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Abstract

Excess-capacity learning captures details that improve the stability and generalizability of what
is learned, but are those details always integrated into a single representation? Or are they
sometimes segregated into distinct, context-specific representations such as intuitive versus
scientific theories? Coexisting representations produce errors and inconsistencies in reasoning,
making it imperative to identify conditions that distinguish these two learning outcomes.

Cognitive scientists typically assume that experiences are stored as abstractions, with context-
specific details stripped away from core regularities, but Dubova and Sloman challenge this
assumption on two grounds: there is no neurological evidence that memory is so limited as to
require stripped-down representations, and there is no computational evidence that stripped-
down representations generalize to new situations better than fully detailed representations. In
fact, the opposite is often true.

These two factors motivate the possibility of excess-capacity representations, or representa-
tions that integrate the full range of details experienced within a domain, but they also motivate
the possibility of coexisting representations, or the construction of multiple representations that
segregate details by context (Bélanger et al., 2023). Consider our experience of the sun.We see the
sun rise in the east and set in thewest each day, implying that the sun orbits the earth. But we learn
in school that the earth orbits the sun and that it spins as well, constantly changing our view of the
sun. Are both sets of information stored as part of the same representation?

Probably not. We probably have two ways of representing information about the sun: a
geocentric representation that captures our everyday, earth-bound observations of the sun’s
motion and a heliocentric representation that captures our scientific knowledge of the sun’s
relation to other celestial objects. The possibility of storing two distinct representations of solar
information is not precluded by an excess-capacity approach to learning, but it does raise
questions about when this happens – when learning “rich and noisy experiences” yields one
complex representation or multiple, context-specific representations.

This question is important for at least two reasons. First, our experience of the sun is not
unique; many experiences lend themselves to distinct interpretations and, hence, distinct
representations. Our experiences with most natural phenomena – heat, motion, gravity, growth,
illness, or inheritance – are encoded using intuitive representations that are supplemented by,
rather than supplanted with, later-acquired scientific representations (Shtulman & Valcarcel,
2012; Shtulman, 2017).

Coexisting representations emerge in other areas of reasoning as well, including social
reasoning, where statistical beliefs coexist with stereotypes (Hammond & Cimpian, 2017);
probabilistic reasoning, where algorithmic strategies coexist with heuristics (Swaryandini et al.,
2025); evidential reasoning, where firsthand observations coexist with secondhand reports
(McCloskey & Zaragoza, 1985); mathematical reasoning, where naïve conceptions coexist with
expert ones (Stricker et al., 2021); and metaphysical reasoning, where natural explanations
coexist with supernatural ones (Järnefelt, Canfield, & Kelemen, 2015). Coexisting representa-
tions are usually established at different times, in different contexts, for different purposes, and
they tend to compete rather than converge when used to make inferences or inform decisions.

Indeed, another reasonwhy the question of pluralitymatters is thatmultiple representations
can cause cognitive conflict – conflict that yields inconsistent responses, inaccurate responses,
and response delays. Such problems are, in fact, the main evidence for coexisting repre-
sentations. They have been documented with tasks designed to elicit incompatible
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interpretations of the same stimuli across a variety of measures,
including statement verifications (Ellefson et al., 2026),
categorization judgments (Vosniadou et al., 2018), explanation
endorsements (Legare & Gelman, 2008), forced-choice compar-
isons (Potvin & Cyr, 2017), contextual priming (Harris &
Giménez, 2005), lexical priming (Preston & Epley, 2009), mouse
tracking (Murray et al., 2021), and neuroimaging (Allaire-
Duquette et al., 2021).

For example, in a statement-verification study, participants are
asked to make true-or-false judgments as quickly as possible for
statements like “the moon orbits the earth” and “the earth orbits
the sun.” The first statement is true on any representation of the
solar system, whereas the second is true on a heliocentric repre-
sentation but false on a geocentric representation. If participants
hold both representations, then responding to the second state-
ment should elicit cognitive conflict, and indeed it does: partic-
ipants are slower and less accurate when responding to statements
of the second type relative to the first.

These studies were originally conducted to demonstrate that
earlier-acquired representations are not replaced by later-acquired
ones, but they also demonstrate that these representations are
functionally distinct. And if they are distinct, then the details
associated with the earlier-acquired representation would not
contribute to the robustness or generalizability of the later-
acquired representation. Instead, they would constitute a different
pattern of generalization altogether – a pattern triggered by dif-
ferent contextual cues and prone to systematic error. Put differ-
ently, if the “noisy details” of an experience correspond to an
alternative interpretation of the experience, then encoding those
details in a separate representation would not only compromise the
robustness of the original representation but would also interfere
with a reasoner’s ability to make use of both representations, as
they would actively conflict with one another.

That said, Dubova and Sloman do not propose that all learning
results in excess-capacity representations, only some learning, and
they outline several considerations for assessing the likelihood of
forming such representations. Representational coexistence is
another consideration to add to the list.Many domains of experience
that could be represented holistically appear instead to be repre-
sented dichotomously, with details of those experiences segregated
by when they are learned, where they are learned, or how they are
interpreted at encoding. A sunset, for example, could be represented
as an occurrence of the earth rotating away from the sun and stored
with other heliocentric details about the sun, but it is instead rep-
resented as an occurrence of the sun moving behind the earth and
stored with other geocentric details, at least for most people.

Determining when and why learners establish two (or more)
representations of a domain is an empirical challenge on par with
determining the expressivity of particular learningmechanisms and
the capacity those mechanisms need to capture the details of
particular experiences. Dubova and Sloman’s analysis of the
computational demands of distinct learning regimes provides an
apt framework for studying not only high-capacity representations
but also coexisting representations – a recurrent feature of higher-
order cognition that went unappreciated and unexplored for dec-
ades given the ingrained assumption that learners extract a single,
optimally abstract representation of each domain they encounter.
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