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The user pats a robot in
response.

Robot spins and beeps to
express joy.

Figure 1: Storyboard of the Greeting Swarm pattern. Mimicking a pet-like welcome, the swarm rushes toward the user upon
arrival, provides haptic nuzzling, and spins joyfully when patted to offer affective grounding.

Abstract

Emotion regulation (ER) is a dynamic process that often unfolds in
social contexts. However, current digital ER tools predominantly
rely on single-agent systems that lack the complexity of social
dynamics. Swarm user interfaces present unique affordances for
ER through their collective adaptability and expressive group
behaviour. However, their potential in supporting ER remains
underexplored. To investigate how swarm user interfaces can be
designed to support ER, we conducted a series of speculative
participatory design workshops with 15 participants through the
Magic Machine Workshop method, where participants created and
enacted interactive swarm-based artifacts with craft materials. The
analysis led to diverse contexts of use, envisioned swarm framing,
and interaction modes. Based on these findings, we synthesize
eight interaction patterns that translate abstract user metaphors
into robotic behaviors. We conclude by articulating design
opportunities and challenges, positioning swarm interfaces as a
novel medium for ER support.
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1 Introduction

Emotion regulation (ER), the process by which individuals
influence their emotional states and expressions [37, 71], is
regarded as a critical component of mental health and well-being
[36, 73]. While being an intrapersonal cognitive process,
regulation frequently unfolds within social contexts. This broader
phenomenon, known as Interpersonal Emotion Regulation (IER)
[24, 114], emphasizes that individuals often do not go it alone but
instead recruit social resources to manage their affect [74].
Through IER, people leverage social interactions to dampen stress
or intensify positive experiences, transforming ER from a solitary
task into a dynamic, relational exchange [70].

Within Human-Computer Interaction (HCI), increasing atten-
tion has been paid to digital technologies that support ER [21, 96,
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97, 106]. Among these, tangible and embodied interfaces, such as
socially assistive robots (SARs) [39, 80] and tangible user interfaces
(TUIs) [64, 87, 88, 117], have shown promise by delivering in-situ,
physical forms of support. While effective in dyadic settings, these
interventions predominantly rely on single-agent systems, often
failing to replicate these complex social dynamics inherent in hu-
man emotional experiences.

Distinct from these singular devices, swarm user interfaces, a
class of embodied interfaces composed of collectives of
coordinated robotic agents [53, 58], present opportunities for
supporting ER by creating socially adaptive ER interventions. First,
research shows that multi-robot therapy can simulate realistic
multi-party social environments, enhancing user engagement and
joint attention beyond the capabilities of single agents [2, 69].
Second, observing interactions between robots can help exhibit
more positive psychological states [68] and reduce the cognitive
and emotional anxiety often associated with direct confrontation
[1, 49]. Third, multi-robot systems enable role differentiation,
allowing different agents to cater to conflicting user needs
simultaneously [101]. Last, swarm user interfaces can convey
emotional qualities through variations in motion, rhythm, and
scale [23, 53, 89], making them well-suited to represent subtle and
continuous forms of affective interaction, such as fidgeting [52, 81]
and perceived body extension [25, 44]. Yet, despite these potential
benefits, little is known about how swarm user interfaces should
be designed to support ER, or how users conceptualize emotionally
meaningful interactions with collectives of robots.

To fill this gap, we conducted three speculative participatory de-
sign workshops with a total of 15 participants to explore how peo-
ple imagine using swarm interfaces within their personal ER prac-
tices. Adapting a magic machine prototyping approach [8], partic-
ipants created and performed swarm-based “machines” for their
own ER needs using craft materials. This approach allowed partici-
pants to surface personal ER experience and strategies into imagi-
native technology without constraints on technical knowledge.

In our findings, we identified when/where participants needed
ER support from the swarm user interface, what swarm user inter-
faces they envisioned being, and how swarm user interfaces could
support their ER. Building on these insights, we synthesized a set
of interaction patterns that translate participant-generated ideas
into situated design concepts. We further articulate design oppor-
tunities and challenges, positioning swarm interfaces as a novel
medium for ER support. In summary, we contribute to the field of
digital ER and swarm user interfaces by providing:

e an exploration of how people imagine swarm user interfaces
within their personal ER practices.

e a set of interaction patterns that articulate how swarm user
interfaces could support ER.

o areflection on the opportunities and challenges in designing
swarm user interfaces for ER.

2 Related Work
2.1 Intrapersonal and Interpersonal
Frameworks on Emotion Regulation

Emotion Regulation (ER) refers to the processes by which
individuals influence which emotions they have, when they have
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them, and how they experience and express these emotions
[36, 37, 56, 71]. ER is best understood as a subset of affect
regulation, a broader umbrella that can include regulation of
emotional states, mood, and other affective phenomena [37]. ER is
not limited to decreasing negative emotions; it also includes
amplifying positive emotions or even intensifying negative ones
for instrumental purposes [38, 107].

One of the most influential frameworks in ER is Gross’s Process
Model of Emotion Regulation [36, 37], which identifies five families
of strategies, each intervening at a different stage of ER process: (1)
Situation selection refers to approaching or avoiding certain situa-
tions based on their expected emotional impact, such as choosing
not to attend a stressful event. (2) Situation modification involves
directly changing aspects of a situation to alter its emotional con-
sequences. For example, resolving a conflict to reduce tension. (3)
Attentional deployment concerns directing one’s attention toward
or away from emotional elements of a situation, such as distracting
oneself during a distressing moment. (4) Cognitive change refers
to reappraising the meaning of a situation to modify its emotional
significance, like interpreting a job interview as a learning expe-
rience rather than a threat. (5) Response modulation occurs late in
the emotion process and targets experiential, behavioral, or physio-
logical responses, such as suppressing visible signs of anger. Each
strategy operates at a different stage of emotional unfolding and
varies in its cognitive demands and long-term effectiveness, shap-
ing both immediate experience and broader patterns of emotional
functioning. In our participatory design workshops, we introduced
this model to participants as a conceptual tool to help them under-
stand ER. These five strategies also serve as a key analytical lens
in our study and are referenced throughout our results from the
design workshops.

Beyond intrapersonal processes, ER often unfolds in social
contexts. Interpersonal Emotion Regulation (IER) encompasses the
use of social interaction to modulate one’s own or others’
emotions [24, 74, 114]. Unlike automatic affective phenomena such
as emotional contagion or affective presence, IER is intentional
and effortful, requiring cognitive control and personal resources
[74]. IER can be intrinsic, wherein an individual seeks out others
to help manage their own emotions, and extrinsic, where an
individual attempts to regulate the emotions of someone else [114].
Ultimately, IER reflects the fundamental insight that emotions are
not solely private experiences but are shaped, amplified, or
mitigated through ongoing interpersonal processes [74, 114]. Our
work considers robot-supported regulation as a potential form of
IER. This framing enables us to examine how interactions can
resemble social-emotional dynamics.

2.2 HCI Research on Digital Emotion
Regulation

HCI research has increasingly shifted from designing for emotional
experience to designing for ER. A large body of work explores how
both specialized and general-purpose technologies can support ER
[21, 96, 97, 106]. While these systems were developed on various
platforms [86], such as mobile apps [26, 61], video games [109],
augmented reality [93], virtual reality [85], and wearables [18],
our work focuses on a specific form: swarm user interfaces, which



Feeling with Many: Rethinking Emotion Regulation with Swarm User Interfaces

can be understood as sitting at the intersection of tangible user
interfaces (TUIs) and socially assistive robots (SARs).

TUIs have long been explored for their potential to support
emotional expression, regulation, and awareness through
embodied and material interactions [86, 87, 110, 116]. In the
context of ER, tangible interfaces allow users to externalize
[79, 113] and manipulate [4, 47, 64, 111, 117] affective states
through physical engagement, enabling reflection and emotional
expression without verbal articulation [30, 88]. However, these
systems typically center on interactions with single physical
objects, limiting the social and ambient dimensions of affective
experience. Recent design research has begun to explore
metaphor-based social robot collectives as a way to represent
affect through ambient symbolism and coordinated behavior [5].
By exploring how collectives of robots can embody roles such as a
choir, a fragile companion, or a spatial bridge, their work offers
rich design inspiration for crafting swarm robot interactions that
support ER through symbolic behavior, ambient affective cues, and
relational metaphors.

In parallel, SARs, or social robots, have been developed to
provide emotional and cognitive support through social
interaction [28]. These robots have demonstrated therapeutic
value in mental health contexts, especially among children
[46, 48, 77, 83, 112], older adults [10, 43, 65], and individuals with
cognitive or emotional disorders [22, 76]. Through affective
presence, social cues, and conversational engagement, SARs aim to
help users recognize, process, and regulate emotions [17, 92]. Their
designs often rely on anthropomorphism or zoomorphism to elicit
empathy and trust [17, 46, 80], but typically operate in dyadic,
one-to-one interaction settings.

Swarm user interfaces offer a promising design space that
bridges the material immediacy of TUIs with the affective
resonance of SARs. This dual capacity enables new forms of
affective interaction that are neither fully object-centered nor
dependent on anthropomorphic embodiment. Building on this
direction, our work proposes a swarm user interface for ER that
distributes emotional expression across space and agents.

