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Abstract

This study investigates whether proactive robot in-
terventions undermine autonomy compared to re-
active interventions during collaborative ideation
tasks. A Pepper robot was implemented as a
conversational agent capable of generating spoken
solution suggestions using a locally hosted large
language model, speech recognition, and text-to-
speech functionality. The study used a between-
subjects design with two conditions: a proactive
condition, in which the robot autonomously inter-
venes based on conversational cues such as silence
or signs of struggle, and a reactive condition, in
which it only responds when explicitly addressed.
Participants completed a collaborative task focused
on improving campus life, after which perceived
autonomy was measured using an adapted auton-
omy subscale of the Basic Psychological Need Sat-
isfaction and Frustration Scale. Behavioral data,
including robot intervention frequency, timing, and
number of ideas generated, were also collected. Re-
sults showed no statistically significant differences
between conditions, suggesting that proactive inter-
ventions do not substantially reduce participants’
sense of autonomy. Groups in the proactive con-
dition generated an average of 7.70 ideas compared
to 5.80 in the reactive condition, but this difference
was not significant (p = .067). These findings
suggest that unsolicited robot participation may not
inherently undermine perceived autonomy in short
brainstorming tasks, while highlighting the impor-
tance of intervention design.

1 Introduction

Creative group ideation is widely used in education, design,
and innovation to generate ideas and explore possible solu-
tions (Osborn, 1953). In these settings, participants collabo-
rate to explore a problem space and develop potential solu-
tions. Successful ideation requires not only idea generation,
but also that participants feel ownership over both the pro-
cess and the outcomes of their work (Ryan and Deci, 2000).
Research in creativity and motivation has consistently shown
that autonomy, self-direction, and intrinsic motivation play an
important role in supporting creative engagement and perfor-
mance (Deci and Ryan, 2000).

Recent developments in Human-Robot Interaction (HRI)
have made social robots increasingly capable of supporting
collaborative activities, including brainstorming and group
discussions (Geerts et al., 2021). Conversational systems
powered by speech recognition and large language models
(LLMs) now allow robots to generate contextually relevant
suggestions in real time, making them capable of actively
shaping the ideation process (Addlesee et al., 2024). These
systems move beyond passive support roles and toward ac-
tive participation in idea generation.

Figure 1: Experimental setup for the 15-minute brainstorming
task. Two participants sit in a face-to-face configuration with
the Pepper robot positioned centrally.

This shift introduces an important design tension. When
a robot contributes ideas proactively, it may help groups
overcome creative blocks and maintain momentum (Osborn,
1953; Nijstad and Stroebe, 2006). However, it may also in-
fluence the direction of the discussion and potentially reduce
participants’ sense of ownership over the ideas being gener-
ated (Amabile, 1996; Mueller et al., 2012). Proactive robots
initiate actions without being explicitly prompted and can
provide suggestions or solutions based on their assessment
of the situation (Buyukgoz et al., 2022). While such behav-
ior may improve efficiency and keep discussions moving, it
may also shift control away from participants and reduce their
perceived autonomy. In collaborative ideation, autonomy is
particularly important because it supports intrinsic motivation
and encourages individuals to explore and develop their own
ideas (Deci and Ryan, 2000). Recent HRI research has in-
creasingly highlighted the importance of balancing robot ini-
tiative with human control, as users often respond negatively
when robots appear overly directive or reduce opportunities
for human agency (Hinds et al., 2004).

To investigate this issue, this study compares two robot in-
tervention strategies during creative group ideation sessions
using the robot Pepper, a humanoid social robot developed by
SoftBank Robotics (Pandey and Gelin, 2018). In the reactive
condition, the robot only responds when participants explic-
itly address it. In the proactive condition, the robot can also
intervene autonomously based on conversational cues such as
prolonged silence or expressions of difficulty. The study fol-
lows a between-subjects design with 40 participants working
in groups of 2 on the topic of improving campus life. Af-
ter each session, participants complete a questionnaire based
on the Basic Psychological Need Satisfaction and Frustration
Scale (BPNSFS) (Chen et al., 2015) adapted to the context of
human-robot collaboration.

