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Abstract

Feeling socially connected is important for personal well-being, yet
many older adults report increasing loneliness and decreasing social
connections. We explored how robots and their behaviors can sup-
port group interactions and foster social participation among older
adults in a community center setting over repeated interactions. We
developed a semi-autonomous collaborative and discussion-based
variant of the game “With Other Words” for groups of three to
four older adults and two robots. A facilitator robot (Furhat) me-
diated discussions using gaze and verbal support, while a guesser
robot (Misty) attempted to guess the words that group members
described ‘with other words’. We invited 34 older adults aged 65+
to play the game in groups of three or four, three times over two
to five weeks. An explorative mixed-method analysis, combining
quantitative metrics with Ethnomethodological Conversation Anal-
ysis (EMCA), shows that robot gaze and verbal behaviors as well
as negotiations around “wrangling” the guesser robot encouraged
participation in the game. Further, verbal supporting behaviors
elicited shared laughter but also led to breakdowns. While no direct
significant improvement in social connectedness was observed, this
work contributes to our understanding of how robot behaviors
might shape interactions among older adults.

CCS Concepts

« Human-centered computing — Empirical studies in collabora-
tive and social computing; User studies.
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Figure 1: Study setup. Two-robot word-guessing game with three to
four older adults in a community center. The facilitator robot (left)
supports the discussion; the guesser robot (right) guesses words
after participants’ description. Images shown with consent.

1 Introduction

Social connectedness is important for individual well-being [28, 86].
It has been shown to slow cognitive decline [66, 68], increase emo-
tional well-being [39], improve physical health [61] and even life ex-
pectancy [34]. Yet, older adults can face challenges, such as reduced
mobility, and fewer opportunities for social interactions [35, 55],
which hinder social connections. The 2015 WHO report on aging
and health highlights the importance of providing opportunities
for social participation for the aging population [62]. Our work
explores how robots can facilitate human-human contact among
older adults, supporting their need for social participation.

Prior work has demonstrated that robots can support and shape
interactions among people [21, 36]. For example, non-verbal behav-
iors such as gaze have been found to shape conversational roles [52],
provide turn-taking cues [75], or balance participation [18]. Verbal
robot scaffolding behaviors have been shown to support creative
storytelling [2] or parent-child social interactions [10, 27].

Despite these promising results, studies of how robots can shape
interactions among people in real-world environments and beyond
the novelty effect are scarce. Exceptions include school-based ex-
periments supporting inclusion of newly arrived [20] or visually im-
paired [54] children, or in-home studies showing that robots can en-
hance parent—child conversations [10]. Closely related work [8, 64]
showed that robots in older adults’ community spaces can serve as
a conversation facilitator increasing connectedness and bonds. Yet,
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which robot behaviors can support small group interactions among
older adults over repeated interactions remains underexplored.

This paper investigates how robots can support groups of older
adults in real-world settings, over repeated interactions. We en-
gaged groups of older adults in a word-guessing game supported by
a semi-autonomous dual-robot system. The facilitator robot guided
the discussions using gaze and verbal support behaviors inspired
by prior work [12, 18, 64]. The guesser robot played a key role by
guessing words from participants’ descriptions.

Though no significant increase of social connectedness observed,
our mixed-method analysis confirms the effectiveness of robots
supporting group interactions over repeated interactions for groups
of older adults. We find that negotiations around “wrangling” the
guesser robot and supporting gaze and verbal behavior encourage
individuals’ participation in group interactions. Verbal supporting
behaviors often coincided with laughter. Whereas shared laughter
can positively affect social interactions and connections [16, 73],
our Ethnomethodological Conversation Analysis (EMCA) indicates
that a robot’s verbal participation in a group interaction is still
challenging and should be used carefully. By using games and
deploying our robot system in local community centers, we created
genuine opportunities for social participation bridging the gap
between laboratory research and real-world applications.

2 Background and Related Work

We position this study within existing HRI literature that inves-
tigates how robots can shape group processes and support older
adults. In addition, we detail related works that motivate the non-
verbal and verbal support strategies chosen for the facilitator robot.
Robots Supporting Older Adults. Prior HRI work with older
adults focuses mostly on individual support [3, 17, 44] or general
companionship [8, 29, 85]. In particular, researchers showed emo-
tional benefits through robots like PARO [8]. Recently, researchers
started to explore how robots can be part of group activities. For
example, Louie et al. [47] integrated robots to facilitate a memory
game for engagement and performance. Hebesberger et al. [30]
examined robots in walking group therapy, reporting increased mo-
tivation, cohesion, and mood. Other related work identified factors
influencing elderly social inclusion [9, 78], emphasizing the need
for person-centered design, careful use of communal spaces, and
accommodations for cognitive and sensory impairments [63, 64].
In this paper, we aim to advance prior insights for HRI work-
ing with older adults by deploying a facilitator robot that actively
supports interactions between people in a real-world setting.
Robots in Groups. Research on groups has become increasingly
important in HRI [56, 72, 74], e.g., how groups perceive or act to-
ward them [11]. Other prior work demonstrated that robots can sup-
port and shape interactions between people [21, 36]. For example,
robots can strengthen cohesion and performance [60], foster empa-
thy [31], and promote inclusion and connectedness among newly-
arrived [20] and visually-impaired children [54] and adults [81].
Related works explored verbal [27, 40] and non-verbal behaviors
to support a group, e.g., through gaze [18, 52], gestures [20, 31, 67]
or movement and lights [54]. Gaze has been shown effective in
different ways. Mutlu et al. showed how gaze shapes conversational
roles [52]. Gillet and Cumbal et al. showed [18] that adaptive gaze
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Figure 2: Flow of the game play. One game round has a discussion
and a description phase and ends with the guess.