2.3 Swarm Robotics & Swarm User Interfaces

Unlike traditional interfaces or single-agent robots, swarm robots
are composed of multiple autonomous agents whose collective
behavior unfolds through local coordination inspired by natural
swarms. Swarm user interfaces have recently been proposed as a
flexible and expressive medium for HCL Small, mobile robots that
operate collectively on a tabletop surface have been used in data
visualization [50, 58, 59, 104], educational tools [34, 63, 118], non-
verbal communication [19, 35, 100], embodied interactions [25, 44]
and haptics feedback [27, 54, 67, 102, 103, 115].

Beyond these applications, the use of swarm robots for
emotion-related interaction has recently gained traction. The
movement of robot swarms has been shown to communicate
affective qualities such as valence and arousal, simply through
variations in parameters like speed, synchronization, and
smoothness [23, 53, 89]. Even the swarm robots’ mere presence
affects human cognition and affective states [51, 68]. Notably, the
SwarmFidget project introduced programmable, actuated swarm
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robots that respond to user touch and gestures, enabling
personalized fidgeting experiences [81] to help ADHD adults
regulate anxiety and concentrate. Participatory design work in this
space has shown that users value the customizability,
responsiveness, and tactility of swarm interactions, suggesting a
promising role for swarms in supporting ER needs. This project
explored how users envision emotionally supportive interactions
with swarm robots. Our findings extend prior work by framing
swarm interfaces not only as expressive displays or manipulatives,
but as dynamic, embodied, and social agents capable of supporting
ER in everyday life.

2.4 Speculative Participatory Design Workshops

There is growing interest among HCI community in adopting spec-
ulative approaches in participatory design [90] to explore values,
imaginaries, and possible futures beyond immediate utility or fea-
sibility [14, 40]. Within participatory design, speculative methods
shift the focus from requirement elicitation to imaginative engage-
ment, allowing participants to envision alternative socio-technical
relations [9, 14].

Our study builds on this tradition by adopting the Magic
Machine Workshop method developed by Andersen and Wakkary
[8]. The Magic Machine Workshop is a speculative design
workshop format that shifts the focus of design inquiry from
collective problem-solving toward the expression of personal,
embodied design knowledge [6-8]. Unlike traditional HCI
workshops that often prioritize data extraction for research
agendas, the Magic Machine Workshop centers on the individual
participant’s imagination, commitment, and internal concerns,
allowing them to radically construct personal visions of
technological artifacts, or “magic machines,” that may or may not
be realizable. The method has been applied in a variety of contexts,
including participatory workshops with older adults [13, 105],
LGBT community [31], and refugees [3, 98]. In the context of ER, it
has also been applied to explore interactive technologies for
meditation [20], mindfulness [62], and peer support for loneliness
and isolation [41].

Given that both the concept of swarm user interfaces and
emotional support robots are far from people’s real lives and may
not be perceived by users, applying the Magic Machine Workshop
method is promising for our goal. By encouraging “making in the
hypothetical,” the workshop avoids the barriers of technical
expertise, instead opening a space where the act of creation and
subsequent interpretation become performative and introspective
[6, 7]. In addition, the moment of presenting and naming the
machine transitions the participant from introverted making to
extroverted reasoning, prompting emergent narratives about use,
meaning, and interaction. This performative shift helps us
understand both the latent thinking embedded in the making
process and the personal meaning ascribed to the artifact [8].

3 Method

We conducted a series of speculative participatory design
workshops to explore how participants imagine integrating swarm
interfaces into their own ER practices, thereby revealing
speculative mechanisms through which swarms could support ER.
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After two rounds of pilot studies, we finalized the protocol for our
participatory design workshops. This study was approved by the
institution’s ethical committee.

3.1 Pilot Study

Before conducting the formal workshop, we carried out two pilot
studies to explore and adapt the Magic Machine Workshop method
to our research context. These pilots served primarily as method-
ological tests rather than data collection sessions.

Both pilots followed the original format proposed by Andersen
and Wakkary [8]. However, we deliberately kept the structure
flexible, allowing space to observe participant engagement,
material interactions, and timing constraints. First, they responded
to a prompt designed to recall their personal experience in ER.
Then, using low-fidelity and intentionally obstructive materials,
they constructed fictional “machines” that could support their
personal ER. Without prior notice, participants were asked to
perform and narrate their machine’s function in front of the group.
A short group discussion followed, treating each machine as real to
elicit further interpretation. Finally, participants self-staged their
machines for documentation, choosing how their creations would
be represented visually.

Each pilot was conducted as a one-hour participatory design
workshop involving three participants, for a total of six researchers
across two sessions. The participants came from diverse HCI
subfields, including mental health, human-robot interaction,
tangible user interfaces, artificial intelligence, and creative design.
Their participation was voluntary without compensation.

Through informal debriefings and observations, we identified
key refinements for the formal workshop. For instance, we revised
the language of the prompt to avoid emotional discomfort
triggered by the original version, which unintentionally led
participants to recall emotionally painful experiences. The updated
prompt encouraged reflection on successful ER experiences
instead. We also adjusted the material set to stimulate open-ended
creativity better and reduced reliance on prior technical
knowledge, which had previously constrained imagination. In
addition, we removed a storyboard worksheet intended for
preparation, as it conflicted with the goal of keeping the
performative presentation spontaneous. Finally, we noted that
three participants per session did not generate sufficient peer
interaction, informing later decisions about group size.

3.2 Formal Study

In the formal study, we conducted three speculative participatory
design workshops to elicit personal and imaginative engagements
with ER and swarm user interfaces. Our approach adapts the
Magic Machine Workshops [6] to foreground participants’ lived
experiences and creative ideation around ER, while enabling rapid
material exploration and performance-based walkthrough.
Following Andersen and Wakkary [8], our workshop design
preserved the structured flow that creates the conditions for
introspective, imaginative engagement, while ensuring that the
creation of the Magic Machines remained entirely open-ended and
unconstrained by technical feasibility.
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3.2.1  Participants. We used posters, social media, and word-of-
mouth referrals to recruit participants. The recruitment criteria
for this study are: individuals who speak fluent English and are
18 years of age or older. We conducted three participatory design
workshops with 15 participants (7 males, 5 females, and 3 non-
binary individuals, aged 19-53). None of them were diagnosed with
mental illness or received therapy. Table 1 provides an overview
of their backgrounds. Each participant was rewarded 30 CAD for
contributing to the project.

3.2.2  Procedure. Workshops were held in a quiet room with tables
suitable for tabletop interaction, and a digital screen showing slides
for instructions. Each workshop comprised seven stages. Two facil-
itators co-led all stages. To facilitate meaningful discussion while
minimizing fatigue and maintaining the quality of qualitative data,
we organized participatory workshops with groups of four to six
participants and limited the workshop duration to two hours.

Stage 1: Introduction. Facilitators introduced themselves,
welcomed participants, introduced the purpose of the study, and
obtained informed consent. We explained that this was a creative
design workshop, and they would be able to create their own
magic machine that supports their emotional health.

Stage 2: ER Prompt. To deepen our participants’ understanding
of ER based on their own experience and knowledge, the facilitators
invited the participants to recall their ER moments individually.
They were prompted with a simplified definition of ER and the
ER process based on prior work [37, 71] for easier understanding.
Specifically, they were asked to sketch or write about their initial
emotional states, the actions they took, and their ultimate emotional
states, which were their ER goals. To avoid hurting feelings and
to make the process of self-disclosure easier, we asked about their
successful ER experience. We used the following prompt:

“Think of at least one moment when you managed to shift or
control how you were feeling. Please draw or write down:

e What were you feeling at first?
e How did you want to feel instead?
e What did you do?”

To help participants consider a wider range of emotions, we
presented 15 emotion examples (Figure 2) through the Circumplex
Model of Affect [78, 84] on the slides.

Each participant received an A4 sheet with the prompt and a
pen. Additionally, they were told that sharing with other partici-
pants was optional to reduce disclosure pressure. After participants
finished recalling their own ER experiences and strategies, we then
introduced the concept of ER and explained five ER strategies [37]
with concrete examples in real-world scenarios.

Stage 3: Swarm Exploration. Magic machine workshop method
introduces the prompt to both situate making within a thematic
context and provide an accessible “red spot” on-ramp that
establishes confidence through an achievable initial commitment
[8]. Having thematically anchored the workshop in participants’
lived ER experience in Stage 2, we further provided them with a
red spot experience: a short, achievable, low-stakes activity that
helps participants quickly build confidence and a shared
experiential reference point before open-ended making.
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Table 1: Demographics of the participants in the participatory design study.

Workshop Participant Gender Age Career / Major
W1 P1 Female 22 Linguistics
W1 P2 Male 19 Biomedical Engineering
W1 P3 Male 20 Software Systems
W1 P4 Non-binary 33 Mathematics
w2 P5 Male Prefer not to disclose Computer Science
w2 P6 Female 20 Business Administration
W2 P7 Non-binary 27 Film Photography
w2 P8 Male 25 Computer Science
w2 P9 Male 25 Robotics
W2 P10 Non-binary 19 English
W3 P11 Female 24 Political Science
W3 P12 Female 22 Artificial Intelligence
W3 P13 Female 31 Scientist
W3 P14 Male 27 Economics
W3 P15 Male 53 Psychology
ACTIVATION

alert

tense

excited
nervous

elated
stressed

upset happy

UNPLEASANT PLEASANT

sad contented

serene
depressed

relaxed

calm

DEACTIVATION

Figure 2: Emotion examples presented to the participants
based on the Circumplex Model of Affect [78, 84].

