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5
Core Cognition: Agency

Chapters 2 and 3 concerned core cognition of the physical world, the
world of distinct individual objects and physical constraints on their
motion and spatial relations. But the world of human infants is also social.
For us primates especially, predicting what others of our kind will do, and
influencing them to act in such a way that furthers our own interests, is
crucial for our survival. Selection pressures on understanding others so as
to be able to manipulate them (what has been called “the Machiavellian
mind”) may have been a driving force in the shaping of the human brain.
On this view, it would not be surprising that evolution bequeathed us
humans with core cognition of agents, agents’ interactions with each
other, and agents’ interactions with the physical world, articulated in
terms of representations of goals, information, and attentional states.

My review of the literature on infants’ representations of agents
closely parallels that of objects. First, I characterize the core domain,
detailing the concepts of agency that are at issue. I then sketch evidence
that infants represent the actions of agents as goal directed, and contrast
two different (and not mutually exclusive) proposals for the systems of
concepts that are deployed in these representations. I then consider the
competing empiricist hypothesis that the relevant innate representations
are perceptual, and that the infant learns concepts of agency through
some learning mechanism that operates over sensory and spatio-temporal
primitives. I then turn to a second aspect of agency—that agents are
capable of attending to and providing information about events and
things in the world, again sketching the evidence that infants represent
agents as such and countering leaner interpretations of the data I present. I
then examine whether core cognition of agency exemplifies other key
features of core cognition. Do the innate input analyzers that create
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representations of agency in infancy continue to operate throughout the
life span? Also, unlike core cognition of objects, which definitely extends
deep into our primate past, if not even further, how evolutionarily
ancient is core cognition of agency? I end with some questions unique to
this domain.. Is there more than one distinct system of core agency
representations, and if so, how are they related? And finally, I have a few
words to say about whether and in what ways the preschooler’s theory of
mind transcends core cognition of agency.

The Central Concepts in the Domain: Agency,
Goals, Information, and Attention

Causality in the domain of inert physical objects is contact causality.
Inanimate objects go into motion immediately upon and only upon
being contacted by another moving object, and change state only upon
being contacted by an object or by some source of physical energy.
Causality in the domain of agents has a different structure. Agents are
capable of self-generated motion and of resisting forces acting upon
them. This aspect of our concept of agency interacts with representations
of physical causality and is the topic of chapter 6. A second component of
causal attributions in the domain of agency concerns our explanations for
specific actions. We explain agents’ actions in terms of their goals and the
states of the world that facilitate or impede attaining these goals. We
monitor agents’ attentional focus, and expect (at least in the case of
people) agents to provide us useful information about the world.
Representations of goals and attentional states are aspects of intentional
attributions and are the concern of the present chapter.

On some analyses, intentionality is a relation between an agent and
the world that is characterized by aboutness; an agent’s intentional state is
about something in the world. On this analysis, having a goal is a para-
digmatic intentional state: the agent desires a state of affairs (that she get
the toy, eat the apple, and so on), and wanting or desiring is an inten-
tional relation between the agent and the world. Other relations between
agents and the world also display the relevant property of aboutness.
Agents attend to and perceive objects and events, and attending and
perceiving are other paradigmatic intentional relations. Agents also
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indicate objects in the world (through pointing, spoken language).
Referring is another paradigmatic intentional relation.

On other analyses of intentionality, intentional attributions necessarily
involve attributions of propositional attitudes to agents. We can see the
difference between the richer and leaner interpretations of intentional
agency by comparing how we think of light-seeking tropisms of plants and
cookie-seeking actions of children. Both are goal directed, but we attribute
to the child representations of their goals and beliefs about where cookies
are to be found (e.g., “she wants to eat a cookie” and “she believes cookies
are in the cupboard”), whereas we attribute neither to the plant. The full-
blown schema of intentional causality is clearly in place by age 3 (e.g.,
Bartsch & Wellman, 1995). The proposals for core cognition of intentional
agency stop short of attributing to infants explicit representations of
agents’ propositional attitudes (what they believe, what they want, what
they promise . . . ). Rather, the proposals for which I will argue credit the
infant with representations of agents, their goals, their attentional and
perceptual states, and their information providing activities. Sometimes
I use the term “intentional agency” to signal that I am attributing more
to the infant than representations of self-generated motion and action
(those aspects of agency related to physical causality), but I do not mean by
this that I am attributing representations of mental representations.

The debates reviewed in this chapter do not concern whether infants
are intentional agents. I have no doubt that they are, even in the strongest
sense. Infants form mental representations with symbolic content, and
their behavior is intentional, goal directed, and mediated by their repre-
sentations of the world. Rather, what is at issue is whether infants under-
stand intentional agency—whether the capacity to form representations
of themselves or others as intentional agents is part of core cognition.

