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/\7 The coin is heads
What's in the box? up. He just saw it,
What did he see? ; ) and now he knows
that | know.
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The coin turned tails up. He
doesn't know about this
change. He still thinks it
eads up, and he thinks |
think it's heads up too.

What's in the box?
hat did he see?

What's in the bqx?

o Reasoning
o Generalizable

Background

Justified Perspective Model m

Theory of Mi.nd (ToM) | « Arbitrary nesting e Explore the feasibility of using the
How agents infer others' beliefs, . Action model free Justified Perspective (JP) model to
crucial for predicting behavior in HRI. e Observationsbased understand higher-order human beliefs.
Iépistgmic rlapnin%(ElP) . Two key human-like assumptions: Hypotheses
Oombines togic and ptanhing 1o e Humans believe what they see ( : il v -

> . - a) Reasoning ability of individuals is

ZZEZ}ZaLeuta?:CTSS’ hkung\;vr:evdagi:jiz aat?c;jn * For unseen parts, humans rely on past consistent across various scenarios.
’ | observations unless contradicted. (b) Human belief reasoning abilities are

positively correlated to their nesting abilities.
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Task: Answer eight questions assessing nested beliefs

(e.g., Ba Bb N) across four levels.
“Ba Bb N” means “a believes b believes the number is”.

Purpose: Measure participants' ability to understand
nested beliefs in an omniscient setting.

_Future Work
 Result

Task: Answer eight questions per trial, recalling numbers
under memory load, with action sequences visible.
Purpose: Assess reasoning ability under limited
information, reflecting real-world constraints.

. Memory Nesting Reasoning test  Pilot Study: Conducted with 5 participants to
- ubject  test test Variance . . . .
Used IRT (2PL model) to estimate T — explore higher-order human belief anticipation.
reasoning ability (theta) via Maximum Subject2 5 3 300 300 300 3.00 0.0000  Model Used: Leveraged the Justified
TPSNT : : Subject3 4 3 2.94 296 3.00 3.00  0.0009 : . :
Likelihood Estimation. Subject4 3 2 254 256 254 257  0.0002 Perspective (JP) model for formalizing belief
Subject5 4 3 2.88 2.86 3.00 3.00  0.0057

reasoning.

e Key Contribution: Demonstrated feasibility of
generalizing higher-order belief modeling.

e Impact: Advances understanding of human

Preliminary Results:
e Positive correlation between
nesting and reasoning abilities
(Hypothesis a).

Contribution

e Proposed a novel IRT-inspired cognition in human-robot interaction (HRI).
e Low variance in theta across algorithm to measure belief « Application Potential:
scenarios, supporting consistency reasoning under the JP model. > Human-robot collaboration
(Hypothesis b). e Conducted a pilot study validating o Assistive robotics
the experimental paradigm.  Towards Real-World Use: Bridges the gap
o |dentified limitations and provided between theory and practical HRI scenarios.

insights for future research,
enhancing HRI system design.