In this stage, facilitators demonstrated the concept of swarm
user interfaces with swarm robots, as swarm user interfaces and
robot-mediated emotion regulation are unfamiliar technological
domains for the participants. The phase aims to lower the cognitive
barrier and establish a shared ground from which participants can
imagine radically personal futures with new technologies.

To simplify the concept of swarm, we began with the metaphor
of animal swarms in nature, such as fish swarms, bird swarms, and
bee swarms. Then, we demonstrated swarm user interfaces using
Toio, a miniature multi-robot platform developed by Sony
Corporation [99]. The robot is white and cubic, measuring 32 mm
x 32 mm x 20 mm. To avoid constraints on imagination, instead of
referring to Toio as robots, we emphasized to the participants that
these cubic robots were a swarm of “magic cubes” We then
presented the abilities of Toio robots, including the ability to move
on a planar surface, emit colored light, play simple digital sounds,
and recognize slope. After that, the facilitators demonstrated four
swarm interactions and allowed participants to try each one
individually, enriching their understanding and helping them gain

tangible experience with swarm robot interaction. The example
interactions (see Appendix A) include Expanding and Contracting
Circle, Conveyor Interaction, and two Remote Interaction, which
were based on past research on fidgeting experiences with swarm
robots [81]. Throughout this stage, we kept emphasizing that we
were only showing some example abilities and behaviours of the
“magic cubes,” and they were open to imagining any kind of
abilities and behaviours of the swarm system.

Stage 4: Material Making. By the end of Stage 3, facilitators
helped participants gain knowledge of both ER and swarm user
interfaces. Building on this, they were asked to create their own
magic machines to support their mental well-being using “magic
cubes” and “magic materials”. Each participant received craft
supplies for prototyping, and white cubic clay cubes to represent
the robot instead of getting real Toio robots. By doing so, the
“magic cubes” appeared less robotic, and the soft nature of clay
made them easier to modify, reshape, and connect with other
materials. It further avoided anchoring participants’ imagination
to an off-the-shelf platform, allowing them to depart from
demonstrated behaviors and pursue speculative, personal
interpretations. The default allocation was five clay cubes per
participant, with additional units available upon request.

Stage 5: Presentation and Discussion. After creating the machines,
the facilitators asked the participants to stand up, present their
magic machines, and describe how these machines could support
ER. Participants were asked to explain:

e What is the name of your group of magic cubes?

e How do your magic cubes work to support your emotional
health?

e Why did you create them in this way?

The participants were not informed of the presentation before-
hand, as this might limit them to coming up with only socially ac-
ceptable ideas. This performative stage marked a significant shift
in energy, moving participants from an internal, wordless making
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process to an external, verbal improvisation that opens up shared
conversation and reflection [6, 8].

Group discussions followed, during which each presentation
was discussed by the group. The facilitators led a design studio
critique [91], treating each machine as if it were real, posing critical
questions to deepen understanding without judgment or correction.
A question checklist (see Appendix B) was created based on prior
works to ensure that each participant addressed the key aspects of
their work. This checklist was only available to the facilitators. First,
it included components of the ER delivery mechanism [96], which
helped us understand how, when, and where they use the magic
machine. It also incorporated tangible interaction themes [42] to
provide insight into how participants interact with the machine.
Last, we included prototype filtering dimensions [66] to understand
the reasoning behind the material composition of the prototypes.

After the peer Q&A, the facilitators also demonstrated two
researcher-designed interaction patterns based on prior literature,
as if they were also participants in the workshop. These
interaction patterns were selected for their strong user appeal in
the pilot study and comprehensive coverage of the ER delivery
mechanism components [96]. We emphasized that our designs
were not the standard answer, but rather the facilitators’ personal
magic machines. Participants could try them and ask questions.
The first interaction modified the "I like you" interaction [54],
which is experiential and on-the-spot. When the user appears sad
or withdrawn, the robots slowly approach the user’s arm and press
against it, mimicking a comforting cuddle gesture. The second
interaction builds on the same movement pattern “Expanding and
Contracting Circle” [81] presented to the participants in Stage 3,
which is didactic and offline. In this version, the rhythmic
expansion and contraction are paired with ambient music to guide
a breathing exercise. Users are invited to inhale during the
expansion phase and exhale during contraction, aligning their
breath with the swarm’s embodied rhythm.

Stage 6: Iterative Optimization. To give participants a chance to
replenish and update their magic machines, the facilitators asked
them to revisit and modify their machines based on ideas
discussed during Stage 5. They were told that changes were
optional. Facilitators then solicited opinions to capture
comparative judgments. This reflective iteration enabled
reinterpretation loops and minor prototyping updates, allowing us
to understand which designs were universally appreciated.

Stage 7: Documentation. With the workshop officially concluded,
each participant staged and approved a photo of themselves with
their machines to capture ephemeral insights of narrative choices
made by the participants, allowing for post-workshop reflection
and analysis. Each participant was invited to pose for a photograph
with their machine. This is a self-staged process where participants
choose how to hold, present, and frame their artifact. Participants
also approve the final photo, ensuring that the documentation re-
spects their intent.

3.3 Data Collection and Analysis

Multiple forms of qualitative data were collected and analyzed
throughout the workshops, including: (i) written prompt sheets
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(Stage 2), (ii) photos of the final machines (Stage 7), (iii) facilitator’s
question checklists and fieldnotes, and (iv) video recordings of
performances and group discussions. Each participant was assigned
an anonymous ID (P#) and corresponding workshop label (W#) for
traceability across data sources.

We conducted inductive thematic data analysis [29] using a
collaborative, multi-phase approach. Throughout the analysis, we
iteratively compared and triangulated across these data types to
preserve contextual richness and to surface latent meanings
embedded in both verbal and non-verbal expressions. Two of the
authors independently open-coded all data, using a bottom-up
approach without predefined codes. During this phase, we
continuously moved between data types to ensure that emerging
codes reflected the multi-modal nature of the workshop. After
initial coding, we collaboratively reviewed and merged codes
through discussion, resolving inconsistencies and consolidating
overlapping categories. Next, we each independently clustered the
codes into preliminary themes, which were then discussed and
refined through multiple rounds of consensus-building. In cases
where agreement could not be reached, the full author team
engaged in joint discussion to finalize the thematic structure.

4 Findings

Our analysis of the workshops reveals a logical progression in how
participants conceptualized swarm-based ER: starting from the sit-
uational needs that trigger the desire for support (when/where),
translating these needs into embodied metaphors and structures
(what), and finally operationalizing them through distinct interac-
tion modes (how). A summary of findings can be found in Table
2. Although participants were instructed to use the terms “magic
machine” and “magic cubes” in the workshops, we will use “robot”
in this section to present the results. Details of participants’ self-
regulation strategies and emotional goals from Stage 2 (ER Prompt)
of the workshops are provided in Appendix C.

4.1 Discovering Contexts of Use

The design of swarm user interfaces for ER is deeply rooted in
people’s lived experiences. This section outlines the context of
swarm-based support, mapping the emotional motivations that
drive the desire for intervention and the situational boundaries that
define where these intimate interactions can comfortably occur.

4.1.1  Emotional Contexts and Motivations. Participants recalled
specific life scenarios where negative emotions served as the pri-
mary trigger for seeking support, defining the “when” and “why”
of swarm interaction. These motivational contexts spanned feel-
ings of anxiety, loneliness, sadness, anger, fear, and lack of focus.

Loneliness emerged as a distinct context for usage, cited by four
participants, particularly in solitary environments. For instance,
W2P8 described the isolation of driving alone, noting a desire to
simply “talk to people” during the commute. In these moments, the
motivation stemmed from a need to fill a social void without the
burden of human interaction. Similarly, W2P7 identified general
loneliness and the need to alleviate the silence in a personal space
as key drivers of engagement.

High-arousal states, such as anxiety and anger, were cited by six
participants as contexts requiring external regulation. Participants
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Table 2: Overview of our findings, including contexts of use, envisioned swarm framings, and interaction modes.

Section Themes

Key Findings

Discovering

Contexts of Use Motivations

Emotional Contexts and Addressing states such as anxiety, loneliness, anger, and lack of focus.

Situational Contexts

Prioritizing private spaces (e.g., bedrooms) over public environments.

Envisioning Creating Metaphors

Ranging from anthropomorphic, zoomorphic, artifact, and natural metaphors.

the Affective Swarm .
Structuring the Swarm

Organizing swarms as centralized hierarchies or decentralized collectives.

M1: Ambient Presence

Offering non-intrusive companionship via background movement and sound.

Exploring Mechanisms

M2: Empathetic Resonance  Mirroring user energy and showing empathy to validate internal states.

of Emotion Regulation

M3: Proactive Intervention Proactively initiating support such as offering advice or fetching items.

Support

M4: Reciprocal Caregiving  Stabilizing agency and control by caring for robots (e.g., charging).

MS5: Playful Soothing

Releasing tension through tactile fidgeting or interactive games.

Mé: Collective Expression

Performing synchronized spectacles to visually transform the atmosphere.

pointed to external pressures, such as being “too stressed out by your
work, by your family” (W1P1) or managing the general “anxiety and
stress you have in your real life” (W2P9). W2P8 specifically recalled
moments of feeling “angry” or “upset” as distinct emotional spikes
that disrupted their baseline state.

Four participants described contexts of emotional vulnerability,
characterized by sadness and fear. W3P15 recalled feeling “lost”,
while W3P11 described states of being “overwhelmed” where
emotional balance was difficult to maintain independently. The
most visceral context was provided by W1P1, who recalled the
childhood fear of sleeping in the dark and the anxiety regarding
unseen threats “underneath the bed” or in narrow closets. In these
scenarios, the motivation for use was not merely distraction, but a
fundamental need for safety and grounding.

