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Background : In contemporary Human-Robot Interaction (HRI), emotional engagement between users
and robots is gaining increasing attention beyond functional task execution. This study focuses on
Affective Interaction, emphasizing how robots express emotions and how users perceive these
expressions. While prior research has predominantly addressed emotion expression through complex
movements or visual appearance, few studies have examined how emotions can be effectively
communicated through minimal motion. Methods : To address this gap, this study explores four
expressive modalities—Eye (E), Head (H), Arm (A), and Light (L)—and constructs two experimental
conditions: Unimodal (using a single modality) and Multimodal (combining multiple modalities). Each
condition was evaluated for its ability to convey discrete emotional states. Participants successfully
identified emotional expressions without prior instruction, with recognition patterns confirmed through
A/B testing to eliminate random response effects. Results: The experiment revealed that Unimodal
expressions—utilizing only one expressive factor such as eye, head, or arm movement—enabled users
to accurately distinguish between joy, sadness, surprise, and anger. Multimodal combinations also
supported reliable emotion recognition. Notably, the same emotion could be conveyed through
different modality combinations, indicating expressive redundancy and design flexibility. Furthermore,
nuanced emotional variants, including positive/negative surprise and active/passive anger, were
successfully differentiated using distinct configurations, reflecting findings from prior pilot studies.
Across all conditions, recognition was statistically significant (p <.05), with an average effect size
(Cramér’s V) of approximately .30, indicating a small to moderate correlation. Conclusion : The study
demonstrates that minimal motion can suffice for clear emotional communication, providing practical
implications for the design of expressive yet efficient social robots. Future work should investigate
the intensity of emotional expressions, communicative effectiveness in interaction contexts, and user
diversity across age and situational settings. This research offers a foundational basis for designing
emotionally communicative social robots with minimal complexity.
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Table 2) Core Hypothesis Formulation
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(Table 11) Results of Logistic Regression Analysis (Multinomial Logistic Model)
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(Table 17) Verified Hypothesis
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