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Infer mental states from a partial behavior stream

robust uncertainty over multiple hypotheses

fast inference for real-time assistance

learning with zero ground-truth annotations



A standard target, but expensive to run online

P(mt | s1:t, a1:t) ∝ P(a1:t | mt, s1:t) P(mt)

the mental-state distribution on the left side

how likely the observed actions are under this state

whether the mental state itself is plausible



Amortize model-based ToM into one forward pass

A full particle set of candidate mental states

A planner or frozen LLM scorer checks action likelihood

Reinforcement learning for non-differentiable scoring



ELBO as the reward

high action likelihood

prior plausibility

discourages early collapse



Domains and tasks for evaluation

GridWorld: visual map input

Household: text-converted scenarios

Story-based Theory-of-Mind question answering

Proactive assistance



MindZero improves story-based QA accuracy

MindZero improves signi�cantly over the pretrained checkpoint and is competitive with strong commercial models using
much less computation.



Proactive assistance tests online inference

MindZero obtains the best speedup ef�ciently collaborating with both simulated and real humans.



Mode seeking does not become mode collapse

Prediction quality sharpens as more actions are observed. Diversity depends on prior design, multiple
hypotheses, and entropy bonus.



Mental reasoning can be learned with self-supervision

Online mental reasoning with uncertainty, ef�ciency, and zero annotations

Online mental reasoning can be learned with self-supervision using RL

Ef�cient single-pass inference at test time and strong results across domains and tasks

Code and models are open source
https://scai.cs.jhu.edu/MindZero