behaviors can mediate participation imbalance and Skantze et al.
demonstrated that gaze can yield the turn [75].

Different from individual interactions, robots interacting with
groups need to further decide whom they gaze at or speak to. Re-
lated work often either addresses a fixed participant [52] or focuses
on supporting the least active participant [18, 20, 54, 84]. Given the
insights from prior work, we designed the gaze behaviors of the
facilitator robot to gaze toward the least active participant.
Scaffolding and Robots’ Verbal Support. Scaffolding is defined as
immediate and adaptive support during problem-solving to sustain
participation, engagement, and effective communication [40, 41, 88].
In HRI, robots’ verbal scaffolding support mediates interaction. For
example, a robot’s verbal scaffolding targeted to promote children’s
learning [27] or parents’ reading behavior [10] could promote in-
clusion and richer social interaction among parents and children.
For older adults, tailoring support to their cognitive and behavioral
characteristics is important [7, 26]. Prior work explored scaffolding
to help older adults adapt to unfamiliar activities [78], like robot’s
think-aloud supported cognitively impaired older adults in coding.
Scaffolding, like engaging emotion [47] and creating error space [2],
has also been applied to conversation-centered studies to improve
engagement. For example, Otake-Matsuura et al. [65] explored a
robot “assigning speaking time” for older adults’ group training.

Building on these, we integrated the verbal scaffolding of shared
memory and think-aloud to support group communication among
older adults, aiming to sustain participation, balance group dynam-
ics, and strengthen engagement across repeated interactions.

3 The Task: A Robot-Supported Collaborative
Variant of the With Other Words Game

We designed a collaborative version of the original word-guessing
game Med Andra Ord (“With Other Words") previously used in
HRI studies [13, 18, 19]. The goal of the game is to describe a given
word without using it so that a guesser can guess the word. As in
prior work, we also use a robot as the guesser — the guesser robot.
We further use a facilitator robot whose task will be detailed below.

We structured the game into rounds with two distinct phases to
accommodate groups of three to four people. As shown in Fig. 2,
participants first enter the discussion phase after the word is given
on the tablet. Participants discuss and decide on the description
together. In the description phase, participants describe the word to
the guesser robot, which attempts to guess. Players receive a new
word either after a correct guess or two incorrect guesses.
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During the discussion, the facilitator robot guides the group
through the gameplay, demonstrates active listening and encour-
ages discussion and participation verbally and through gaze as
detailed in Sec. 3.1. The guesser robot closes its eyes and lifts its
arms during the discussion to indicate that it is not seeing or hearing
the word. This behavior serves to give the impression of a genuine
attempt to guess after the participants’ description. To wake the
guesser robot, participants press a centrally located button.

We selected target words from the highest difficulty category of
the original pocket version of the game for the study to ensure the
target words would warrant discussion, for example, “Suspension
Bridge” or “Passionfruit”. We prepared different sets of words to
ensure that participants would not play the same words again.

Guess Generation. We fixed the rounds in which the robot would
guess correctly due to the strong emotions that especially correct
guesses elicited to ensure a comparable experience across groups!.

Robot Platforms. We used Furhat [1] as the facilitator robot and
Misty [77] as the guesser?. To improve accessibility [6] and bet-
ter support mild hearing impairments, Furhat used a low-pitched
Swedish male voice (“Erik”, Acapela Group), and Misty’s fixed fe-
male Swedish voice was adjusted to a low pitch (0.75). Furhat used
the facial appearance “Titan” due to its robotic appearance.

3.1 Behaviors of the Facilitator Robot

The facilitator robot functioned as guide and discussion supporter.
We developed supporting behaviors inspired by prior work that
showed that robot gaze behavior can influence turn-taking [52, 75]
and encourage participation [18]. The robot performed reactive
gaze to demonstrate active listening, i.e., by turning to the speaker,
and proactive gaze to encourage participation in the discussion.
When the group was silent for at least 1s, the facilitator robot
proactively gazed at the participant with the lowest speaking share
in the current discussion phase. For all gaze, we set the minimum
gaze length to 1s to avoid rapid and irritating robot movements.