Finally, participants also mentioned cognitive regulation, espe-
cially in professional or academic settings. They described strug-
gles with maintaining concentrated and focus (W1P3) or feeling
overwhelmed by “a lack of control” (W1P4).

4.1.2  Situational Contexts. All participants indicated that they
would feel most comfortable using swarm robots in private or
semi-private spaces. Bedrooms, personal living areas, and entire
homes were cited as the most preferred settings. Participants also
envisioned using them during travel (W3P14) or while driving
(W2P8), suggesting that mobile contexts could benefit from
ambient companionship. Many participants considered using the
swarm at work (W2P5, W2P7, W2P8, W3P14), particularly in
personal offices or study environments. None of the participants
were comfortable using the swarm in public or socially visible
spaces. Most emphasized the intimate and personal nature of their
relationship with the robots, expressing unease at the idea of
others witnessing or interacting with them: ‘T wouldn’t necessarily
think about using them broadly in public. Perhaps accidentally draw
attention to yourself” (W2P5).

4.2 Envisioning the Affective Swarm

Building on the identified contexts of use, participants created
diverse design metaphors and structures for their swarms. These
metaphors served as the interface between the user’s emotional
needs and the swarm’s capabilities, shaping the physical design
and perceived agency of the system. Figure 3 presents all the magic
machines created by participants during Stage 7 (Documentation)
of the workshop.

4.2.1 Design Metaphors. Participants projected various metaphors
onto their swarms, shaping their physical design and capabilities
to meet distinct ER needs. This projection is not singular but in-
tertwined, as participants often use multiple metaphors. Table 3
summarizes the identified metaphors and their representative de-
sign features derived from workshop prototypes.

Anthropomorphic Metaphors. Five participants described their
swarms as anthropomorphic companions or assistants, resembling
friends, family, or colleagues. Example prototypes include “Swarm
Buddies” (W1P3, W2P10), “Tenna” (W2P10), and “Triple Siblings”
(W3P11). Robots were given human-like features such as clothing
(W1P3, W2P10, W3P11, W3P12) or hairstyles (W3P11, W3P12,
W3P15). Inspiration often came from personal relationships or
media characters that they were familiar with. Some participants
selected these roles to complement their existing social needs. For
instance, W3P11 modeled robots after siblings not just for
familiarity, but to act as a bridge to her real family, notifying them
of her sadness to ensure she was “managing emotions with both the
swarm and the family”. Conversely, W2P10’s prototype was “made
one to one based on a video game character |[...] just for fun”. For
some participants, these robots were not subordinates but “more
friends than pets” (W1P3). In contrast, three participants expressed
their discomfort with forming emotional bonds with “unreal”
agents (W3P11), preferred to use them only for productivity
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Soarm (W1P1) Cubes No More (W1P2)

Fur Balle (W2P6) Jimmy (W2P?)

Swarm Buddies (W1P3)

Xueying Zhang, Vidhi Aggarwal, Anjun Zhu, and Lawrence H Kim

é

Horrific Creaturec (W2P5)

Composition No.7 (W1P9)

Tenna & Swarm Buddies (W2P10)

Table of Gladiators (W2P7)

Spiritvality & Happinecs (W3P12)

Triple Siblings (W3P11) Cute & Fluffy (W3P13)

Detach & Swowy Dog (W3P14)

Natare (W3P15)

Figure 3: Participants’ magic machines of swarm user interfaces for ER support from participatory design workshops.

Table 3: Summary of design metaphors and their corresponding key features and representative participant prototypes.

Metaphors Inspiration Appearances Capability Intelligence & Agency Examples

Anthropomorphic Personal relationships, Clothing, hairstyles Move, speak, Artificial intelligence, Swarm Buddies (W1P3),

media characters manipulate high-level agency Triple Siblings (W3P11)
Zoomorphic Pets, animals Soft and tactile ma- Move, make Moderate intelligence, Horrific Creatures
terials, white color  sounds, fly moderate agency (W2P5), Fur Balls (W2P6)
Artifact Tools, toys, artifacts Geometrically sym- Manipulate, =~ Non-sentient Composition No.1
metrical or func- roleplay, heal (W1P4), Table of Gladia-
tional forms tors (W2P9)
Natural Trees Organic colors Stationary Passive object Nature (W3P15)

(W3P12), or emphasized that the swarm’s presence should remain
predictable and controllable: “T want them to listen when I speak,
like voice control or even just thinking [...] They should always
respond” (W2P7).

Morphologically, these robots were often envisioned with the
ability to move and manipulate, such as having extendable arms to

“give assistance” (W2P7) (Figure 3). Crucially, participants assigned
artificial intelligence, high-level agency, and distinct personalities
to individual units to support interpersonal ER. W3P11 designed
her swarm to “live in their own world ” and “only do what they want
to and when they want to do it”. Other participants assigned different
personalities or responsibilities to the robots, similar to narrative
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models like “Snow White and the Seven Dwarfs” (W3P11), where
“each could cope with different emotions” (W1P3), or “be a society
around me [...] some are emotional supporters, some are experts [...]
they work together” (W3P14).

Zoomorphic Metaphors. Six participants likened their swarm to
animals, naming them “Fur Balls” (W2P6), “Fluffy” (W2P8), or
“Horrific Creatures” (W2P5). Inspiration sometimes came from
their own pets (W1P1, W2P7). Designs emphasized soft, tactile
materials like fur and pipe cleaners and featured animal-like forms
(e.g., birds, fungi, octopuses, penguins) because they were “very
calmed by touching soft things” (W2P8) (Figure 3). The color white
was frequently used to suggest innocence and cuteness.

Beyond texture, participants altered the robots’ morphology to
enhance their aliveness and capacity for distraction. Modifications
included adding “bouncing flanges” for tactile fidgeting (W2P5) or
imagining them to “hover in the air” (W2P6). Designs in this
category still include some degree of intelligence, but significantly
less than in anthropomorphic metaphors. W2P6 envisioned robots
with memories to develop their personalities. Several participants
allowed the robots to make sounds and expressions. Most of them
were satisfied with the indistinguishable zoomorphic or digital
sounds, while W2P7 equipped the robot with a “screen and
microphone” to “chat with a pet” and alleviate loneliness.

Artifact Metaphors. Five participants conceptualized their swarm
as tools, toys, or interactive artifacts. These robots were designed
to be non-sentient because participants preferred “material that
I could be in control of” (W1P4). Prototypes such as “Cubes No
More” (W1P2), “Detach & Snowy Dog” (W3P14), and “Composition
No.1” (W1P4) used geometric aesthetics, symmetrical forms, and
ornamental motifs. For example, W1P4 arranged the cubes to be “a
very advanced interactive fidget thing” in symmetrical patterns to
aesthetically “break up the weight” of the moment. Morphologically,
these units were treated as functional systems. W1P2 envisioned
them with medical sensors and can “heal the hand” during physical
pain. W2P9 equips robots with weapons and shields (Figure 3),
allowing them to role-play as gladiators in simulated combat.

Natural Metaphors. One participant (W3P15) adopted a
naturalistic metaphor, designing the swarm as stationary natural
objects resembling trees. The design utilized yellow and green
colors specifically to “bring more positive thinking”. Unlike the
mobile agents in other categories, the swarm functioned as an
ambient object to “stare at to awaken some thinking”, supporting
regulation through a feeling of being “peaceful and connected”
without demanding active interaction.

4.2.2  Swarm Structure. Participants projected specific scale and
social organization onto the swarm to shape how the system de-
livered emotional support. These structural choices modulated the
intensity of emotional engagement and the cognitive load required
to interact with the system.

Scale. Participants exhibited varied preferences regarding the
ideal swarm scale. Most participants were satisfied with the
provided number of five robots, frequently citing that they are
emotionally supportive without becoming intrusive. Those
adopting Anthropomorphic Metaphors tended to favor smaller,
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intimate scales to maintain distinct personalities for each “sibling”
(W3P11 - 3 units) or “friend” (W1P3 - 5 units), explicitly noting
that larger groups could become emotionally “overwhelming”
(W1P3). In contrast, participants using Artifact Metaphors
imagined larger scales (e.g., W1P2 - 10 or 11 units, W2P9 - 10 units)
to serve as physical building blocks for complex structures. Just as
W2P10 summarized: The exact number doesn’t matter... If you have
more, then you can have it doing more things like carrying stuff”.
W3P13 also made a compelling argument that swarm systems

may reduce the risk of over-dependence compared to single-robot
systems. A one-to-many relationship was described as more diluted,
symbolic, and manageable:

“A one-on-one emotional connection is too deep [...] like a

relationship. But with a swarm, you’re not emotionally tied

to one. It’s more like friendship or leadership, collective, not

intimate.” (W3P13)

Structural ~ Organization and Morphology. While most
participants were satisfied with decentralized, egalitarian
organization, several participants proposed hierarchical structures
to manage the complexity of interaction or enact specific control.
Inspired by animals and human societies, this was more common
among Anthropomorphic Metaphors and Zoomorphic Metaphors,
where a “Leader” robot served as the primary interface for
communication and control (W1P1, W2P7, W2P8), often
differentiated by size, form, or capabilities, while the others
followed its direction. The hierarchy provided a clear locus of
control during emotionally vulnerable states, allowing the user to
direct the “commander” while the rest of the swarm operated as a
supportive backdrop:

“This one is the leader, so the others have to look identical
to each other. The leader could be bigger than all of the
others. Imagine the face here is a screen or LED, so it can
get more output that can represent the swarm.” (W2P8)

Beyond social hierarchy, participants conceptualized
morphological assembly as tangible support. Aligning with
Artifact Metaphors, participants envisioned robots physically
connecting to transform their capabilities. W1P2 designed robots
as many ‘bones” that can connect to form a robotic “hand” (Figure
3), while W3P14 imagined a “Transformer” structure that can
assemble to be a shape-changing robot, including a dog-like form
and a human-like figure.

