectives. This study highlights the benefits of hav-
ing a physical embodiment of the remote participant and suggests
ways to improve the conversation flow within the mixed-modality
communication system. Future work will evaluate the success of
these suggestions and investigate the benefits and implications
of incorporating autonomy into a robot proxy system when it is
representing a remote meeting attendee that cannot be directly
observed.
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