We included verbal supporting utterances to encourage think-
aloud and the sharing of personal experience, known to deepen
interpersonal connections [64]. These were built according to a
fixed structure: A brief statement about the given word, name of
targeted participant, a question/ encouragement to think aloud,
or instruction to share a memory (e.gI noted that passionfruit is
sweet and sour. Anders, have you ever used passionfruit to make
a dessert? Please share a memory that can help us to find a good
description for the word.”). We pregenerated twenty such utterances
using ChatGPT-4o (prompt in supplementary materials B) following
criteria that (a) it should be suitable for older adults, (b) encourage
memory sharing or think aloud, and (c) start with a detail from
the robot’s perspective. Per game word, we selected eight for each
think aloud and sharing based on their fit to the rules.

3.1.1 Intervention Strategies. We define an intervention by the fa-
cilitator robot as the collection of multimodal supporting behaviors

!For example, we fixed the robot to guess the first word on the second attempt, the
second word on the first attempt, and to fail on the third word. In successful rounds,
the guesser robot was given the correct word. In failed rounds, a desktop-hosted
LLM (DeepSeek-V2 [14]) selected the best alternative from list based on participant’s
description. This list was generated by ChatGPT-40 and filtered for errors.

2We decided for Furhat and Misty during pilot studies which showed that older adults
had problems understanding/hearing other robot platforms, e.g., the Nao robot
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toward one target person within a discussion phase. Given the pos-
sible combinations of gaze and verbal support, participants could
experience the following three interventions: (a) Gaze only. The
facilitator robot proactively gazed at the target at least once. (b)
Verbal only The facilitator robot provided verbal support to the
target at least once. (c) Gaze + Verbal The robot proactively gazed
at the target and provided verbal support at least once.

Outside of this behavior, the facilitator robot gazed at speaking
participants. It could deliver interventions to multiple participants
in one discussion phase. For example, it could gaze proactively at
one participants and verbally support another.

3.1.2  Guiding the Interaction. The facilitator robot also guided par-
ticipants through the game. We added guiding behavior in response
to difficulties encountered in pilot experiments. After a guess, the
facilitator robot made a transition statement. It repeated the guessed
words and commented positively on the group interaction. For ex-
ample, after a wrong guess, the facilitator could say: “That was
really tough. It said [guessed word], but that was wrong. Everyone
fails sometimes. Let’s get back to the discussion and think about
what information we could add!". After a correct guess, it might say:
“Correct. It said [guessed word], I really liked how we supported
each other and found good hints together” Transition utterances
were randomly sampled from a pregenerated list of utterances. In
addition, the facilitator robot would remind participants after 2.5
minutes of discussion to move to the description phase to avoid
participants getting stuck on one particular word.

3.2 Autonomy and the Role of the Wizard

We developed a semi-autonomous system in which both the reac-
tive and proactive gaze behaviors of the facilitator robot, as well
as the behaviors of the guesser robot, were fully autonomous. In
addition, the guiding behaviors of the facilitator were triggered
autonomously after the guesser robot had guessed a word.

A wizard took control over the verbal supporting utterances
described in Sec. 3.1. The wizard selected the target of the facilitator
robot’s verbal support and the most relevant utterance among a
random selection of five from the pregenerated list. The wizard
was instructed to select a participant who was not very active and
could benefit from verbal support, to support each participant at
least once, and to avoid addressing the same participant twice in a
row. After selection, the facilitator robot waited for a pause in the
discussion of at least 0.5 s to intervene. If there was no pause before
moving to the description phase, the utterance was dropped.

4 Method

In this section, we detail the experimental procedure and our par-
ticipant pool and provide an overview of the measurements and
analysis methods used.

4.1 Experiment Design

We designed the experiment to investigate how different robots and
behaviors would affect groups of older adults in real-world settings
over repeated interactions.

4.1.1  Recruitment. We recruited local community centers through
a newsletter and discussed study details with the management.
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The management emailed out information or recruited participants
directly. An information meeting for interested participants was
held at three of four participating centers. Most participants signed
up during these meetings, the rest by phone or email after.

4.1.2  Participants. 34 participants (25F, 9M) were recruited from
the 4 local community centers®. Participants were aged 65+ years,
with two being 65-69, ten being 70-74, seven being 75-79, nine
being 80-84, four being 85-89 and two being 90+. Groups were
assigned by staff in three centers, with participants randomly as-
signed by researchers in the fourth. All participants were invited to
take part in three trials. In total, we ran 25 sessions with three (9 ses-
sions) to four (16 sessions) participants. All participants completed
one session, 31 participants completed two, and 26 participants
completed three. People dropped out because of scheduling con-
flicts or personal preference. Those taking part in the same session
may have participated in a different numbers of session before. Par-
ticipants never played the same word twice. There were 2 - 21 days
(M =8.96,SD = 4.66) between sessions for individual participants.

