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BACKGROUND:
• What are Co-Speech Gestures?

METHODS:
• Elicitation Study:

In-person workshop with 20 participants, who designed 
swarm-based co-speech gestures for unigrams using 10 Toio 
swarm robots1.

• Evaluation Study 1:
30 participants evaluated whether those gestures enhance 
their comprehension of voice assistant (VA) responses, 
compared to simple accompaniments like animated circular 
audio waveforms*.

• Evaluation Study 2 (in-progress):
Participants will compare the gestures produced by our 
pipeline with an existing state-of-the-art system2, as well
as the animated waveforms.

RESULTS:

DISCUSSION:
• The evaluation study showed that swarm-

based VAs were perceived as more animated 
(p<0.001), likeable (p<0.01), intelligent 
(p<0.05), with movements viewed as more 
fluid (p<0.001), semantically aligned 
(p<0.001), and synchronized (p<0.01) than 
animated waveform VAs*. 

• Hints were added to the Architect since, 
based on the elicitation study, users prefer 
simple visuals.

• The evaluation study showed that this 
approach produces at least one majority-
endorsed formation for 92.5% of keywords.

• Challenges for humanoid robots:
- Expensive and bulky
- Maintaining realism (uncanny-valley effect3)

• Conversational non-humanoid robots are underexplored1.
• Question:

Do swarm-based gestures enhance human-robot 
interaction in general conversation, better than existing 
alternatives? If so, can we design a system that enables 
this?
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Example Keyword Generations:
“Wi-Fi” “Awareness” “Driver”

“Droplet” “Stairs” “Home”

FUTURE DIRECTIONS:
• Longer conversations should be explored, 

and swarm-based gestures should be 
compared with humanoid gestures to 
broaden understanding of non-verbal 
robotic communication.

• Model generation latency should be 
reduced to improve usability.

• Empirical evaluations are needed to 
ensure 100% collision-free movement on 
physical hardware.

*

*refer the example below “Discussion”
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