Representations of Goal-Directed Action

Imagine the following scenario presented to you on a computer monitor
(see Figure 5.1). You are initially shown a stationary scene, depicted in
Figure 5.1a. The small ball goes into motion toward the gap in the screen,
and the large ball begins to follow it. The small ball goes through the gap,
which is too small for the large one to fit, and the large ball goes around,
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both balls then disappear out of sight at the edge of the screen (Figure
5.1b). How would you interpret this scene? If you represent it in
terms such as “follows,” “chases,” “tries to catch,” “flees,” “tries to
escape,” you are representing the large ball, the small ball, or both, as
agents. You are characterizing the goals of agents. It is also possible to
represent this scene entirely in terms of descriptions of the motions of each
ball—a purely spatio-temporal description of the paths each ball takes.
Indeed, Laura Wagner found that when adults describe this scene, their
language reflects both types of construals (although the agentive construals
are far more common). The question, though, is how infants construe
the scene.

Csibra and his colleagues (Csibra, Biro, Koos, & Gergely, 2003)
presented evidence that 6- to 12-month-old infants represent the large

A

C

B

D

Figure 5.1. Schematic depiction of habituation trials in Csibra et al., 1999. Reprinted
from Csibra, G., Gergely, G., Koos, O., & Brockbank, M. (1999). Goal attribution
without agency cues: The perception of “pure reason” in infancy. Cognition, 72,
237–267, with permission from Elsevier. The small ball goes into motion,
passing through the small gap in the barrier, then going out of sight. The large ball
appears to follow it toward the gap, then goes around the barrier before passing
out of sight.
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ball as having the goal of catching the small ball. In one study, they
habituated 12-month-old infants to this event. Notice that no completion
of the event is depicted during habituation; the infants are not shown
what happens on the far side of the barrier. At issue was whether infants
would infer the goal of catching. After habituation, test trials revealed
what happened behind the screen. Two endings were revealed: “catch-
ing” trials versus “passing trials.” In catching trials, the small ball stopped
and the large ball came to rest, touching it. In passing trials, the small ball
stopped and the large ball passed on by, passing off the screen as before.
Infants dishabituated to the passing trials, and generalized habituation to
the catching trails. Infants apparently had inferred the goal of catching
from the chasing event.

Wagner and I (Wagner & Carey, 2005) replicated this study, adding
two controls. In our study, infants in the chasing condition were habituated
to an event as in Figure 5.1. After habituation, they also were shown two
outcomes of this event in alternation. One was identical to the catching
outcome of the Csibra study; in the other, the passing outcome, the large
ball passed by the small ball, but stopped visibly at the edge of the monitor.
Thus, the two outcomes were matched in terms of the number of balls
visible at the end of the event. Again, infants generalized habituation to the
catching outcome, and dishabituated to the passing outcome.

Wagner and I also wanted to ensure that the outcome with objects
separated in space was not intrinsically more interesting than the outcome
with the two objects next to each other, but rather that infants found it
anomalous given their interpretation of the motion of the large ball as
goal-directed. We included a condition in which the motion of the
big ball would not be seen as chasing; the small ball went into motion,
and the big ball then came in from off screen, bounced off the bottom,
and then went off in the same trajectory as in the chasing event.
After habituation, infants were shown the two outcomes. Now they did
not differentiate the two. These experiments show that 12-month-olds
infer an end state in accord with an inferred goal of the large ball’s
actions. In other studies, Csibra and his colleagues (Csibra, Gergely,
Koos, & Brockbank, 1999) have shown comparable findings with
6-month-olds.

Amanda Woodward (1998) and her colleagues have provided con-
vergent evidence that young infants represent actions as goal-directed. In
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a typical experiment, Woodward habituated 5-month-old infants to a
hand moving across a stage and grasping one of two objects that were on
opposite sides of the stage. After habituation, the positions of the two
objects were reversed, and one of two new events was shown. In one
(same goal, different path), the hand took a different path to grasp the
same object (a different path, because the original object is now in a
different place). In the other, the hand took the same path as before,
grasping a different object from before. Apparently, infants had repre-
sented the original action in terms of its goal, and their attention was
drawn when the hand apparently pursued a new goal.