4.1.3  Procedure. Participants were informed about the study and
the data collected during the information meeting. Prior to the first
trial, they provided written consent and demographic information.
Before each trial, participants filled a pre-experiment questionnaire.

Chairs were set up so that all participants could see both robots
and reach the button (Fig. 1). The experimenter explained the game
and the roles of each robot and fitted each participant with an indi-
vidual close-talk mic. Participants were informed that the experi-
menter would be in the room to help in case of technical problems
but sit in the back. The robots introduced themselves and repeated
the instructions. Participants then played for a minimum of 20 min-
utes, after which the facilitator robot announced the end of the
game. The experimenter invited the participants to spread out in the
available space away from the robots for more privacy for the post-
experiment questionnaire which had questions about perceived
social connectedness with other participants during the interaction
[46], and general perception of social connectedness[42]. We also
asked about participants’ familiarity with other participants [82]
and their relation to the community center. Participants received
a gift card valued approx. 10.5$ (100 SEK) as a thank you after
each trial. The study was approved by the Swedish Ethical Review
Authority (ID: 2025-01783-01).

4.2 Analysis

4.2.1 Quantitative Analysis. We collected subjective and objective
measures from each session.

Subjective measures. Participants filled questionnaires before and
after each trial. Demographic information (age, gender identity,
previous experience with robots) was collected before the first trial.
The following will detail the remaining subjective measures.
Social Connectedness Measured prior to every first trial and also
in the post-experiment questionnaire using the Social Connect-
edness scale [42] to explore if the deployed robot system could
improve social connectedness over repeated trials.

3Public institutions for older adults (65+). Two (24p) open to older adults living in
the neighborhood and a connected elderly home. The two other centers (10p) are
exclusively for those living in the connected elderly home.

Sarah Gillet, Yujing Zhang, Donald McMillan, Nicole Salomons, and lolanda Leite

Social connection in interaction Measured in the post-experiment
questionnaire using the UBC State Social Connection Scale [46]

to understand how connected participants felt during the interac-
tion. The goal was to explore whether repeated trials could help

participants feel connected during the interaction.

Familiarity among participants Measured every time partici-
pants met in a new group using self-reported familiarity [82] by ask-
ing participants to rank other participants between Strangers and

Best Friends on a seven-point scale. Further, we asked participants

how often they met other participants outside of the community

center (five-point scale from never to very often). We normalized

scores to a [0,1] range and average over the two questions.

Two native speaker of Swedish with high proficiency in Eng-
lish translated questionnaires from English to Swedish and from
Swedish to English. Differences between the English original and
the translations from Swedish were discussed among the two na-
tive speakers and one researcher to decide on the questionnaire
translations which we provide in the supplemental material A.

Objective measures We used automatically extracted speech activ-
ity through Voice Activity Detection (VAD) from individual close-
talk microphones to extract the utterances of individual participants
during the discussion. For each discussion phase ph within a game
and participant p, we collected time t of behaviors for intervention
int as intf,h : {1, ...t, } where n denotes the total number of gaze or
verbal supporting behaviors toward p in discussion phase ph. To
collect and compare data before and after an intervention, we calcu-
lated the time of the intervention as the time of the last supporting

behavior L ph = max(intf,h). By using the time of the last behavior,
P

we ensure that the measurements after robot intervention are not
further influenced by robot behavior.

The overall time participants speak is dependent on the group
and the word being discussed. Therefore, we focus on relative
speech share per participant p;, relative to other participants, with
spj.hare’w =sp}’/ Licp sp;’, Where w is the time window of interest.
Time of measurement: before intervention. We measure speech
share before intervention as the share of speech that the target

Jj of the intervention had from the start of the phase until the

. . share, . .
intervention: sp} """ where whefore describes the window of

time from the start of the phase to £ ph.
P

Time of measurement: after intervention. We measure speech
share after intervention as the share of speech that the target j of the
intervention had directly after the intervention until the end of the
discussion phase: sps.hare’w“ﬁer where wyger describes the window of
time from t. phto the end of the phase.

Difference in speech share. We measure the change in speech
share by calculating spj.hare’ Vafter _ spj.hare’ Vhefore
Note that we extract data separately for individual targets even

if parallel interventions occur within one discussion phase.

4.2.2  Qualitative Analysis. Qualitative analysis was used to gain
deeper insight into the human-human interactions that occur based
on the robots and their behaviors. We observed patterns of general
behaviors toward the robots. We review the moments of interaction
in which the facilitator robot spoke or participants interacted with
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Figure 3: Boxplots of the Social Connectedness Scale (left, | low
values indicate high connectedness) and Social Connection in In-
teraction Scale (right) across different trials.

the guesser robot either through pressing the button or talking
about/to it after the guess.