4.3 Exploring Mechanisms of Emotion
Regulation Support

Our analysis identified six distinct interaction modes that partici-
pants imagined as ways for swarm interfaces to support ER, each
corresponding to a different form of affective engagement.

M1: Ambient Presence. In contexts of loneliness or focused work,
participants prioritized a non-intrusive form of companionship
where the swarm offers comfort simply by “just being there”(W1P1)
in the background. Swarm robots were designed to prevent
emotional disruption and provide “mindless comforting” (W1P3)
through peripheral, rhythmic movements or static co-presence
without demanding active cognitive engagement from the user.
The interaction modalities are usually visual, auditory, and spatial.



CHI *26, April 13-17, 2026, Barcelona, Spain

For example, W1P1 described the swarm simply “moving around
periodically on my table like birds,” while several participants
(W1P3, W2P7, W2P10, and W3P15) suggested letting robots “play
among themselves” in ways that mimicked social play or casual
interaction to create a white noise effect: “They can interact with
each other on their own, and then so you can watch it and then feel,
usually you want to feel relaxed or calm, so that would be” (W2P10).

M2: Empathic Resonance. When participants recalled scenarios
of feeling down, lost, or exhausted, they sought emotional
validation rather than immediate solutions, desiring a swarm that
mirrored their internal states. In this mode, the interaction was
characterized not just by passive reflection, but by a bidirectional
feedback loop where the user and the swarm mutually influenced
each other’s emotional states. Participants imagined swarms with
an active intent to empathize with the participants. They
envisioned swarms that physically reflected their energy levels
and internal states when they needed validation, thereby creating
specific mappings between their emotional deficits and the
swarm’s behavioral responses. W2P8 described how, when he felt
down, the swarm should lower its energy to match his by moving
slowly and dimming lights, creating a “gentle envelope” of empathy.
Similarly, W1P3 designed the swarm to physically enact his
internal state to help him regain self-awareness when feeling lost:

“Remind myself of what I'm doing. [...] so it would prob-
ably represent what I'm thinking or what I'm feeling
and act. The actions are based on how we feel.” (W1P3)

M3: Proactive Intervention. In contexts including sadness, fear,
and anxiety, participants sought functional solutions in which the
swarm provides immediate assistance to break negative loops.

Six participants (W1P1, W2P2, W1P3, W2P6, W2P8, W2P10)
envisioned the robots moving closer to provide emotional support.
For example, spinning and sounding cheerfully to welcome the user
home (W1P1) or, as W2P8 described, “If I feel upset, I feel angry.
They just come here to me, and I know they’re coming. So I don’t
feel alone” W2P8 designed the swarm to be available for casual
conversation to combat the isolation of solo driving: “Sometimes I
drive alone, and I want to talk to people, so I can just talk to him.”

The swarm also functioned as an active advisor or tool.
Participants described robots nudging their attention away from
rumination (W2P5, W2P8), providing health reminders when they
were tired (W1P4), physically leading them to a relaxing spot
(W2P10), or encouraging them and giving hope (W1P3). W2P6
explained that for slight discomfort, only one robot might react,
but for deep distress: “If you touch one of them, for example, they

could all like swirl towards you”. W3P11 designed robots “grumpy”

and “intelligent” personalities to provide diverse advice, viewing
them as agents capable of notifying her real-world friends when
she felt stressed. Participants also envisioned the swarm
performing functional actions to resolve specific stressors (W1P2,
W2P8, W2P10, W3P12, W3P14). This included “security checks” for
fear of the dark (W1P1), bringing items or tools (W1P1, W2P7,
W3P14), or offering physical comforts such as bringing candies
(W2P10). They also noted that the swarm’s multiplicity allowed
them to scale the intensity of intervention.
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“We can have this swarm go on to narrow areas,
especially for kids that is too afraid to sleep in the dark,
to check underneath the bed, the closet, or any narrow
area to make sure there isn’t any coverage.”(W1P1)

M4: Reciprocal Caregiving. Inverting the direction of support,
participants frequently derived comfort not from being cared for,
but from caring for the swarm. This mode was salient in contexts of
overstimulation and anxiety, where the ritual of caregiving helped
participants regain a sense of competence and grounding.

When participants felt ungrounded, engaging in simple mainte-
nance tasks provided a stabilizing anchor. W2P10 articulated how
externalizing care to the robots served as a proxy for stabilizing
oneself: “If you’re bad at taking care of yourself, and you take care of
them, it’s a good way to ground yourself, and then get you back to
feeling more calm and stable.” This caregiving process helped them
feel competent, needed, and emotionally connected. Participants
envisioned affectionate behaviors such as petting (W1P1, W2P8) or
changing robots’ clothing (W2P7). Even low-functionality robots
could evoke strong emotional ties if they allowed such care ritu-
als. Crucially, it was designed to be low-burden. W2P8 noted that
while real pets are “difficult to maintain,” swarm robots offer the
emotional benefits of nurturing without the heavy responsibility.

Participants also used caregiving as a means to exert agency
over their emotional environment. This is particularly evident in
Zoomorphic Metaphors, where participants felt they could
influence the swarm’s emotional state, which in turn created a
feedback loop of positive emotion:

“We can change their mind or influence their emotions
easily. [...] Just like you have a dog, she’s upset. You
can change her emotions by feeding, or just walk them
through the neighborhood, and people feel happy, and
it will give you emotional feedback.” (W2P7)

M35: Playful Soothing. Playfulness emerged as a powerful strategy
to relieve anxiety. Micro-interactions, such as squeezing (W1P2)
and fidgeting (W1P4, W2P6), were appreciated as ways to manage
restlessness and acute anxiety:

“What it makes me think of is when I was at my
computer, or I would throw a pen to myself, or I would
have a stinky or a Rubik’s cube that I would just kind
of fidget with. So I could see this being like a very
advanced interactive fidget thing [which] sure could be
a stress thing or an anxiety thing, but could also just be
like I could make something of this, depending on how
we feel about the time we have no permissions
ourselves”(W1P4)

Beyond tactile grounding, participants leveraged the swarm to
create vivid game worlds and character metaphors (W1P1, W2P9,
W2P10) that served as high-engagement distractions or emotional
outlets. For example, W2P9 designed the “Table of Gladiators”
(Figure 3), a roguelike battle arena where the spectacle of watching
robots fight served to “distract you from all the anxiety and the
stress you have in your real life”. In a more performative and
interactive approach, W1P1 proposed a “monster simulator” that
inverted the power dynamic:
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“Go into your city model so that you can play the mon-
ster. Have you heard of Ultraman Orchestra? So maybe
these things are humans, and then you pretend to step
on them. You can feel like a monster.” (W1P1)

Me: Collective Expression. Participants were drawn to the
expressive potential of swarm collectives, imagining them
“mentally or physically connected” to “form a system” that could
transform space and mood (W1P4). In contexts where participants
felt a loss of agency or a need for grounding, they designed
interactions that emphasized the swarm’s responsiveness and
self-organizing capabilities. They designed scenarios in which the
swarm became a performance featuring dance, musical, and
comedy (W3P11), or an artifact for reclaiming control (W1P2,
W1P4, W2P6). Robots moving in synchronized flocking patterns
(W1P1, W3P12), or reconfiguring themselves into symbolic
gestures (e.g., circles, waves, hearts) (W2P9) were seen as powerful
emotional expressions:

“It would be kind of neat if there was like a ripple effect
[...] snap my fingers and get into like a shell formation,
or maybe I remove one and the rest of them kind of fill
in the space.”(W1P4)

5 Speculative Swarm Interaction Patterns for
Emotion Regulation

While the Magic Machine workshops allowed participants to envi-
sion emotional support without technical constraints, the resulting
concepts were often abstract or metaphoric. To bridge the gap be-
tween these speculative imaginaries and realizable swarm behav-
iors, we synthesized the workshop findings into eight Swarm Inter-
action Patterns. Importantly, these patterns are interpretive, illus-
trative design abstractions informed by speculative workshop out-
puts, rather than direct workshop outcomes. They provide concep-
tual exemplars that show how participant metaphors could plausi-
bly be expressed through coordinated swarm behaviors.

We categorize the eight patterns into a Venn diagram (Figure 4)
based on the ER intervention strategic framework by Slovak et al.
[96], which distinguishes between experiential vs. didactic
mechanisms and on-the-spot vs. offline contexts. Across all
patterns, swarm size ranges from 5 to 12 robots, depending on the
spatial footprint and the desired expressivity of the interaction. We
manually selected seven for easier demonstration of the design.