The main research question guiding this work is:
Does a proactively intervening robot that provides
direct solutions reduce participants’ perceived au-
tonomy compared to a robot that only responds
when directly addressed?

In addition, this work examines the following sub-
questions:



• SQ1: How does the robot’s intervention strategy af-
fect how frequently participants actively engage with the
robot during creative group ideation?

• SQ2: How does the robot’s intervention strategy influ-
ence when participants choose to interact with the robot
during the ideation process?

• SQ3: What is the relationship between the number of
robot interventions and participants’ perceived auton-
omy?

• SQ4: How does the robot’s intervention strategy affect
the number of creative ideas generated by the group?

This study found no statistically significant differences
in perceived autonomy between the proactive and reactive
conditions. Participants in the proactive condition reported
slightly lower autonomy satisfaction and slightly higher au-
tonomy frustration, but these differences were small and not
significant. Similarly, no significant differences were ob-
served in participant engagement with Pepper or in the timing
of interactions during the brainstorming process. Although
groups in the proactive condition generated more ideas on
average, this difference did not reach statistical significance.
Overall, these results suggest that proactive robot interven-
tions did not substantially affect perceived autonomy in short
collaborative ideation tasks.

The contributions of this work are twofold:
1. An empirical comparison of the effects of proactive and

reactive robot intervention strategies on participants’
perceived autonomy during collaborative ideation.

2. Insights into how proactive and reactive robot interven-
tions influence participant engagement and idea genera-
tion during collaborative ideation.

2 Related Work
2.1 Robots in group ideation and creative

collaboration
Research on group creativity has shown that brainstorming
groups do not always reach their creative potential (Paulus
and Nijstad, 2003). While collaboration can expose partici-
pants to diverse perspectives, group ideation is often hindered
by challenges such as production blocking, fixation on exist-
ing ideas, and difficulty sustaining idea generation over time
(Nijstad and Stroebe, 2006). As a result, groups may strug-
gle to maintain momentum, explore a broad solution space,
or move beyond their initial ideas.

To address these challenges, researchers have investigated
various forms of facilitation and creativity support. Prior
work suggests that external prompts, questions, and sugges-
tions can stimulate new directions of thinking and help groups
overcome creative blocks (Paulus and Nijstad, 2003). At the
same time, creativity research emphasizes that participants
should retain a sense of ownership over the ideation process,
as autonomy and self-directed exploration are important fac-
tors supporting creative engagement (Amabile, 1996).

Recent work in HRI has explored whether social robots
can provide this type of support during collaborative ideation.
Geerts et al. (2021) found that a robot facilitator increased

idea fluency compared to human facilitation, partly because
participants experienced less evaluation apprehension. Sim-
ilarly, Buchem et al. (2024) reported that embodied conver-
sational agents can encourage participation and create a more
engaging collaborative experience. These studies suggest that
robots can influence not only group interaction dynamics but
also the creative process itself.

However, existing research has primarily focused on cre-
ativity outcomes such as idea quantity, participation, or en-
gagement. Less attention has been given to how robot con-
tributions are experienced by participants, particularly when
robots actively shape the direction of discussion through un-
solicited interventions. Consequently, it remains unclear
whether robot support during ideation is experienced as help-
ful guidance or as interference with participants’ sense of
autonomy. Our work addresses this gap by examining how
proactive and reactive robot intervention strategies affect per-
ceived autonomy during collaborative ideation.

2.2 Turn-taking and intervention timing
A major challenge in conversational HRI is determining when
a robot should speak (Skantze, 2021). Human conversations
rely on subtle turn-taking mechanisms that allow speakers to
coordinate smoothly with minimal interruption (Sacks et al.,
1974). These mechanisms become more difficult in group
settings, where several people compete for conversational
turns.

Skantze (2021) provides a broad review of turn-taking in
conversational systems and HRI, showing that spoken inter-
action depends on verbal, prosodic, and non-verbal cues such
as pauses, gaze, and intonation. The review argues that turn-
taking remains one of the main open challenges in conversa-
tional agents.

Several studies have explored turn-taking specifically in
robots interacting with groups. Johansson and Skantze (2015)
proposed models for identifying opportunities for robots to
take turns in collaborative multi-party interaction. Their work
used multimodal signals, including speech activity and dia-
logue context, to determine appropriate moments for robot
intervention.