We used video coding to extract three frequently appearing pat-
terns we observed during initial data review. Laughter coinciding
with when facilitator robot spoke. Participants talking over the
facilitator robot, or stopping their own speech and waiting for
the facilitator robot. Lastly, we noticed that the pressing of the
button was not consistent with who spoke in the description phase.
Four annotators used ELAN (v7.0) [57] to code for the following:
Laughter. The annotator marked if laughter occurred while the
facilitator robot spoke or during an answer to the robot’s questions.
Overtalk. The annotator marked the moments in which partici-
pants talked at the same time as the facilitator robot.

Stop talking and wait. The annotator marked when participants
stopped talking and waited for the facilitator robot to finish.
Pressing button and giving description. The annotator noted
who pressed the button and who was describing the word.

Moments of facilitator speech and button press as well as speak-
ing activity during the description were automatically extracted
from the game logs and used to support video coding. The fre-
quency of each code was counted and used to provide descriptive
statistics (e.g., counts, percentages).

Through Ethnomethodological Conversation Analysis (EMCA), we
examined the practices of interacting with the robots. EMCA com-
bines ethnography and video analysis with a focus on understand-
ings of activities, cultures, and practice through video recordings
[15, 48, 76]. One strength lies in uncovering taken-for-granted un-
derstandings embedded in the activity and the context [4, 32, 45, 51].

We present transcripts in a simplified Jeffersonian style [37],
with overlapping speech enclosed in [square brackets], elon-
gated vowels with co:1o:ns, pauses with (.), aligned screenshots
with *n and actions described in italics. All transcripts were trans-
lated. The interested reader can find original transcripts in the
supplementary material C.

5 Results

From the 25 sessions, we excluded 4 sessions due to errors either
in the recording of the data or the behavior of the robot. In the
remaining 21 sessions, we had 9 groups of three and 12 groups of
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Figure 4: Boxplot of speech share before and after the facilitator
robot’s intervention, depending on intervention strategy.

four. We analyzed data from 22 participants in the first trial, 29 par-
ticipants in the second trial and 24 participants in the third repeated
trial. On average, groups played 10.1 discussion rounds (SD=2.47
rounds) and 6.2 different words (SD=1.16 words) in 22 minutes
(SD=2.22 minutes). Participants reported an average familiarity of
0.61 (SD=0.31).

5.1 Quantitative Analysis

Our goal for this exploratory quantitative analysis is to examine
the effect of the three variants of robot interventions on the verbal
participation of participants, i.e., participants’ speech share.

5.1.1 Social Connectedness and Social Connection. We fitted a lin-
ear mixed-effects model to examine the effect of trial number for
each Social Connectedness and Social Connection in Interaction with
random intercept for participant, group and center. We did not
find any significant main effects. Results are visualized in Fig. 3.
We note that participants were well socially connected before our
intervention (M = 1.155, SD = 0.33 before first trial (Pre-1), Value
= 1 implies highest social connectedness, )

5.1.2  Speaking Share and Robot Behavior. We analyze the speech
share before and after as follows. First, we analyze the effect of
intervention strategy on the repeated measure of speech share. Sec-
ond, we examine the effects on change in speaking share and lastly
explore the speech share with regard to an equal share baseline.
We fitted a linear mixed-effects model to examine the effects
of intervention strategy, time of measurement, trial number and
the interaction between intervention strategy and time of measure-
ment, controlling for round number. We included random inter-
cepts for participant, group, activity center, and the discussed target
word. The analysis revealed significant main effects of intervention
strategy, F(2,383.12) = 15.18,p < .001, and time of measurement,
F(1,345.02) =32.02, p < .001, while trial number, round number,
and the interaction between intervention strategy and time were
nonsignificant (all ps > .79). Post hoc Tukey-adjusted comparisons
indicated that the Gaze+Verbal interventions were accompanied
with higher speech share than the Gaze only intervention, b = 0.09,
SE = 0.02, £(369) = 3.90, p < .001, d = 0.53, 95% CI [—1.33,2.39],
and that speech share in the Gaze only intervention was lower than
the Verbal only intervention, b = —0.12, SE = 0.03, ¢(370) = —4.26,
p <.001,d =-0.75, 95% CI[-3.14, 1.65]. No significant difference
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Table 1: Means and Standard Deviations of Speech Share by Inter-
vention Strategies and Time of Measurement.
Intervention Strategy Time M  SD n

Gaze+Verbal Before 0.20 0.13 40
After 0.31 0.24 40
Gaze only Before 0.10 0.13 132
After 0.23 0.21 132
Verbal only Before 0.22 0.13 26

After 0.33 0.24 26

emerged between Gaze+Verbal and Verbal only (p = .56). Addition-
ally, speech share was significantly higher after the intervention
(M =0.26, SD = 0.23) compared to before (M = 0.14, SD = 0.14)
across intervention strategies, b = 0.12, SE = 0.02, £(335) = 5.66,
p < .001,d = 0.71, 95% CI [-0.17,1.59]. Tab. 1 and Fig. 4 pro-
vides an overview of means and standard deviation before and after
interventions.