Greeting Swarm. Participants frequently described a desire for
Proactive Intervention (M3), specifically wanting the swarm to
come to them proactively and offer a clear, affectively meaningful
sense of being noticed. Inspired by the “warm greeting” narrative
(W1P1), we envision the Greeting Swarm (Figure 1) to represent an
emotionally expressive welcome ritual designed to simulate the
affectionate behaviors observed in domestic animals when
greeting their human companions. Idle robots will orient toward
the user, approach their arm, and exhibit gentle proximity-seeking
behaviors reminiscent of cats or dogs. Upon being touched, robots
will respond with celebratory gestures, reinforcing mutual
emotional recognition. The haptic feedback was inspired by the “I
like you” interaction in prior work [54]. The concept of this
pattern is situated in the moment of the user’s arrival, rather than
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Figure 4: Venn diagram of how swarm interaction patterns
are associated with the four delivery mechanisms according
to the delivery mechanisms by Slovak et al. [96]. The distinct
positioning illustrates the coverage of diverse regulatory
mechanisms.

in negative emotions, and relies on implicit cues such as proximity
and attention rather than explicit instructions or tasks.

Advice Swarm. Several participants imagined a “society” of
experts (W3P14) that can deliberate and encourage, aligning with
Proactive Intervention (M3) and Collective Expression (M6).
Building on that metaphor, we propose the Advice Swarm
interaction pattern (Figure 5) in which the swarm will perform as
emotionally supportive advisors by combining group movement
with affective expression and verbal feedback. When prompted by
voice input, the swarm will gather, vibrate, and emit subtle sounds
to evoke a “group discussion,” and then present a consolidated
response. The system will provide a spoken suggestion while the
swarm forms an expressive icon that visually reinforces the
suggestion. This integration of simultaneous visual and verbal
feedback draws inspiration from previous research on co-speech
gesture with swarm robots [19].
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User seeks advice from the Robots gather and have a Swarm forms a house icon,
swarm. heated “discussion.” echoing the verbal advice.

Figure 5: Storyboard of the Advice Swarm pattern. Respond-
ing to a verbal query, robots simulate a heated “group discus-
sion” before forming a semantic icon to visually reinforce
the spoken advice.



CHI *26, April 13-17, 2026, Barcelona, Spain

Water Sentinel. Participants also described supportive swarms
that intervene gently in routine, especially through embodied
reminders that convey a sense of care (e.g., health reminders,
W1P4; bringing small comforts, W2P10). This aligns with Proactive
Intervention (M3) and is oriented toward low-friction self-care. We
outline the Water Sentinel interaction pattern (Figure 6) where the
swarm will intervene gently in the user’s daily routine by
promoting self-care actions such as hydration and rest. Robots will
gather behind a water cup, forming a gentle arc or nudging it
forward with soft light and sound cues. In this pattern, the swarm
is not portrayed as responding to an immediate emotional state
but instead act on a lightweight model of care that anticipates
needs indirectly, introducing gentle, embodied suggestions into the
user’s environment without explicit messages, rigid scheduling, or
compliance pressure.

0ok

e @Q

{%\{%\{%\

Robots notice long inactivity ~Swarm forms a gentle arc,
around the water cup. nudging the cup forward.

Swarm gently nudges the
cup forward.

Figure 6: Storyboard of the Water Sentinel pattern. Upon
detecting inactivity, the swarm forms an arch behind a water
cup and physically nudges it toward the user, serving as an
embodied reminder to hydrate.

Robot Tamagochi. Participants described becoming calmer by
Reciprocal Caregiving (M4), valuing low-burden rituals that
externalize responsibility and competence. Translating that idea,
we propose the Robot Tamagochi interaction pattern (Figure 7)
where swarm robots could foster a reciprocal care relationship
with users by simulating a low-maintenance, emotionally
expressive form of artificial dependency. Depleted robots will slow
down, blink red, and detach from the swarm, inviting user
intervention. Upon being “fed” via charging, they will rejoin the
group joyfully. This concept is not framed as a therapeutic claim,
but it illustrates how designed vulnerability and recurring care
opportunities could create a low-demand channel for grounding
and attentional focus.

Giant Monster. Playful Soothing (M5) was a prominent way

participants externalized anxiety and restored a sense of agency.

W1P1’s “monster simulator,” for instance, imagined “pretending to
step on” the swarm to “feel like a monster” as a way to transform
helplessness into playful dominance. Based on this narrative, we
outline the Giant Monster interaction pattern (Figure 8) to explore
the emotional and psychological dynamics of playful dominance
and performative control in human-swarm interaction. Triggered
by a loud gesture, robots will scatter, tremble, and flee in
choreographed loops until the user traps them, concluding with a
victory signal. The intent of this pattern is to illustrate how a
swarm’s synchronized responsiveness and real-time physicality
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Figure 7: Storyboard of the Robot Tamagochi pattern. A de-
pleted robot signals distress to solicit care. Once the user
places it in the charging zone, the robot rejoins the swarm
with a celebratory spin.

could possibly support an immediately felt shift in agency through
performative control.
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Figure 8: Storyboard of the Giant Monster pattern. Users re-
gain a sense of control by “scaring” the swarm, which scatters
and trembles in simulated panic. The interaction concludes
with the user gently “trapping” the robots, shifting tension
into playful release.

Cheerleading Squad. Participants also envisioned swarms per-
forming spectacles to uplift mood and energize them during diffi-
cult moments (W1P1, W3P11), echoing desires of Playful Soothing
(M5) and Collective Expression (M6). We propose the Cheerlead-
ing Squad interaction pattern (Figure 9) in which the swarm will
perform expressive, celebratory behaviors to energize, affirm, and
uplift the user during emotionally challenging moments. Through
structured motion, music, and light, the swarm will perform syn-
chronized formations and rhythmic gestures in response to user-
initiated or system-triggered cues. Rather than mirroring the user’s
emotion literally, the swarm could offer anticipatory or situational
support by simulating excitement and affirming presence.
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Figure 9: Storyboard of the Cheerleading Squad pattern. To
uplift mood, robots align with flashing lights and music,
perform synchronized choreography, and joyfully circle the
user’s hands in a collective celebration.

Calm Waves. Some participants asked for “mindless comforting”
(W1P3) and “ripple effects” (W1P4) that can be present while work-
ing, studying, or preparing for sleep, which aligns with their need
for Ambient Presence (M1) combined with Collective Expression
(M6). We describe the Calm Waves interaction pattern (Figure 10)
where swarm will arrange into a sine-wave formation and oscil-
late gently with subtle color modulation, producing a steady visual
rhythm that can be attended to passively. Drawing on Empathic
Resonance (M2), an optional illustratively feature will be that the
swarm’s movement speed and color intensity are modulated to mir-
ror and remind the user’s energy level. The key point is an always-
available, low-demand affective “background” that supports atten-
tional recalibration without requiring active engagement.
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Robots oscillate in place in a sinusoidal wave, shifting color and motion rhythmically.

Figure 10: Storyboard of the Calm Waves pattern. Robots
oscillate in place to form a continuous sinusoidal wave with
rhythmic color shifts. This ambient motion provides a sooth-
ing visual anchor without demanding active user engage-
ment.

Breathing Flowers. Participants also expressed interest in rhyth-
mic, embodied guidance when exposed to an “expanding and con-
tracting” pattern for fidgeting in prior work [82]. These inputs mo-
tivate a pattern that couples collective motion with a familiar regu-
lation practice: paced breathing (Playful Soothing, M5; Collective
Expression, M6). We propose the Breathing Flower interaction pat-
tern (Figure 11) where the swarm will guide the user through a self-
paced breathing exercise. The swarm will expand and contract radi-
ally in a slow cycle, using synchronized light and optional ambient
sound to cue inhalation, pause, and exhalation. This design is in-
tended as an ambient invitation rather than a directive: users may
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choose to entrain their breathing to the swarm’s rhythm, or simply
let it remain in the periphery.
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Robots slowly expand from  Swarm expands to guide

Swarm retracts to guide
center, pulsing with light. synchronized inhalation. synchronized exhalation.
Figure 11: Storyboard of the Breathing Flowers pattern. A
radial swarm formation expands to cue inhalation, pauses,
and contracts to cue exhalation, creating a rhythmic cycle to
guide and entrain the user’s breathing.

6 Discussion

Our study set out to explore how users conceptualize and design
swarm user interfaces for ER in their everyday lives. The results
of our three participatory design workshops demonstrate how par-
ticipants envisioned leveraging the unique affordances of swarm
robots to address their personal emotional needs.

Our analysis of the interrelations between design concepts
reveals three distinct design archetypes that users adopt to
navigate their emotional needs. First, primarily in private, solitary
contexts (e.g., driving alone, bedrooms), users regulate loneliness
or sadness by projecting anthropomorphic or zoomorphic
metaphors (e.g. “siblings”, “pets”) onto hierarchical swarm
structures to seek Empathetic Resonance (M2) and Proactive
Intervention (M3). In contrast, in professional or cognitive-heavy
settings, users deprioritize social agency in favor of artifact or
natural metaphors (e.g., “fidget toys”, “trees”) with decentralized
organizations, utilizing Ambient Presence (M1) and tactile Playful
Soothing (M5) to manage focus and overstimulation without
demanding social reciprocity. Finally, during high-anxiety states or
loss of control, users construct gamified spectacles or adversarial
formations (e.g., "gladiator battles,’ "monster simulators") to
externalize distress through Collective Expression (M6), leveraging
the swarm’s physical performativity to shift attention from
internal rumination to external dominance.

