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Background

The movements of our bodies reflect brain function and health, revealing internal states such as intent,
stress and attention, as well as health versus disease. Current tools reduce complex behavior to isolated
simple tasks in constrained settings, capturing only a thin sliver of the richness of movement. Without
strong overarching foundation models, this limits understanding of how behavior reflects internal states in
health and disease. Consequently, fundamental principles of behavior remain hidden and opportunities for
early diagnosis and adaptive intervention are missed.

The Big Idea
Develop foundation models of behavior that unify representations from the “syllables” of movement to the
“syntax” of complex action across species and into embodied machines.

Why does this matter? Subtle changes in physical movement often precede psychiatric or neurological
disease onset, yet current detection methods are coarse, fragmented and subjective. Better models could
provide early, objective markers of disease and guide adaptive interventions.

What will you do? Foundation models trained on diverse behavioral data sets, from controlled
single-animal recordings to multi-agent human interactions, can reveal fundamental building blocks of
behavior, show how they combine into flexible repertoires and translate these insights to robotics. Such
models would explain recurring behavioral motifs, adaptation strategies and context-dependent actions.

How will you do it? We will integrate multiscale behavioral corpora with machine learning architectures
that capture temporal, spatial and social structures in action. Models will link behavioral dynamics to
neural and physiological data, enabling predictive and generative capabilities. Insights will inform adaptive
Al agents and robotic platforms capable of flexible, human-like behaviors.

Impact

This project will transform behavior from a descriptive metric into a predictive lens for brain and body
states. It enables objective behavioral phenotyping, early detection of neurological and psychiatric
conditions, and adaptive Al for robotics. By learning principles of natural behavior, artificial agents can
achieve human-like flexibility and adaptability. Penn’s strengths in neuroscience, Al and robotics position
it to lead in embodied intelligence, with broad translational opportunities in health, conservation and
robotics.
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