To further understand the potential differences in effects be-
tween intervention strategies, we wanted to further ensure that
differences in the before-intervention speech share did not influ-
ence the results. We fit a linear mixed-effects model to examine
the effect of intervention strategy on the change in speech from
before to after the intervention. We kept the random intercept
from the above model. The analysis revealed no significant effect
of intervention strategy, F(2, 187.37) = 0.38,p = .685.

In a group interaction, we assume perfect participation balance
if all participants share speech equally, i.e., each participant speaks
33 % in groups of three and 25 % in groups of four. To evaluate
if the interventions would lead to equal speech share, we ran a
paired t-test to compare before and after the intervention speech
share to the equal share baseline. We also added the speech share
of participants who did not receive an intervention for comparison.
In this case, we used speech share over the whole phase.

Participants who were not the target of an intervention shared
significantly more speech share (M = .33) than expected equal
speech share (M = .27), t(192) = 4.61, p < .001. In contrast, par-
ticipants who received a Verbal only (M = .22 vs. baseline=.28),
t(25) = —2.50, p = .019, Gaze+Verbal (M = .20 vs. baseline=.29),
t(39) = —4.11, p < .001, or Gaze only (M = .10 vs. baseline=.28),
£(131) = —17.26, p < .001, intervention shared significantly less
than equal share before the intervention.

After the intervention, participants who received a Gaze only in-
tervention shared still less than equal speech (M = .23 vs baseline=.28),
t(131) = —2.78, p = .006. No significant differences from equal
speech were observed for Verbal only or Gaze+Verbal (ps > .31).

5.2 Qualitative Analysis

5.2.1 Robot Verbal Behaviors and Reactions. In the 21 sessions, the
facilitator robot provided 209 guiding (M per session = 10, SD=2.29)
and 116 supporting behaviors (M=5.52, SD=1.94).

Laughter. We recorded laughter as reaction to a robot’s verbal
behavior 91 times (total 325). On average, 47.03 % (SD=16.25 %) of
the verbal supporting behaviors and 18.39 % (SD=15.37 %) of the
guiding behaviors coincided with laughter.
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Overtalk. Groups overtalked parts of the facilitator robot’s guiding
utterances on average 21 % (SD=15.34 %) and parts of the verbal
supporting utterances 5.75 % (SD=10.79 %).

Stopped Conversation. Participants stopped their conversation
on average for 19.15 % (SD=14.86 %) of the guiding utterances and
37.20 % (SD=25.45 %) of the verbal supporting utterances.

5.2.2 EMCA. In this paper, the clips for analysis were informed by
triangulation, employing the results of the video coding to pinpoint
repeated and exceptional interactions. The first section, Under-
standing Laughter, draws on a corpus of identified laugher points
within the video data adjacent to Furhat utterances. The second,
Wrangling the Robot, focuses on points in the video data where the
interaction with the Misty robot was initiated.

Understanding Laughter. In Fig. 5, we can see an example of the
participation management carried out by the Furhat. Each time the
same pattern was followed to attempt to reconfigure the participa-
tion framework [23].

These interjections were selected by the wizard but the Furhat
waited until a pause in the conversation before speaking. The result
was that Furhat’s verbal behavior often entered the ongoing talk as
disjunctive junctures [71] that abruptly changed the topic of conver-
sation. When this happened, as can be seen in the example above,
responses were brief or perfunctory. Longer or deeper engagement
with the Furhat’s questions would result in a context and topic shift
in the conversation. By keeping their answers brief, participants
displayed their orientation towards the progressivity of their own
conversation as priority [80]. The brief answer is framed more for
the benefit of the other participants, than to answer the robot’s
question. They used this to show accountability for the disruption
attributed to them by name, while simultaneously downgrading
the robot’s status in the group. This pattern of dealing with inter-
ruptions can also be seen in the way adults handle interruptions
from children [25] or even animals [58] where interjections are
acknowledged but only minimally attended to.

The laughter at these points is more than an involuntary re-
sponse to the funny robot. First, laughter was seen to be invited at
two distinct points in the interaction. One being when the robot
named the recipient, and the other when the recipient presented
their answer. The first moment in which the robot sparked laughter
can be seen as a social mitigation of the robot’s awkward timing [38].
The recipient of the Furhat’s verbal utterance needs to account for
the robot entering the conversation out of sequence without a
proper Transition Relevant Place (TRP) [69]. A breakdown in the
progressivity occurs and the laughter serves as a way to soften
this breakdown. At this point, the laughter also works to signal
affiliation with the other participants instead of the robot [22]. The
second laughter in the example occurs after the recipient provides
a short or perfunctory response to the robot which could also be
seen as a signal of affiliation. Participant C provides a dismissive
response, just the word ‘pear’ elongated in a singsong tone, cuing
the laughter. At this point the laughter is also part of structuring
the turn-taking and serves as a topic closure signal [33] — everyone
laughs marking the response as sufficient and providing a collective
TRP to move back to the group’s ongoing conversation.