In the following sections, we first articulate three design oppor-
tunities (Section 6.1) that swarms offer. We discuss how swarms of-
fer ontological flexibility through diverse metaphors, leverage mul-
tiplicity to structure distributed social support, and bridge inter-
personal and intrapersonal regulation through multi-faceted inter-
action modes. We then examine three design challenges (Section
6.2), specifically addressing the contextual constraints of social ac-
ceptability in public spaces, the tension between user control and
robot agency, and the complexity of personalization in balancing
expressive flexibility with scalable design.
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6.1 Design Opportunities for Swarm User
Interfaces for Emotion Regulation

Based on the results from the workshops, we identified three de-
sign opportunities that leverage the unique affordances of swarm
user interfaces. By mapping the user-generated concepts against
established ER frameworks and comparing them with existing dig-
ital ER, we isolated the unique mechanisms where swarms offer
novel therapeutic value beyond singular devices.

6.1.1 Ontological Flexibility. Existing tangible and embodied ER
technologies often fall into two distinct categories: tool-like tangible
user interfaces (TUIs) for externalizing emotion [88, 117] or socially
assistive robots (SARs) for social connection [80, 92]. Our findings
indicate that swarm user interfaces fluidly traverse this boundary,
offering a unique ontological flexibility.

As shown in our findings, swarms have an abstract nature to
support diverse user-generated metaphors (Table 3), and plural
and evolving relationships that accommodate varying emotional
needs and preferences. This aligns with previous characterizations
of swarms as an abstract, expressive medium [23, 53]. By having
different forms of expression, swarm robots can flexibly switch
between anthropomorphic and non-anthropomorphic dynamics
[23, 53, 68]. Participants valued the ability to shift between two
modes: treating the robots as social entities (e.g., friends or pets)
for comfort, or treating them as passive tools (e.g., fidget toys) for
stress relief. The ambiguous forms allow users to project their
specific emotional needs, whether they require the protection of
“sleep guardians” or the intimacy of “siblings”. This also enables
users to modulate the emotional distance of the interaction:
seeking active support when lonely, or engaging in mindless
physical manipulation when overwhelmed, reflecting the need for
adaptive interventions in daily life [73].

6.1.2 The Power of Multiplicity. Our findings reveal that the
multiplicity is not merely a physical capability but a design
resource. Swarm user interfaces further validate the advantages of
multi-robot systems demonstrated in early human dual-robot
interaction research: the ability to simulate multi-party social
environments [1] and enhance engagement through collective
behavior [69]. By manipulating scale and organization, the swarm
can simulate complex social structures and immersive
environments that single agents cannot achieve.

First, from a social perspective, the power of “many” enables a
form of distributed and scalable social presence. This multiplicity
allows for a parallelism in care” through role differentiation [101].
For instance, swarms can decouple social functions: while one
group of agents engages in intimate, direct interaction, others can
maintain a calming rhythm in the periphery. This spatial
distribution allows the system to simultaneously address
conflicting emotional needs, such as the desire for companionship
and the need for personal space. Furthermore, this collective
structure acts as an emotional safety net; the inherent redundancy
ensures that the sense of accompaniment persists even if
individual units fluctuate. This “diluted” one-to-many relationship
reduces the intensity and potential risks of one-on-one emotional
dependence, making the interaction feel more symbolic,
manageable, and less intrusive.
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Second, distinct from social simulation, the collective nature of
the swarm functions as a dynamic ambient scaffold for sensory
regulation. While TUIs and SARs often demand constant cognitive
attention or social performance [21, 64, 88], a swarm can fade into
the background as “living material” Interactions such as Ambient
Presence (M1) and Collective Expression (M6) leverage the
swarm’s capacity to distribute itself spatially in the user’s
periphery. We argue that this form of interaction supports ER
through the mechanism of soft fascination [11], a concept from
attention restoration theory [75]. Just as watching a school of fish
or leaves in the wind can restore cognitive resources, the collective,
rhythmic, and biologically inspired motion of the swarm [89]
captures attention and provides comfort effortlessly. Whats’s more,
the rule-based coordination of the swarm introduces a profound
sense of emergent order. During periods of emotional
dysregulation, where internal states often feel chaotic and
unpredictable, the visible, structured logic of swarm movement
provides a stabilizing external reference [16]. By transforming
from a collection of individuals into a coherent, organized entity,
the swarm serves as a dynamic anchor, offering a sense of
certainty and environmental control that assists the user in
regaining internal equilibrium.

6.1.3  Bridging Intrapersonal and Interpersonal Emotion Regulation.
Our findings demonstrate that swarm user interfaces bridge the
gap between intrapersonal ER and Interpersonal ER [74, 114], sup-
porting both social connection and internal cognitive processing.

On the one hand, swarm user interfaces can support
intrapersonal ER through sensory and cognitive mechanisms. The
identified interaction modes show that swarm can support diverse
strategies based on Gross’s Process Model of Emotion Regulation
[36, 37] into the physical agency domain. Unlike traditional ER
tools that typically target a specific intervention stage, such as
cognitive reappraisal apps [26] focusing on didactic learning, or
biofeedback devices [64] focusing on experiential physiological
soothing, our results show that the swarm’s physical agency has
the potential to support early-stage strategies like Situation
Modification (M3, M6) by actively altering the user’s environment
or breaking negative feedback loops. Many swarm interactions
were envisioned to support multiple strategies. For instance,
Ambient Presence (M1) and Playful Soothing (M5) serve as
external tools for Attentional Deployment, drawing focus away
from distress. Yet, through their rhythmic and tactile qualities,
they may also support in Response Modulation, directly soothing
physiological arousal.

On one other hand, swarm acts as more than a tool; it functions
as a quasi-social partner that fulfills the deep-seated human need
for affiliation during regulatory episodes [74], transforming the
regulation process from a solitary cognitive task into a relational
exchange. Empathic Resonance (M2) and Ambient Presence (M1)
align closely with co-regulation frameworks, which describe how
emotional states become synchronized in close relationships
[15, 95]. Crucially, this social dimension extends to Reciprocal
Caregiving (M4). Traditional digital ER interventions often
position the technology as the active provider of support (e.g.,
guiding breathing, offering advice). However, our findings
highlight the therapeutic potential of caregiving and stewardship.
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The Reciprocal Caregiving mode (M4) and patterns such as Robot
Tamagochi demonstrate that users can regulate their own
emotions, specifically anxiety and a sense of lack of control, by
caring for “vulnerable” agents. The small size and multiplicity of
swarm robots offer unique benefits for this emotional grounding.
Unlike human-sized robots, a swarm of miniature agents places
the user in a position of dominance and control. Participants found
that “caring for” these small, fragile agents helped them regain a
sense of competence and stability. Whether playing a “giant” in a
game or nurturing a “pet,” these interactions invert the traditional
power dynamic of therapy and challenge the design assumption
that SARs must always be powerful or intelligent. Studies suggest
that while “intelligent” robots build cognitive trust, users often
form stronger emotional bonds with robots that display fallibility
or vulnerability [32]. It suggests that designed vulnerability in
swarm systems can be a potent resource for regulation, allowing
users to externalize their own fragility and tend to it vicariously
through the swarm, a mechanism often leveraged in
animal-assisted therapy [77] but less explored in robotic swarms.

6.2 Design Challenges in Swarm User Interfaces
for Emotion Regulation

While swarm user interfaces offer novel potential, our analysis also
revealed inherent design tensions that arise when deploying such
systems for intimate emotional support. We identified three distinct
challenges that characterize the complexity of this design space.

6.2.1 Contextual and Ethical Considerations. Despite their
perceived emotional value, participants were largely unwilling to
use swarm interfaces in public or socially visible spaces. Concerns
ranged from embarrassment and social stigma to distraction and
spatial intrusion. This signals a strong contextual constraint:
interacting with swarm systems for ER may only be acceptable in
private or semi-private environments where emotional expression
is protected. Such constraints limit the applicability of swarm user
interfaces in mobile or shared settings compared to screen-based
apps [61, 94]. However, we argue that this resistance is not an
inherent dead-end, but rather a reflection of the current
novelty-driven visibility. Public attention is not inherently
detrimental to ER. While some participants feared scrutiny, prior
human robot interaction research suggests that robots can act as
“social bridges” that facilitate positive human-human interaction
[48]. In this view, a visible swarm could serve as an icebreaker,
transforming the user’s isolation into a moment of social
connection, which is itself a powerful mechanism for ER.
Therefore, the design challenge is not merely to hide the swarm,
but to provide visibility management that allows users to toggle
between discreet privacy and expressive modes.

Additionally, although many participants described their swarm
creations as comforting, some also raised concerns about
emotional substitution and dependency. Assigning names,
personalities, or caregiving roles to robots can lead to emotional
over-attachment to the swarm. Prior work on SARs notes risks of
emotional over-attachment and dependency [108], particularly
among individuals experiencing loneliness or vulnerability [57].
Multi-agent collectives may diffuse attachment to a single entity,
yet our results show that users still project personality, social roles,
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and emotional expectations onto the swarm, creating potential for
avoidance-based coping or substitution for human contact.
Designers must consider how to support emotional engagement
without the risk of fostering unhealthy dependency or displacing
human relationships [48].