Several control conditions rule out the possibility that infants are
merely representing the final spatial relation between the hand and one of
the objects, dishabituating when the hand is touching a new object. In
one control, the hand was replaced with a stick with a multifingered
sponge at the end as the actor during habituation. In this case infants
dishabituated only in the same goal/different path condition. Apparently,
they did not reason about the motion of the stick-like entity as goal-
directed. Even putting the hand in a gold sparkly glove disrupts the
representations of these events as goal-directed for 5-month-olds.
Woodward (1998) also showed that actions of human arms and hands are
not always analyzed as goal-directed. If the arm just flopped down, hand
backwards, through the same path as before, the hand ending in contact
with the target, infants reacted as in the stick/sponge condition. They
dishabituated only in the different path/same goal condition. In these
three conditions (gold glove, stick/sponge, flopping arm), the spatial
relation at the end of each habituation trial was the same as in the grasping
condition: the object in contact with the target object. But it is only
when the action can be interpreted by the child as goal-directed that the
child dishabituates when the target of the action (rather than the path of
the motion) changes.

Two Proposals for the System of Representations Underlying
Infant Attribution of Goals

The Csibra, Gergely and the Woodward experiments all suggest that
infants represent some actions as goal-directed by 5 or 6 months of age
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(see Sommerville, Woodward, & Needham, 2005, for evidence in
3-month-olds). Very young infants are capable of goal attributions. What
system of representation supports these attributions?

Proposal 1: The Teleological Stance

Csibra, Gergely, and their colleagues argue that the teleological (i.e.,
goal-directed) interpretation of such events has a three-part structure (see
Figure 5.2): a representation of the goal, a representation of the physical
constraints on the action needed to attain the goal, and a representation of
the means for achieving the goal, given the constraints. Furthermore,
they claim that infants’ representations of the actions chosen to achieve
a goal are constrained by a “principle of rationality,” to wit the most
direct, least effortful, action to attain the goal, given the current envi-
ronmental constraints, should be chosen.

The study described above (Figure 5.1 and surrounding discussion)
shows that infants represent the goals of actions. In a variant of this study,
Csibra and his colleagues (2003) probed whether 12-month-olds’ repre-
sentations are constrained by the principle of rationality, and whether they
analyze the constraints imposed by the environment. They habituated

Satisfying well-formedness criterion

(Principle of rational action)

Behaviour Means

End
State

Physical
Context Constraints Goal

Observed Action Interpreted Action

Figure 5.2. The three-part structure of the teleological stance, according to
Gergeley & Csibra. Infants analyze behavior relevant to end states and the physical
context of the behavior. If the behavior is consistent with being directed toward an
endstate, taking into account the constraints of the environment, and following the
most efficient path, it is analyzed as goal directed, satisfying the rationality constraint.
Gergely, G., & Csibra, G. (2006). Sylvia’s recipe: Human culture, imitation, and
pedagogy. In S. C. Levinson & N. J. Enfield (Eds.), Roots of human sociality: Culture,
cognition, and human interaction (pp. 229 to 255). Oxford, UK: Berg Publishers Ltd.

Core Cognition: Agency 163



infants to the same beginning events as in Figure 5.1. The test trials
were identical to the habituation trials except for one change: the gap in
the barrier was enlarged, so that now the large ball could pass through.
The two test events consisted of the large object following the small one
directly through the gap (a rational action, given the goal of catching)
versus the large object following the same trajectory as during habituation.
The latter outcome violates the rationality principle. Given that the infant
understood the action of the large ball in terms of the constraint imposed
by the small gap, and expects the large ball to take the shortest path in
pursuit of the small ball, then the event in which the ball continues to go
around the barrier is anomalous. Indeed, infants looked longer at the
irrational event. It appears, then, that infants’ representations of this event
include a specification of environmental constraints and a specification of
the relative efficiency of means to attain goals. Their attention is drawn if
the less rational means are chosen.

Further evidence for this conclusion is provided by a study that
shows that infants infer an environmental constraint given evidence for a
nondirect path of motion. Csibra and his colleagues (2003) habituated 12-
month-old infants to the event depicted in Figure 5.3. After habituation,
the screen was removed, revealing a scene in which there either was or
was not a barrier in the path toward the goal. The large ball’s motion was
the same as during habituation. Infants looked longer at the event in
which the ball jumped over a nonexistent barrier. Again, this experiment
shows that infants’ representations of goals, means, and environmental
constraints on actions are tightly intertwined and constrained by the
principle of rationality.