Similarly, Zarkowski (2019) examined turn-taking behav-
ior in repeated human-robot group interactions. Their results
showed that robots following human conversational norms
improved communication quality and were perceived as more
cooperative and natural by users.

More recent work has explored conversational robots pow-
ered by LLMs in open-ended group discussions. Abbo et al.
(2026) developed a multi-party conversational robot system
capable of managing speaker transitions and generating con-
textually relevant responses during open-ended discussion.
Their findings show that coordinating turn-taking remains
challenging even with modern language models, particularly
in dynamic group interactions.

While prior work studies how robots can identify good mo-
ments to speak, most research evaluates conversational flu-
ency, naturalness, engagement, or system performance. Less
is known about the psychological effects of intervention tim-
ing on users.



Our work differs by examining whether the robot’s in-
tervention strategy affects participants’ perceived autonomy
during collaborative ideation. Instead of optimizing turn-
taking performance, we compare proactive and reactive in-
tervention styles and study how these influence users’ sense
of control.

2.3 Autonomy and control
Autonomy is a central concept in psychology and human-
computer interaction. Deci et al. (1994) define autonomy
as the feeling that one’s actions are self-chosen and self-
endorsed. This concept becomes important in interactive sys-
tems where control can shift between the user and the system.

Horvitz (1999) examines mixed-initiative systems and
shows that system-initiated assistance can improve task ef-
ficiency, but also shifts control depending on when and how
interventions occur. Parasuraman et al. (2000) describe a sim-
ilar pattern in automation systems, showing that higher levels
of automation can transfer decision authority from humans
to systems, reducing user involvement in task execution. To-
gether, these works establish a general trade-off between sys-
tem initiative and user control.

In HRI, Hinds et al. (2004) examine authority dynamics in
collaborative human-robot tasks and show that more directive
robot behavior increases compliance while reducing users’
perceived influence over the interaction process. Dautenhahn
(2007) discusses social robots in collaborative settings and
emphasizes that maintaining human control is critical when
robots take on facilitation roles. Across these works, system
initiative affects both task performance and perceived user
control.

A similar pattern appears in creativity support systems.
Amabile (1996) shows that external input during idea gen-
eration can influence individuals’ sense of ownership over
creative outcomes, especially when suggestions become fre-
quent or directive. This suggests that system contributions
during ideation do not only affect performance, but also how
people perceive their role in the creative process.

Across these domains, system initiative is consistently
linked to changes in perceived control, agency, or ownership.
However, these effects are typically measured using different
constructs depending on the field, such as trust, compliance,
or task ownership, rather than a unified psychological defini-
tion of autonomy.

Our work builds on this line of research by focusing specif-
ically on autonomy as defined in Self-Determination Theory
(Deci et al., 1994). We examine how proactive versus reactive
robot interventions during collaborative ideation affect per-
ceived autonomy, using a group-based embodied interaction
setting where system initiative is expressed through conver-
sational timing.

3 Experimental Setup
3.1 Participants
A total of 40 participants took part in the study. Participants
were aged between 18 and 30 years. All participants were
English-speaking university students. Recruitment was con-
ducted through online announcements in computer science-

related student groups and through in-person recruitment on
campus.

Participants were excluded if they had prior experience
with the Pepper robot or prior involvement in this research
project, in order to reduce familiarity bias. No additional ex-
clusion criteria were applied.

Participants were randomly assigned to one of two experi-
mental conditions: a proactive robot condition (n = 20) or a
reactive robot condition (n = 20). Random assignment was
performed while ensuring balanced group sizes across condi-
tions.

Participants were organized into groups of two, resulting in
20 interaction groups in total. Each group participated in one
brainstorming session together.

No monetary compensation was provided. Participants
were informed that participation was voluntary.

3.2 Materials
The experiment was conducted using a Pepper social robot
(SoftBank Robotics, Pepper 2.5 hardware platform running
NAOqi 2.5 software). Pepper was used as a conversational
agent capable of speech production and interaction during
group ideation.

