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Abstract

People are able to reason flexibly across a vast range of domains and contexts, from navigating new environments and
social situations, to playing new games and even betting on the outcomes of new sports. How do we draw on our
knowledge and past experiences to tractably make sense of any particular situation? Here, we explore the hypothesis
that people use a combination of distributed and structured, symbolic knowledge to construct bespoke mental models
tailored to novel situations. We propose a computational implementation of this idea – a ‘Model Synthesis Architecture’
(‘MSA’) – using language models as a stand-in for distributional knowledge and a probabilistic programming language
to express bespoke probabilistic symbolic models. We evaluate our model with respect to human judgments on a novel
reasoning dataset. Our “Model Olympics” domain comprises a series of “sports commentary” vignettes, and is designed to
test open-ended reasoning by requiring (i) reasoning about arbitrary causal structures described in language; (ii) drawing
in relevant latent considerations from background knowledge; and (iii) flexibly adapting to an ‘open world’ setting with
novel observations sourced from other human participants. We compare our MSA to hand-coded probabilistic programs
and LM-only baselines. We find that our approach captures key hallmarks of rational inference from human judgments
that the LM-only baselines do not, especially for very novel scenarios. See https://sites.google.com/view/openworld-
msa?usp=sharing for additional details and preprint.
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