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Overview
Humans have the remarkable ability to construct common-
sense theories about the world through perception. From in-
ferring the physical relationships between objects to under-
standing social interactions and predicting future events, per-
ception plays a foundational role in shaping how we learn
and reason. But how do systems for perception and higher-
level cognitive theories interact? Are perception and com-
mon sense knowledge distinct, such that perception simply
provides information for other cognitive systems to act on
(Firestone & Scholl, 2016)? Or are they interlinked in ways
that allow common-sense theories to affect what we per-
ceive, or represent the world for other commonsense domains
(Levin, Baker, & Banaji, 2016)?

By integrating insights from vision science, cognitive de-
velopment, computational modeling, and neuroscience, we
aim to uncover how perception supports and integrates with
higher-order cognition. The symposium brings together re-
searchers who investigate perception and cognition from di-
verse perspectives, offering insights into how perceptual sys-
tems shape not only our immediate understanding of the
world but also the common-sense theories that guide our
behaviors. These speakers will explore questions such as
how human perception of social agents is grounded in phys-
ical reasoning (Liu), how visual abstractions are used to fa-
cilitate collaborative reasoning (Fan), how humans internal-
ize physics through sensorimotor regularities in experience
(Deeb), and how physical knowledge influences the way we
perceive and represent the world (Smith). We will conclude
with a moderated panel discussion aimed at synthesizing
ideas, identifying open questions, and charting new directions
for exploring the interplay between perception and cognition.

The Patchwork Approach: Toward a
perceptual theory of intuitive physics

Abdul-Rahim Deeb
Human sensorimotor experience is rich with physical infor-
mation, but it has been challenging to identify generalizable
principles that explain how humans use experiential regular-
ities to understand and predict the physical world. Here we

present the Patchwork Approach: a method for modeling sen-
sorimotor predictions based on experiential regularities, with-
out the need for explicitly encoding physical laws. The Patch-
work Approach leverages environmental regularities to en-
able humans to make perceptual predictions in a resource-
rational way. While other recent methods offer powerful,
data-driven approaches for learning physical laws (Piloto,
Weinstein, Battaglia, & Botvinick, 2022), our approach em-
phasizes a more efficient use of prior sensory experiences
to make predictions without the need for extensive compu-
tational resources.

Using data from previous studies (Deeb, Cesanek, & Do-
mini, 2021; Deeb & Domini, 2024) on human perception
of physical systems, the model outperforms traditional New-
tonian models in capturing human prediction errors and in-
terpolates across previously untested conditions. One test
demonstrates its superiority in a projectile motion task, while
another illustrates its ability to predict deflection angles in a
collision event, even on untrained aiming angles. The Patch-
work Approach provides valuable insights into how physi-
cal laws are internalized from the environment and used to
guide perception and action and argues that perception pro-
vides foundational input to intuitive physics reasoning, a role
that can complement and be extended to higher-level cogni-
tive processes like those explained by the Intuitive Physics
Engine (IPE).

Visual abstraction for planning and
collaboration

Judith Fan
How do humans leverage abstract representations of visual
inputs to solve complex problems together? In this talk, I will
review our recent work examining how humans leverage vi-
sual abstraction to reason about physical assembly problems
and coordinate to solve them together. Across several studies,
we find converging evidence that people decompose physi-
cal structures in ways that make them both more tractable to
think about and more efficient to talk about (Binder, Mattar,
Kirsh, & Fan, 2023; Wong et al., 2022; McCarthy, Matejka,
Willis, Fan, & Pu, 2024). These findings are compatible with
the notion that the need to be able to coordinate on shared
task representations under cognitive resource constraints can
lead to strong alignment between the contents of visual scene
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representations and the organization of plans for achieving
joint goals. More broadly, this work has implications for ad-
vancing our understanding of how visual computations relate
to reasoning, communication, and action, as well as the de-
velopment of AI systems that can effectively coordinate with
humans through shared representations.

Perceiving and reasoning jointly about the
social and physical world

Shari Liu
How do people make sense of other people, who are simulta-
neously psychological beings and physical objects? Across
the cognitive sciences, researchers have studied theory of
mind (making sense of other people’s behaviors in terms of
their mental states, or ‘naive psychology’) and physical rea-
soning (making sense of physical events in terms of their
underlying mechanics and dynamics, or ‘naive physics’), as
two separate processes. In this talk, I will describe two key
ways in which psychological reasoning depends on physi-
cal reasoning starting early in human development. First,
we represent animate agents as objects who act on and in a
physical world. Second, we use physical knowledge in or-
der to make inferences about other minds, including what
other people want, feel, and know, how hard they are try-
ing, and how much danger they are in. We review research
from developmental psychology (Gergely & Csibra, 2003;
Liu, Ullman, Tenenbaum, & Spelke, 2017; Gjata, Ullman,
Spelke, & Liu, 2022) and cognitive neuroscience (Pramod,
Cohen, Tenenbaum, & Kanwisher, 2022; Liu, Lydic, Mei, &
Saxe, 2024; Karakose-Akbiyik, Caramazza, & Wurm, 2023),
which provides evidence for the intersection of these two
systems, and Bayesian computational models of theory of
mind (Baker, Jara-Ettinger, Saxe, & Tenenbaum, 2017; Jara-
Ettinger, Gweon, Schulz, & Tenenbaum, 2016), which ar-
ticulate a formal hypothesis about how these two systems
work together (see also: Jara-Ettinger & Schachner, 2024;
Shu, Peng, Zhu, & Lu, 2021). We propose that from infancy,
we solve this ’commonsense mind-body problem’ by dedi-
cating two distinct but interconnected systems for perceiv-
ing and reasoning about ethereal minds and physical bodies,
grounded in a shared representation of the physical world.

How physics influences the perception and
representation of scenes

Kevin A Smith
How does our knowledge of physics affect what we per-
ceive? Much of the research into intuitive physics uses the
assumption that perception provides us with a noisy but rel-
atively unbiased and complete representation of our environ-
ment, which acts as input to a probabilistic simulator (Smith
et al., 2024). But recent findings have challenged that as-
sumption, showing, for instance, that we often fail to notice
when a block in a tower disappears from the scene (Ludwin-
Peery, Bramley, Davis, & Gureckis, 2021) or do not account
for the effect an object will have on the scene (Bass, Smith,

Bonawitz, & Ullman, 2022).
Here I will argue that perception acts in service of physical

reasoning, and so our intuitive physics impacts how we per-
ceive and represent the world around us. First I will show how
our mind selectively represents objects in the world that are
relevant for our physical simulations (Chen, Allen, Cheyette,
Tenenbaum, & Smith, 2023, in prep). I will then discuss on-
going work jointly modeling vision and physics that demon-
strates how physical reasoning can help disambiguate percep-
tual uncertainty about objects’ shapes and poses. Together
this suggests a framework in which perception and intuitive
theories work together to produce limited but powerful repre-
sentations of the world around us.
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