Speech recognition was handled using the Deepgram auto-
matic speech recognition service, specifically the base model
through the EU endpoint. Robot speech synthesis was per-
formed using Pepper’s ALTextToSpeech service. A locally
hosted large language model (Phi-3.5-mini-instruct, 3.8B pa-
rameters) running through LM Studio was used to generate
robot responses.

Microphone input was captured using separate external mi-
crophones for each participant to enable speaker diarization
and improve speech attribution during transcription.

The experiment was conducted in a quiet indoor room. Par-
ticipants were seated at a rectangular table in a face-to-face
configuration, with Pepper positioned so that it remained vis-
ible to both participants. The experimenter remained in the
room but did not participate in the interaction.

All interaction data were recorded as transcripts for later
analysis and no video recordings were used.

3.3 System Architecture
The conversational system consisted of interconnected mod-
ules responsible for speech recognition, intervention manage-
ment, response generation, and robot speech output.

Participant speech captured through the external micro-
phones was transcribed using Deepgram automatic speech
recognition. The transcribed text was processed by a Python
system responsible for determining whether Pepper should
respond according to the intervention strategy assigned to the
experimental condition.

When a response was required, conversational context was
sent to a locally hosted Phi-3.5-mini-instruct model through
LM Studio. The model generated spoken suggestions guided
by a fixed system prompt designed to position Pepper as a
solution-oriented brainstorming partner. Generated responses
were spoken through Pepper’s onboard speakers using the
ALTextToSpeech service.



Figure 2: Overview of the experimental procedure.

The system operated through a dual-module implementa-
tion using Python 3.14 for system coordination and Python
2.7 for compatibility with the Pepper SDK.

3.4 Procedure
Upon arrival, participants were briefed about the study and
asked to complete a consent form. Participants were informed
that they would take part in a collaborative brainstorming ac-
tivity involving a social robot (see Figure 1).

Participants were then seated and given written instructions
describing the brainstorming task. The task focused on gener-
ating ideas for improving campus life, including topics such
as student wellbeing, social interaction, services, events, and
safety. This topic was selected because it is familiar to the
student participants while remaining sufficiently open-ended
to allow for diverse creative solutions. Participants were in-
formed that there were no correct or incorrect answers and
that the goal was to generate as many meaningful and cre-
ative ideas as possible.

Participants were also instructed on how to interact with
Pepper. In both conditions, participants were informed that
Pepper could contribute to the brainstorming session by pro-
viding suggestions and that they could address the robot di-
rectly using the words “Pepper” or “Robot” to invite partici-
pation.

The instructions differed slightly between conditions. In
the proactive condition, participants were also informed that
Pepper might contribute autonomously during the discussion.
In the reactive condition, no autonomous robot behavior was
described.

Each brainstorming session lasted 15 minutes. Participants
freely discussed ideas while Pepper participated according to
the intervention strategy assigned to the experimental condi-
tion.

After the brainstorming session, participants completed a
post-task questionnaire individually on a digital device.

The session concluded with a short debriefing in which par-
ticipants were informed about the purpose of the study and
the difference between the experimental conditions (see Fig-
ure 2).

A pilot study with two participants (not included in the final
dataset) was conducted beforehand to test system stability,
speech recognition performance, and robot responsiveness.

3.5 Intervention Strategy
In the reactive condition, Pepper only responded when explic-
itly addressed by participants.

In the proactive condition, Pepper could respond both
when directly addressed and when triggered by predefined
behavioral signals.

Proactive interventions were triggered by five conditions:
(1) detection of 7 seconds of silence, (2) detection of direct
address (e.g., “Pepper” or “Robot”), (3) detection of prede-
fined struggle phrases (e.g., “I don’t know”, “we’re stuck”,
“this is hard”, “no ideas”, “we need help”), (4) prolonged
robot inactivity, where Pepper contributed after three min-
utes of not speaking once a natural pause in conversation oc-
curred and (5) reduced conversational novelty, operational-
ized as fewer than five new content words across the previous
four participant turns compared to the preceding eight turns,
without taking into account words of two characters or fewer
and common words (e.g., “the”, “and”, “we”, “you”).