One final study from Gergely’s group shows just how subtle infants’
reasoning about rationality is. The study built on earlier work by Andy
Meltzoff (1988), showing that 14-month-old infants imitate the means an
agent adopts in attaining a goal, even when the means are not obviously
rational. Meltzoff demonstrated for the infants that touching a panel with
one’s head would make it light up. A week later the infants returned to
the laboratory, and they imitated the means—they make the panel light
up by touching it with their heads, even though that is not the easiest way
to make bodily contact with the panel. Gergely and his colleagues sug-
gested that the infants might be reasoning as follows: if touching the panel
with hands would work, the actor would have done so, this being the
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more natural, efficient, and thus more rational action; therefore, it must
be necessary to use one’s head.

Gergely (Gergely, Bekkering, & Kiraly, 2002) showed that infants
were engaged in such reasoning by including a condition in which the
actor’s hands were obviously engaged when he leaned down and touched
the panel with its head. The actor pretended to be cold, was given a
blanket, and was clutching the blanket around himself when touching
the panel with his head. This condition was compared to one exactly like

Obstacle

No-Obstacle

Habituation

A

B

C

Figure 5.3. Schematic depiction of the experiment from Csibra et al. (2003),
showing that infants infer an environmental constraint to make sense of an action that
apparently violates the rationality constraint. Infants were habituated to a ball rolling
along a path and then apparently jumping while the path is hidden behind a screen
(A). During test trials, the screen is removed, revealing an obstacle on the path (C) or
no obstacle on the path (B), and the motion of the ball is repeated. Reprinted from
Csibra, G., Biro, S., Koos, O., & Gergely, G. (2003). One-year-old infants use
teleological representations of actions productively. Cognitive Science, 27(1), 111–133,
reprinted by permission of Taylor & Francis Ltd, http://www.tandf.co.uk/journals.
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that of Meltzoff’s experiment, in which the actor’s hands remain on the
table, beside the panel, when the actor touched the panel with his head.
Infants in the latter condition replicated Meltzoff’s findings—they also
touched the panel with their heads. But those in the first condition, in
which the actor’s hands were otherwise engaged, touched the panels with
their hands and virtually never used their heads. This study shows that by
14 months of age, the rationality constraint is used not only to predict
what an actor will do but it also guides the child’s causal analysis if the
actor acts in an inexplicably irrational way.

Gergely’s and Csibra’s proposed schema for the intentional stance has
no privileged representation of the agent. The goal is not explicitly
predicated of an agent, nor is there any relation between an agent and a
desired state explicitly represented. Rather, it is the action itself that is
represented as goal-directed. And indeed, Gergely’s and Csibra’s very first
experiments on infants’ teleological reasoning suggested that information
about the potential agency of the figures played no role in the teleological
attribution. In these studies, a ball sailed over a barrier and then nestled
against another ball on the other side of that barrier. In one condition,
there were ample cues to agency for the geometric figures; they went
from rest to motion on their own, they expanded and contracted in
apparent response to one another, and they reacted contingently to the
barrier. In the other, the circle appeared from off screen already in
motion and simply sailed over the barrier, stopping next to the other
circle. In both cases, infants’ reasoning about the subsequent behavior
of the figures was guided by the principle of rationality, and equally so.
That is, they apparently saw the action as goal-directed, in spite of
no independent evidence in the second case that the actor was an
independent agent.

Proposal 2: The Goal-directed Agent

Of course, we do not know from these results that infants did not
attribute the goal to agents. Rationality, after all, is actually a property of
agents, and goals are something agents have. Proposal 2 differs from
Proposal 1 in that intentional states (goals, attention, perception, refer-
ring) are predicated of particular agents. Consider again the event in
which the ball comes flying from off screen already in motion. There are
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two cues to goal-directedness in this task. The large ball always ends up
nestled next to the small one (equifinality). Furthermore, the screen
heights vary over three values during habituation, and the large ball
always clears them (variable paths, tracking environmental constraints).
But this event is perfectly ambiguous concerning whose goal it is—it
could be the ball’s, or it could be some other agent’s, an agent who is
throwing the ball. If infants are indeed assigning goals to agents in these
circumstances, then they should be sensitive to cues that disambiguate
these two possibilities. In a series of studies that I will describe more fully
in Chapter 6, Rebecca Saxe and I have explored this possibility, and
found evidence that indeed infants are concerned with assigning agency
in such studies.