Wrangling the Robot. With the two robots in this trial setup there
were two different ways to interact with them, the facilitator robot
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: Yes, and it doesn’t have to be shortcrust pastry, it can be any apple pie you like
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| A

F:[I ] have read that shortcrust pastry is often served with custard or ice cream.
F: C***, do you have a favourite thing to eat with shortcrust pastry?
[A, B, D turn to C - A, and B laugh lightly]

F: That could be a great tip.
C: pe::ar::
[All laugh]

Figure 5: Laughter in Two Places. Images shown with consent.

=

C: If you will press it *1
B: Press, I don’t want to go *2

A: Go..o[ooo] *3

D: [Should] I pres[ss and *4 you answer]

A [Go, you Go] yeah

A: (leans forward to press the button) *1

C: (Gestures, pointing towards the button) *2/3
C: You do it

Figure 6: Two examples of negotiations around button press. Images
shown with consent.

Furhat - controlled by the wizard - asked questions and guided
through the interaction. Here we take a closer look at interactions
with the guesser robot Misty, which ‘slept’ during most of the trial
only to be woken and interacted with by pressing a button.

Participation and interaction with the robots was carefully man-
aged through ‘robot wranglers.! Who pressed the button and talked
to Misty was often not the same person, and as we see in these
examples, it was negotiated in different ways within the group.
Performing either of these actions didn’t necessarily mean that a
participant was taking on the ‘wrangler’ role at that time.

In Fig. 6 top, we see a negotiation around who should tell Misty
the results of their discussions. Here A, C, and D are able to orient
towards the button that will wake the robot. C gestures towards
the button, bringing the action of waking the robot and presenting
the guess as the topic of discussion, and verbally suggests that A
do so. D gestures as well, pushing the button towards participant
A, suggesting that they have shared ownership of the guess and
that they be the one to speak to the robot. A waves away the offer,
and D waves towards A, then hovers his hand over the button to
convey that he will press the button and that A can talk to Misty -
which is how the interaction proceeds. This sequence highlights
how the material affordance of the button allowed participants to
coordinate through embodied and laminated actions [24, 49]. Unlike
Furhat, Misty was not continuously ratified as a participant, but was

only conditionally made relevant through the summons—-answer
sequence of pressing the button [70]. The button served as a tangible
shared object through which participation was managed, producing
a more multimodal and distributed negotiation than in the purely
verbal case. It also shows that even when the actions detected as
being distributed among the groups, the role of the wrangler may
not be. D initiated the negotiation around who should perform the
actions, and frames the participation as the ratified speaker selector
[23], managing the sequentiality of when and how the robot will
be interacted with within the larger frame of the task [80]. This
other-selection [43] re-asserts their role as the wrangler even if,
programmatically, it may appear otherwise.

In Fig. 6 bottom, we see this in another form, here C was acting
as the wrangler earlier in the task, yet at this point A bypasses
C in performing the ratification of speaker selection towards B
and pressing the button themselves. As the button press action
becomes apparent, C gestures towards A, performing what might
be seen as redundant other-selection which re-asserts their role as
the one managing who should interact with the robot and when.
This shows that the role of wrangler is not observable in single
actions, but maintained interactionally through sequential position-
ing, embodied displays and ratification practices.

6 Discussion

This work explored how robots can support interactions among
groups of older adults. We adapted a robot-supported word-guessing
game to allow for discussion and interaction and developed the
facilitator robot’s behavior with the goal that every group member
could take part in the activity.

Our mixed-method analysis shows that the robots and their
behaviors can encourage participation through active interventions
(Verbal only, Gaze only and Verbal+Gaze) and the need to “wrangle”
the guesser robot. Our quantitative analysis can thereby confirm the
effectiveness of the facilitator robot’s behaviors with an increase in
speech share by on average 12% from before to after the intervention
with no difference between intervention strategies. Our qualitative
analysis reveals the patterns of negotiation and encouragement
that emerge around pressing the button and giving the description
to the guesser robot, i.e., “wrangling” the guesser robot.

Gaze Behaviors. We designed the facilitator robot’s supportive
gaze to support the participant with the least speech share. Ver-
bal supportive behaviors, on the contrary, were distributed more
broadly among all participants. Still, we found that the increase
in speech share did not differ between gaze and verbal behaviors



HRI "26, March 16-19, 2026, Edinburgh, Scotland, UK

despite the different target selection criteria. Interestingly, Gaze
only interventions were twice (n=132) as likely as interventions
with verbal support (n=40+26). Prior work has shown that gaze
behaviors can be subtle in influencing the dynamics when human
dyads interact with robots in lab [18, 52] or realistic settings [75].
Our results extend these prior works by showing that gaze behav-
iors are also effective in groups larger than dyads, in combination
with supporting verbal behavior, and over repeated trials.