3.6 Measures
Perceived Autonomy
Perceived autonomy was measured using an adapted version
of the BPNSFS. While the full BPNSFS framework con-
sists of 24 items distributed across three subscales, auton-
omy, competence, and relatedness, this study explicitly uti-
lized only the 8 items corresponding to the autonomy sub-
scale, as the remaining 16 items fell outside the scope of this
research. These 8 items were then modified to reflect the spe-
cific interaction context with the robot.

Participants rated eight statements on a 5-point Likert scale
(1 = Not true at all, 5 = Completely true). Items were divided
into autonomy satisfaction and autonomy frustration.

Autonomy satisfaction items included:

• During the interaction, I felt a sense of choice and free-
dom in the things I undertook.



• I felt that my decisions during the task reflected what I
really wanted.

• I felt my choices during the interaction expressed who I
really am.

• I felt I was doing what really interested me during the
interaction.

Autonomy frustration items included:
• Most of the things I did during the task felt like things ”I

had to” do.
• I felt forced to do things I wouldn’t have chosen to do.
• I felt pressured to do too many things during the task.
• The tasks I completed felt like a chain of obligations.
For analysis, autonomy satisfaction and autonomy frustra-

tion were treated as separate dependent variables.

Idea Generation
Group-level creative output was measured as the number of
unique ideas generated during the 15-minute brainstorming
session (SQ4). An idea was defined as a distinct sugges-
tion for improving campus life that introduced a new concept,
service, activity, or improvement. Repeated or reformulated
ideas were not counted.

Interaction Measures
System logs were used to measure:

• Number of robot utterances
• Number of participant-initiated interactions with Pepper

(SQ1)
• Timing of interactions during the session (SQ2)

3.7 Design and Analysis
The study used a between-subjects experimental design with
one independent variable: robot intervention strategy, with
two levels (proactive vs reactive).

Each group participated in one 15-minute brainstorming
session with a single assigned condition. The primary unit of
analysis for questionnaire data was the individual participant
(n = 40), while the unit of analysis for idea generation was
the group (n = 20).

The main dependent variables were: (1) autonomy satisfac-
tion, (2) autonomy frustration, (3) number of ideas generated,
and behavioral interaction metrics.

All analyses were conducted using Python-based statisti-
cal analysis tools. Data preprocessing and aggregation were
performed prior to statistical testing.

For perceived autonomy (satisfaction and frustration),
group differences between conditions were analyzed using
Mann–Whitney U tests due to non-normal distributions ob-
served in the data. Descriptive statistics (mean and standard
deviation) were computed for each condition.

For participant-initiated interaction frequency (SQ1),
group means were compared across conditions using an in-
dependent samples t-test.

For interaction timing (SQ2), descriptive statistics were
computed for participant-initiated interactions across three
predefined time windows: early (0–5 min), middle (5–10

min), and late (10-15 min). No inferential tests were applied
to temporal distributions; results were reported descriptively.

For the relationship between robot activity and perceived
autonomy (SQ3), Spearman rank correlation coefficients
were computed between total robot utterances per session and
autonomy satisfaction and frustration scores.

For creative output (SQ4), group-level differences in the
number of ideas generated were analyzed using an indepen-
dent samples t-test.

All statistical tests were two-tailed and evaluated at a sig-
nificance level of α = 0.05.

4 Results
4.1 Perceived Autonomy

Table 1: Descriptive statistics for the main dependent variables
by condition. Mean values are reported, with standard deviations
shown in parentheses.

Variable Proactive Reactive
Autonomy satisfaction 3.73 (0.78) 3.95 (0.74)
Autonomy frustration 2.03 (0.56) 1.83 (0.59)
Ideas generated 7.70 (2.58) 5.80 (1.62)
Times Pepper addressed 7.20 (4.02) 7.40 (2.76)
Robot utterances 10.60 (5.19) 7.40 (2.76)

Perceived autonomy was analyzed through two separate di-
mensions: autonomy satisfaction and autonomy frustration.
Questionnaire responses were aggregated into mean scores
per participant (Table 1).

Autonomy Satisfaction
Participants in the proactive condition reported slightly lower
autonomy satisfaction (M = 3.73, SD = 0.78) than par-
ticipants in the reactive condition (M = 3.95, SD = 0.74)
(Figure 3). Since normality assumptions were not fully met
across conditions, a Mann–Whitney U test was used. No sta-
tistically significant difference was observed between condi-
tions (U = 149.5, p = .169).