6.2.2 Tension between Agency and Control. Our findings highlight
a conflict between the swarm’s collective agency as a social entity
and its predictable utility as a controllable material. On one hand,
the efficacy of the swarm often relies on its perceived aliveness.
Research suggests that proactive, autonomous behaviors in SARs
are essential for building trust and perceived social presence,
which are prerequisites for effective companionship [39, 57].
Unlike single-agent SARs, participants did not just value the
“mind” of a single robot, but the “collective mood” expressed
through the swarm’s spatial configuration and synchronized
movement. For instance, in the Greeting Swarm interaction
pattern, the emotional validation comes from the swarm’s active,
decentralized decision to swerve toward the user. This emergent
agency where the collective appears to possess a shared purpose,
is what transforms a group of machines into a responsive social
presence. If the system is perceived as merely mechanical, it risks
losing the capacity to provide validatory social support. However,
this agency becomes a liability when users seek grounding and
stability [55, 72]. In contexts of high anxiety, the unpredictability
of an autonomous agent can feel overwhelming [12]. For many
participants, the swarm’s value shifted from a social group to a
dynamic material or a living tool that should be entirely
subservient to their physical needs, such as acting as a stable
haptic anchor or a rhythmic breathing guide. Here, the swarm’s
autonomous social jitter or independent pathfinding felt intrusive
rather than comforting.

Future designs might address this by implementing sliding au-
tonomy [33], allowing users to toggle the swarm between a pas-
sive “artifact mode” for immediate stress relief and an active “social
mode” for long-term emotional engagement.

6.2.3 Complexity of Personalization. Our study revealed highly
individual and contextual preferences for swarm size, behavioral
intensity, and emotional framing. The inherent ambiguity of
swarm behavior invites users to project their own interpretations
onto the system. Unlike human-like agents, swarms lack familiar
affective cues such as facial expressions, relying instead on motion
parameters [53, 55]. This openness led participants to assign
highly divergent capabilities, personalities, and emotional roles to
the robots. As a result, personalization emerged not merely as a
preference for adjustable parameters, but as a deeply idiosyncratic
process of meaning-making, where each participant has unique
individual and contextual preferences of the swarm [45, 60].
Designing for personalization at both the behavioral and symbolic
levels introduces significant complexity, particularly when each
robot might be assigned a unique role or identity. Thus, designers
must negotiate a delicate balance: preserving the interpretive
openness that makes swarm interfaces expressive and personally
meaningful, while ensuring sufficient emotional legibility and
behavioral consistency to prevent misinterpretation and support
reliable ER across diverse users.



CHI *26, April 13-17, 2026, Barcelona, Spain

Furthermore, our findings suggest that personalization is
shaped by factors beyond mere aesthetic preference, including user
background and emotion types. We observed qualitative trends
indicating that participants with STEM backgrounds (e.g., Robotics,
Engineering) tended to design functional artifacts focused on
mechanism and control (e.g., medical tools), whereas those from
Humanities backgrounds often crafted narrative-driven social
agents (e.g., siblings, characters). Even age appeared to play a role;
our oldest participant (53) designed a static, nature-inspired
ambient swarm, contrasting with the dynamic, gamified
interactions favored by younger users. This implies that effective
swarm ER systems may need to adapt not just to the user’s
personality, but to their demographic profile and the specific type
of emotion being regulated, shifting from a “pet” during loneliness
to a “tool” during stress.

6.3 Limitations and Future Work

While this study provides initial insights into the design space of
swarm user interfaces for ER, several limitations must be
acknowledged. First, the findings reflect users’ imagined
experiences rather than long-term interactions in everyday
contexts. Many of the proposed behaviors assumed levels of
affective responsiveness, environmental awareness, and
coordination that exceed what current swarm platforms can
support or require extensive development. While participants
responded positively to the imagined interactions and articulated
meaningful emotional connections, we do not yet know how these
behaviors would function in everyday settings, how users might
integrate them into their routines, or whether the patterns would
sustain engagement over time. Future research should conduct
in-situ evaluations that examine swarm-based interventions.

Second, the emotional scenarios elicited in the workshops were
skewed toward successful regulation episodes. This was a
deliberate choice to avoid emotional distress during co-creation
but may have limited the range of strategies explored. The use of
situation selection strategy and didactic delivery mechanism was
less frequently represented in participants’ designs. Future studies
could examine how swarm systems might support these
alternative strategies, especially in contexts where users are not
yet motivated or able to engage directly with their emotions.

Last, the physical materials provided in the workshops,
specifically the white cubic clay casings and the miniature scale of
the Toio robots, may have introduced both morphological and
scalar biases. While the cubic choice was grounded in the form
factor of the robots used for enactment, it likely influenced
participants to conceptualize swarm agents as rigid, modular
blocks rather than organic entities. The small size limits the
swarm’s ability to provide substantial physical comfort (e.g.,
hugging) or distinct social presence, potentially leading users to
view them as “toys” rather than “companions.” However, we posit
that the interaction mechanisms identified are scale-independent
and could generalize to larger embodiments, such as swarms of
quadrupedal “robot dogs” or humanoid agents. Future research
should explore how these interaction patterns translate to
human-scale swarms, specifically investigating the trade-offs
between emotional impact and perceived safety.
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7 Conclusion

This work explores how swarm user interfaces may support ER by
engaging participants in speculative, hands-on design of emotion-
ally supportive systems. Our contributions are threefold: (1) an em-
pirical account of how users conceptualize swarm interfaces for
personal ER needs; (2) a conceptual synthesis of contexts, swarm
framings, and interaction mechanisms; and (3) a set of reusable in-
teraction patterns grounded in theoretical models of emotion regu-
lation. Collectively, these findings illustrate how swarm systems
can transcend expressive novelty to function as emotionally reso-
nant, context-sensitive companions. Moving forward, swarm inter-
faces offer a path toward ER support that is ambient, distributed,
and deeply relational. Future systems that embrace the playful and
performative nature of swarms may better reflect the complexity
of human emotional experience, offering novel avenues for care
and connection. We envision a future where these collectives par-
ticipate actively in the ER ecology, transforming regulation from a
solitary task into a shared, embodied process.
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A Swarm interactions demonstrated during
workshops

Table 4 summarizes the example swarm interactions demonstrated

during Stage 3 (Swarm Exploration) of the workshops. The inter-

actions were adapted from prior work on swarm-based fidgeting
experiences [81].

B Question checklist

Table 5 presents the full question checklist used exclusively by the
facilitators during the third workshop phase. It synthesizes elements
from ER delivery mechanisms [37], tangible interaction themes

Xueying Zhang, Vidhi Aggarwal, Anjun Zhu, and Lawrence H Kim

[42], and prototype filtering dimensions [66] to guide participants’
ideation and design decisions.

C Self-regulation repertoire from the
workshops

Participants reported a wide range of self-regulation strategies in
their daily lives, most of which aligned with the taxonomy
proposed by McRae et al. [71]. They are classified based on the five
families of ER strategies in Table 6. Note that there is no situation
selection strategy in the baseline due to the prompt used in the
workshop. From the baseline self-regulation repertoire,
participants’ ER goals mostly focused on getting calm or happy
instead of anxiety, depression, anger, and boredom.
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Table 4: Descriptions and images of swarm robot interactions demonstrated in Stage 3 of workshops, which were based on prior
work on swarm robot fidgeting experience (adapted from [81], with permission).

Interaction Description Images
P ‘ N }
Expanding and Contracting Decrease and increase the radius of a swarm-based circle alter- ~ h il S —&

Circle nately. Ay .

Conveyor Interaction If the first robot is displaced from its programmed position, it
will go to the end of the line, and the rest of the robots will shift

one position forward. el B 1 -
A

Remote Interaction (A) Robots moving forward controlled by the “remote” robot. ~ °~ k)
-------- ==
Remote Interaction (D) Robots moving towards the ‘remote’ robot. h&t
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Xueying Zhang, Vidhi Aggarwal, Anjun Zhu, and Lawrence H Kim

Table 5: The facilitator-only question checklist used during the workshop to understand participants’ magic machines.

Category Guiding Questions Notes/Dimensions
What Name and Description -

How How will they support you? Didactic vs. Experiential
When When will they support you? Offline vs. On-the-spot
Where Where will you use or place the cubes? -

How much space will you assign to the cubes?

Interaction Type

How might you interact with them? (with hands)

Will you use any part of your body besides your hands? Will you move your
whole body to interact with the cubes?

Will your group support multi-users? Does it offer affordances that open up
new avenues for explorations?

How might they move or behave on their own? Will you use these cubes to
express or reflect emotional state?

Tangible Manipulation

Spatial Interaction
Embodied Facilitation

Expressive Representation

Single Robot Abilities

What are the abilities of your cubes?
Can your cubes move, recognize, or think?

Swarm Behaviors

Will these cubes cope with certain emotions? If so, why?

What are your inspirations? Did you get inspiration from something that
already exists?

How are these patterns triggered?

How many cubes will you use? Why?

Decoration

What are your inspirations? Did you get inspiration from something that
already exists?

Is any functionality emerging from, or in contrast to, its physical form?

Why did you choose that material?
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Table 6: Participants’ self-regulation repertoire classified based on strategies in Gross’s ER Process Model [37]).

ER Strategy Strategies Reported by Participants
Situation Modification Practice a presentation to feel more confident
Attentional Deployment Focus on tasks or objects instead of emotions

Listen to music

Bite their hands to distract themselves
Fidget (set goals to achieve while fidgeting)
Read books

Play games

Cognitive Change Convince themselves to feel differently
Encourage themselves and build self-trust
Recall a past success
Increase emotional self-awareness

Response Modulation Call their partner and share their feelings
Call their mothers
Write about emotions and memories in a diary
Play sports until physically exhausted
Take deep breaths or control their breathing
Drink a glass of water
Wash their face
Throw or break objects
Lie on the floor
Go to sleep
Cry
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