Verbal Support Behaviors and Laughter. We found that partic-
ipants’ speech share was not different from equal share after a
verbal supporting behavior. Verbal utterances always ended with a
question toward a named participant. Therefore, an increase in par-
ticipation after the facilitator robot’s question might be expected.

Participants, however, did not always react as expected to verbal
robot behaviors. We found that participants partially overtalked
21% of guiding utterances and that supporting robot utterances led
to laughter about half of the time. While not every laughter was
observed as a shared laughter, shared laughter occurred in particu-
lar when the target of the intervention created a funny moment,
as observable in Fig. 5 for the second laugh. These results sug-
gest that verbal robot interventions can balance participation and
invite shared laughter which may aid cognitive-emotional coordina-
tion [53], help maintain social ties [73], and foster cooperation [16].
Nevertheless, our EMCA analysis illustrates that the use of laughter
in conversation is more complex than it first appears. The use of
laughter as a topic-closing device, as mitigation for awkward inter-
actions, or as a way to signal social affiliations that downgrade the
robot interlocutor goes beyond laughter as a signal of enjoyment
or the generation of empathy with a system (e.g., [5, 59]).

Overall, the facilitator robot’s verbal behavior elicits a mixed
picture where interventions are effective, but participants regularly
talk over the robot and laugh at its expense. We conclude that
verbal participation in group interaction is still challenging for
robots and can lead to conversational breakdowns with unexpected
outcomes. Yet some of these outcomes, such as shared downgrade
of the robot to the other, might have a positive effect on group
cohesion and identity [83]. When we are building interactions to
support the overall human-human connection, the effectiveness of
interventions, sometimes at the expense of the robot, could provide
an interesting opportunity for future work [87].

Using Control. There has been a large body of work, as noted
above, on the use of (social) robots to improve and better distribute
discussion and collaboration among groups. Yet in close exami-
nation of the interactions with and around the Misty robot (see
Sec. 5.2.2), we can see that this improvement is not only built by
the actions of the robot — but through the resulting interpersonal
negotiations that arise due to interactions with the robot. As such,
while measuring the amount and timing of speech to the robot has
shown an increase in participation, the way in which this partici-
pation is managed through defacto-wranglers allows us to look at
participation through a different lens. It is important to understand
and design for the role of wrangler, as intermediary between the
group and the robot and something that will be negotiated — in a
similar way as a temporary intermediary may be negotiated within
a group to interact with an other yet without the robot participating
in, responding to, or even pushing back and changing the results
of this negotiation as a human would [50, 79]. This not only points
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to a requirement for different metrics to understand impacts of
group-level interactions with agents, but to interactional levers
that, through careful manipulation, hold the potential to perform
values-based changes to group dynamics and participation [87].
This study focused on older adults, a population typically affected
by declining abilities and reduced opportunities for social partic-
ipation [35, 55]. The game and experimental setup were adapted
to these challenges, for example by using low-pitched robot voices.
Small group activities, such as playing cards or other games, are
also a common for older adults at the local community centers
we visited. Therefore, our study can provide insight into a robot’s
effects in ecologically valid real-world settings. Future work should
explore further if our findings can extend to other age groups.

Limitations. Our study was accompanied by technical problems
that stem from the regular transport of the setup from and to com-
munity centers. As reported, we excluded groups in which technical
limitations strongly impacted robot behavior. Other technical issues,
like a breakdown of the button or problems with the microphones,
occurred evenly through sessions and do not compromise our re-
sults. Further, participants’ scheduling constraints did not allow for
all groups to experience repeated interactions, so that roughly half
of the participants met different others during each trial. In addi-
tion, our results indicate that our participants were well socially
connected before our experiments. Therefore, future work should
further investigate whether robots can impact social connectedness
over repeated trials. This study was explorative in its design and
analysis. Whereas our results indicate strong effects of the robots
on the group dynamics and the individual chance to participate
over repeated interactions, future work should include controlled
studies to further confirm our results.

7 Conclusion

This work provides an exploratory study that investigates how
robots can act as effective facilitators in groups of older adult across
repeated interactions while creating opportunities for meaningful
social interaction in a real-world settings. Thirty-four participants
played a word-guessing game in groups of three or four facilitated
by two robots in their local community center. The facilitator robot
used gaze and verbal support to facilitate the interactions and a
guesser robot created opportunities for negotiation around who has
the right to ‘wrangle’ the robot. Our results show that both gaze
and verbal supporting robot behaviors can increase participation
consistently over repeated interactions. Further, verbal support
not only promoted contributions but also elicited social bonding
behaviors, such as shared laughter. Our mixed-method analysis
further highlights how laughter might have additional functions
such as laughter at the robots expense which creates interesting
avenues for future work.
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