The pattern shows a small downward shift in perceived au-
tonomy when the robot intervened proactively, but the overlap
between conditions suggests that both interaction styles were
experienced in a broadly similar way in terms of perceived
choice and self-direction.

Autonomy Frustration
Participants in the proactive condition reported slightly higher
autonomy frustration (M = 2.03, SD = 0.56) than partici-
pants in the reactive condition (M = 1.83, SD = 0.59) (Fig-
ure 3). A Mann–Whitney U test found no statistically signif-
icant difference between conditions (U = 252.0, p = .156).

Overall, both conditions showed relatively low levels of
frustration, with only minor differences between them.

4.2 Frequency of Participant-Initiated Interaction
(SQ1)

To examine how often participants actively engaged with the
robot, participant-initiated interactions were measured as the
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Figure 3: Mean autonomy satisfaction and autonomy frustration
scores by condition. Error bars represent one standard deviation.

number of times Pepper was explicitly addressed during the
brainstorming session.

Groups in the proactive condition addressed Pepper an av-
erage of 7.20 times (SD = 4.02), while groups in the reactive
condition addressed Pepper an average of 7.40 times (SD =
2.76). An independent samples t-test indicated no statistically
significant difference between conditions, t(15.93) = −0.13,
p = .898.

This indicates that participants interacted with the robot at
a similar frequency regardless of whether the robot intervened
proactively or only responded when addressed. In both con-
ditions, participants consistently made use of the robot as a
conversational resource during ideation.

4.3 Timing of Interaction During Ideation (SQ2)

Table 2: Mean number of participant-initiated interactions with Pep-
per across brainstorming phases. Standard deviations are shown in
parentheses.

Phase Proactive Reactive
Early (0–5 min) 2.80 (1.69) 3.00 (1.25)
Middle (5–10 min) 2.00 (1.49) 2.20 (1.40)
Late (10–15 min) 2.40 (1.84) 2.20 (0.92)

To investigate when participants chose to engage with Pep-
per, participant-initiated interactions were grouped into early
(0–5 min), middle (5–10 min), and late (10–15 min) phases
of the brainstorming session (Table 2).

In the proactive condition, interactions were relatively bal-
anced across the session. The highest engagement occurred
in the early phase (M = 2.80, SD = 1.69), followed by the
late phase (M = 2.40, SD = 1.84), and the middle phase
(M = 2.00, SD = 1.49).

In the reactive condition, interaction levels were slightly
more stable across time. The early phase showed the highest
engagement (M = 3.00, SD = 1.25), while both the middle
and late phases remained the same (M = 2.20, SD = 1.40
and M = 2.20, SD = 0.92).

Overall, participants in both conditions interacted with the
robot throughout the ideation process, with only small differ-
ences in how engagement was distributed over time.

4.4 Robot Intervention Frequency and Autonomy
(SQ3)

To examine the relationship between robot intervention fre-
quency and perceived autonomy, Spearman rank correlations
were calculated between the total number of robot utterances
per session and participants’ autonomy scores.

A weak negative relationship was observed between the
number of robot utterances and autonomy satisfaction (ρ =
−0.27, p = .088), indicating that sessions with more robot
interventions tended to correspond to slightly lower auton-
omy satisfaction scores. However, this relationship was not
statistically significant.

No meaningful relationship was found between robot in-
tervention frequency and autonomy frustration (ρ = −0.02,
p = .881).

Overall, higher levels of robot participation were not
strongly associated with changes in perceived autonomy.

4.5 Creative Output (SQ4)
Creative output was measured as the number of unique, non-
repeated campus improvement ideas generated during each
brainstorming session.

Groups in the proactive condition generated more ideas on
average (M = 7.70, SD = 2.58) than groups in the reac-
tive condition (M = 5.80, SD = 1.62). An independent
samples t-test showed that this difference did not reach statis-
tical significance, t(15.12) = 1.97, p = .067, meaning that
while the proactive robot condition tended to yield a higher
average of generated ideas, the variance between groups pre-
vents drawing a definitive conclusion regarding the effect of
the intervention strategy.

