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Core knowledge is a psychological theory that addresses age-old questions of what capacities
are present from birth (therefore a product of evolution) and what capacities are acquired
through experience. The central focus of this approach is whether uniquely human capacities
are evident early in development or whether the differences between human abilities and
those of other species emerge later in development.

To help people understand their uniquely human capacities, one goal of this theory is to
compare human cognitive capacities with those of other species to see where these paths
diverge. The key tenet of this approach is that underneath all the things that vary across
humans, there exists a set of perceptual and conceptual capacities common to everyone.
These core knowledge systems are innate mechanisms that do specific tasks.

Some examples of core knowledge domains across species are a songbird’s ability to learn a
song characteristic of its species, an ant’s ability to navigate a terrain in search of food and
then make a direct line back to the nest, and a human’s ability to acquire language. To
illustrate the ideas behind core knowledge theory, this entry describes two examples of core
knowledge domains and the research that supports these ideas. It then discusses the larger
question of how these findings lend new insight into what makes people so smart.

The Domain of Objects

Growing up, children never receive explicit instruction about how objects behave and interact,
yet they draw universally similar expectations. For example, they all expect unsupported
objects to fall down; they universally agree that hidden objects do not cease to exist when
they are occluded from view. Such expectations appear to be universal across age groups as
well as across individuals. Expectations about object knowledge are evident in other species
as well. Rhesus macaques expect an object to stop when it comes in contact with a wall and
not to pass through it. Humans and chickens have similar expectations about partially
occluded objects. These abilities may have a long history across generations and species and
are most likely the product of evolution.

Experiments with infants show that from an early age infants parse the visual array into
objects and events. As early as 2 months of age, infants expect objects to be permanent
(e.g., they do not blink in and out of existence) and that two objects cannot occupy the same
space at the same time (e.g., a ball cannot pass through a wall). Common to all humans,
objects are perceived as bounded, solid, continuous entities. Yet object knowledge abilities
are not fully mature at birth. Infants are active learners with powerful mechanisms of
associative learning and memory abilities that become integrated with core knowledge
systems.

These initial core knowledge representations are primitive and leave many aspects of object
knowledge undefined. With development, specifically through experience interacting with the
environment, infants learn which variables predict the outcomes of events more precisely. For
example, at 2 months of age infants already know that an object placed inside a container will
move with the container when the container travels to a new location because objects do not
pass through one another.

However, infants have not identified detailed variables such as how the height of an object
determines how much of it will be hidden inside a container. Experiments with 5-month-old
infants show that infants are not surprised if a very tall object is completely hidden in a short
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container. In contrast by 8 months of age, infants have gained more experience manipulating
objects in their environment and now expect that a tall object would be only partially occluded
if lowered into a short container. These findings provide evidence that the change in object
knowledge is one of elaboration and refinement.

Taken together, these examples reveal that knowledge about objects goes beyond the
information available in the environment in ways that are universal. The evidence from young
infants suggests that these inferences are made based on little or no experience.
Furthermore, infants have expectations that objects are cohesive and continuous. These
expectations emerge early in life and there is relatively little variation for these expectations
across species.

The Domain of Number

Similar to knowledge about objects, individuals also have knowledge about number. They can
tell that there is a difference between eight dots and 16 dots without counting. They can make
this judgment quickly and accurately. Many other species are good at making these types of
judgments, including nonhuman primates, rats, and pigeons. For example, monkeys have the
ability to represent and compare the approximate numbers of sets. This discrimination ability
appears to be based on analog magnitudes; the proportion rather than the absolute
difference between two values determines their discriminability.

For example, adults find it easier to discriminate 100 from 200 dots (1:2 ratio) than 200 to 300
dots (a 2:3 ratio) even though both comparisons differ by 100 dots. There are developmental
changes in the precision of this ability. Experiments with infants show that from as early as 6
months of age, infants can detect a 1:2 ratio change in large numbers (e.g., 4 vs. 8, 8 vs. 16,
16 vs. 32), but not a 2:3 ratio change. By 9 months of age, infants can detect a 2:3 ratio
change; the precision in detection increases to a 7:8 ratio in adults.

These numerical discriminations predict performance across a variety of stimuli, including
objects, tones, and actions (e.g., jumps of a puppet). These examples reveal the ability to
abstract numerical information across a variety of perceptual inputs, and all share a common
ratio-based signature. As with object knowledge, the developmental change in magnitude
judgments appears to be one of elaboration and refinement.

How Core Knowledge Systems Integrate With Other Cognitive Systems

The core knowledge domains share three characteristics. First, core knowledge is task
specific in that each system functions to solve a limited set of problems. For example, the
number system can discriminate quantities based on their ratio, but this is not equivalent to
the ability to count. The natural number system that supports counting is a complex
construction that requires integration from the object and number systems as well as
induction about the relation between number words and their referents.

Second, core knowledge domains are encapsulated in that each system operates with a fair
degree of independence from other cognitive systems. An advantage of encapsulation is that
core abilities are universal and are effortlessly acquired with very little experience. A limitation
of encapsulation is that these abilities lack flexibility and precision. Evidence supporting the
independence of core systems comes from neurological research identifying specialized brain
areas for processing this information as well as clinical studies showing that these domain-
specific abilities can be lost, whereas other cognitive abilities remain intact.
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Third, core knowledge is made up of a limited number of domain-specific systems that
constitute evolutionarily important abilities. There is evidence supporting domain-specific
systems of objects, number, agents and their actions, and geometry of the environment.

Goals for the Future

The core knowledge theory has been around for 30 years. In that time, how has it changed
insights about what makes humans so smart? The field started with the premise that whatever
it is that is special about humans should reveal itself in infants before the impact of social,
cultural, and educational experiences. The notion was that people should see the essential
differences between themselves and other species from the start. Over the past three
decades, it has been found that this initial premise was wrong.

On the one hand, infants have sophisticated knowledge that they build on over the course of
development. At the same time, research has discovered that there are striking similarities
between humans’ initial cognitive capacities and those of other animals. The expectations that
chickens have about objects and the number skills of nonhuman primates show that human’s
core cognitive abilities share many of the same signatures as other species.

The next step for the field moving forward is to use the comparisons between humans’ initial
cognitive capacities and those of other animals to see where these paths diverge. The
uniquely human ability may be grounded in using the core systems as a foundation for
building new cognitive skills. Perhaps the reason humans seem so smatrt is that other species
lack the ability to combine the input from various core knowledge systems. This ability creates
entirely new representation systems such as tool use, symbolic arithmetic, and navigating by
maps and landmarks.

See alsoCognition; Infancy; Knowledge; Language; Numeracy
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