While the proactive condition shows a higher average num-
ber of ideas, the variability between groups suggests that per-
formance differences were not consistent across sessions.

5 Discussion and Future Work
Results suggest that increasing robot proactiveness does not
significantly alter participants’ sense of autonomy, despite
small directional trends. At the same time, proactive inter-
vention appears to slightly increase idea generation, though
with high variability across groups.

5.1 Robot Proactivity and Perceived Autonomy
One interpretation is that participants did not perceive proac-
tive interventions as controlling, but rather as part of the ex-
pected facilitator role. This aligns with prior HRI findings
suggesting that users often attribute agency and intent to so-
cial robots in ways that normalize their intervention behav-
ior (Dautenhahn, 2007). In this context, proactivity may
have been interpreted as supportive facilitation rather than
autonomy-limiting interruption.

However, the qualitative interaction patterns suggest a
more nuanced picture. Participants frequently initiated con-
tact with Pepper early in the session, likely driven by novelty
effects, although this was not directly measured. Over time,
engagement decreased when robot responses were perceived
as less useful or too generic, indicating that perceived use-
fulness may moderate the impact of intervention timing more
than intervention frequency alone.



5.2 Interaction Dynamics and Engagement
Patterns

A notable behavioral pattern was that participants often at-
tempted to engage Pepper using phrases such as “what do you
mean”, forgetting to explicitly say ”Pepper”. These interac-
tions failed to trigger a response, leading participants to either
keep trying until remembering to address it, or to shift their
attention to the other participant. This suggests that strict trig-
gering may reduce interaction fluidity and highlights a limi-
tation of keyword-based engagement detection.

5.3 Proactive Trigger Mechanisms
Analysis of intervention triggers provides additional insight
into system behavior. The most frequently activated trigger
was conversational silence, which either failed to activate en-
tirely or triggered more than three times per session. This pat-
tern highlights a clear behavioral variance between groups,
with certain sessions relying heavily on Pepper to maintain
conversational momentum. The second most common trig-
ger was struggle-related phrases, which were expressed each
time by ”I don’t know”. In contrast, low conversational nov-
elty triggered twice, and prolonged inactivity triggered only
once across all sessions.

5.4 Creative Output and Collaboration Trade-offs
The way ideas were produced indicates a shift in the struc-
ture of the ideation process. Rather than contributing com-
pletely independent ideas, Pepper often generated solutions
that built directly on ideas introduced by the participants. In
many cases, participants would first propose an initial con-
cept and briefly discuss it together. Pepper would then gener-
ate additional solution ideas derived from that concept. Once
that line of discussion was exhausted or Pepper’s suggestions
became less useful, participants would typically move on to
an entirely new idea and the process would repeat. This pat-
tern occurred throughout many sessions, suggesting that idea
generation emerged through an iterative exchange between
participants and the robot rather than through independent
contributions from either party alone.

At the same time, the increased idea production in the
proactive group appeared to come with a change in conver-
sational depth. When Pepper contributed more frequently,
groups tended to generate a larger number of ideas, but each
idea was discussed for a shorter period of time before the con-
versation shifted to a new direction. This suggests a trade-off
between idea quantity and elaboration, where proactive par-
ticipation may encourage faster exploration of ideas at the
expense of deeper refinement. This aligns with prior work
on facilitation effects in brainstorming, where increased idea
quantity can sometimes come at the expense of elaboration
and refinement (Paulus and Nijstad, 2003).

5.5 System and Interaction Limitations
Several limitations should be considered when interpreting
these findings.

First, system latency introduced delays in robot responses
due to computational constraints of running a local language
model. While improving model quality would likely enhance

response relevance, it would also increase latency, disrupting
conversational flow. This highlights a core trade-off in real-
time embodied systems between response quality and inter-
action timing.

Second, idea generation was manually coded based on the
predefined definition mentioned earlier. Although this al-
lowed structured analysis, the process remains partially sub-
jective, particularly in borderline cases of idea similarity.

Third, the sample size (40 participants across 20 groups)
limits statistical power, particularly for detecting small-to-
medium effects. As a result, non-significant trends should
be interpreted cautiously.

Finally, the study focused on a single interaction context
(campus ideation with dyads), which may limit generalizabil-
ity to larger groups or different creative tasks.

5.6 Future Work
This study suggests that proactive robot interventions alone
may not meaningfully reduce perceived autonomy during col-
laborative ideation. A key next step is therefore to better un-
derstand what characteristics of robot behavior influence au-
tonomy perceptions in human–robot collaboration.

A particularly relevant question concerns the nature of
robot contributions. Pepper primarily offered direct solutions
during brainstorming, often without elaboration. Future re-
search could examine whether different forms of proactivity,
such as asking reflective questions, encouraging elaboration,
or summarizing ideas, differentially influence both perceived
autonomy and collaborative outcomes. It is possible that par-
ticipants’ sense of autonomy depends less on intervention fre-
quency and more on whether robot behavior is perceived as
supportive, controlling, or disruptive.

More generally, future work should investigate the condi-
tions under which robot facilitation shifts from being per-
ceived as helpful support to unwanted interference. Better
understanding this boundary may help inform the design of
conversational robots that contribute to collaborative ideation
without diminishing participants’ sense of ownership over
their ideas.

6 Conclusion
This work investigated whether proactive robot interventions
that provide unsolicited suggestions reduce participants’ per-
ceived autonomy during collaborative ideation. Through a
controlled between-subjects study comparing proactive and
reactive intervention strategies, the findings suggest that
proactive robot participation did not substantially reduce per-
ceived autonomy during short brainstorming sessions. At the
same time, proactive interventions were associated with a ten-
dency toward increased idea generation, highlighting a possi-
ble trade-off between intervention frequency and the depth of
discussion.

Beyond comparing intervention strategies, this work con-
tributes empirical insights into how people engage with con-
versational robots during collaborative ideation. Participants
interacted with Pepper consistently across both conditions,
while behavioral observations revealed that engagement de-
pended not only on intervention timing but also on the per-
ceived usefulness and relevance of robot contributions. These



findings emphasize that conversational support in collabora-
tive settings is not solely a question of whether robots should
intervene, but how such interventions are experienced by par-
ticipants.

As social robots and AI-powered conversational systems
become increasingly integrated into educational, workplace,
and creative environments, understanding how to support col-
laboration without undermining human agency becomes in-
creasingly important. This work contributes evidence that
unsolicited robot participation may be compatible with main-
taining perceived autonomy in brainstorming contexts, help-
ing inform the design of future conversational agents that sup-
port, rather than disrupt, collaborative creativity.

7 Responsible Research
This research involved human participants and was conducted
in accordance with approved ethical guidelines. Prior to data
collection, the study received approval from the Human Re-
search Ethics Committee (HREC). Participants voluntarily
consented to take part in the study and were informed about
the purpose of the experiment, the interaction procedure, and
their right to withdraw.

The study involved collecting participant data, including
names and email addresses for scheduling purposes, as well
as session transcripts and questionnaire responses. To pro-
tect privacy, transcripts were anonymized using labels such
as Participant 1 and Participant 2. Research data were se-
curely stored locally and will be retained until 26 June 2026,
after which identifying information will be deleted. Raw par-
ticipant data will not be made publicly available.

To support replicability and reproducibility, the methodol-
ogy, robot behavior, intervention triggers, and analysis pro-
cedures are described in detail throughout this paper. The
system was implemented using publicly available technolo-
gies, including Deepgram, Pepper’s ALTextToSpeech ser-
vice, and the Phi-3.5-mini-instruct language model. The
implementation code is available in a public GitHub
repository (https://github.com/bogdanmicu12/Pepper). The
code corresponding to this study is provided in the
reactive/proactive branch of the repository.

Potential sources of bias were also considered. Since par-
ticipants were recruited primarily from university student
groups, the findings may not generalize to broader popula-
tions. In addition, the novelty of interacting with a humanoid
robot may influence participant behavior.

Research integrity was maintained by properly citing prior
work and transparently documenting the methods used in this
study. ChatGPT was used to assist with code development
and writing support; however, all experimental decisions, im-
plementation choices, and final content were reviewed and
produced by the researcher.
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