Saxe (Saxe, Tenenbaum, & Carey, 2005) habituated 10- and 12-
month-old infants to real-live versions of the habituation events
described above. Infants watched as a figure flew in from offstage over a
screen, landing on the other side of the stage. The screens were of
variable heights, so the infants had evidence for variable paths, and for
equifinality—the figure always landed on the other side of the stage,
having cleared the screen. For present purposes, the crucial manipulation
was a familiarization period before these habituation events occurred.
During this period, babies were acquainted with the nature of the flying
entity. For half of the babies, the flying entity was a regular bean bag, and
infants had seen it resting on the stage floor motionless for 20 seconds
during familiarization. For the other half of the babies, the flying entity
was a furry brown puppet with googly eyes and two floppy legs, and the
infants had seen it moving around on the stage for 20 seconds during
familiarization. Then the experiment unfolded as in the original Gergely
experiments. Infants were habituated to the object’s flying over three
screens of variable heights, always landing in the same place on the other
side of the stage. After habituation, a hand appeared, either from the side
of the stage from which the bean bag/puppet had appeared or from the
other side of the stage. When the flying figure was a dispositionally inert
bean bag, infants looked reliably longer at the test events in which the
hand appeared from the side different from that from which the bean bag
had appeared during habituation, suggesting that they had interpreted a
person or hand as the source of the bean bag’s goal-directed motion. In
contrast, when the flying entity was the puppet, they did not differentiate
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the two sides, but rather looked longer when a hand appears at either
location, suggesting that they interpreted the puppet itself as the source of
its own goal-directed motion. Thus, assuming that the equifinality and
environmental constraints were sufficient to create goal representations in
our version of the experiment, it appears that infants do assign goals to
particular agents, although they, like adults, can see an event as goal-
directed even when there is ambiguity as to the intentional agent (see
Saxe, Tzelnic, & Carey, 2007, for convergent data with 7-month-olds).

Three other lines of studies show that infants are assigning distinct
roles to distinct actors in these teleological events. Phillip Rochat and
colleagues (Rochat, Striano, & Morgan, 2004) showed showed that
infants as young as 3 months of age discriminate displays that consist of
one disk “chasing” another from motion of the two disks in which the
motion of one is independent of the motion of the other. Of course, this
shows only a sensitivity to contingency, not that the infant interprets the
events as consisting of one object’s chasing another. Adapting an
experimental logic first introduced by Alan Leslie (see chapter 6), Rochat
habituated 5-, 7- and 9-month-old infants to the chasing events, in which
the disks differed in color. For example, the chaser might be red and the
quarry blue. After habituation, the colors were reversed. After reversal,
the overall contingency and spatio-temporal relations between the fig-
ures was the same as before. Nine-month-olds, and 7-month-olds to a
lesser extent, dishabituated to the reversal, as if they had assigned different
roles to the chaser and to the quarry.

Supporting this conclusion, Anne Schlottman and Luca Surian
(1999) habituated 9-month-old infants to a “reaction event.” A green
rectangle inched toward a stationary red rectangle, with a motion similar
to that of a caterpillar. Before the green rectangle reached the red one,
and also before the green rectangle stopped moving, the red one inched
away. Adults see this display as the red one fleeing the green one, an
intentional attribution. However, if the green rectangle stops before
reaching the red one, and there is a pause before the red one goes off, the
event is not seen as one in which the red rectangle is fleeing the green
one. Thus, this “nonreaction” event provides a control for the reaction
event—if infants are responding to the spatio-temporal relations alone
(first the green one moves, then the red one moves), then a reversal of the
event should be equally interesting in both cases. Infants in the reaction
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event condition dishabituated when the roles were reversed (the green
one flees the red one), but those in the nonreaction event condition did
not (first the red one moves and then the green one moves). It seems,
then, that 9-month-olds represent the reaction events in terms of
intentional agency, assigning different intentions to the two actors. These
data provide convergent evidence for Rochat’s conclusion that the
7- and 9-month-olds in his role-reversal experiment are seeing chases in
terms of agency. They also provide convergent evidence that infants
assign goals to particular actors—if there were merely representing the
teleological structure in the reaction event (there’s chasing going on),
they would not dishabituate when the roles were reversed, because the
teleological structure of the overall event remains the same.

Finally, a recent series of studies by Valerie Kuhlmeier, Karen Wynn,
Paul Bloom, and their colleagues (Kuhlmeier, Wynn, & Bloom, under
review; Hamlin, Wynn, & Bloom, in press) show how rich infants’ repre-
sentations of agents can be. Infants represent second-order goals—whether
one agent’s goal is to help or hinder a second agent’s attaining its goal—and
they make differential attributions about the helper and the hinderer. In
these experiments, a geometric figure with eyes (e.g., a red half-circle) is
trying to get up a hill, as shown in Figure 5.4. It makes it to the first plateau,
and partly up the second hill, before falling back to the plateau. Then, on
half of the habituation trials, one of the other geometric figures with eyes
(e.g., a yellow triangle) comes down and gently pushes the figure up the
rest of the second hill. In these trials, the yellow figure is the helper. On the
other half of the habituation trials, the other figure (e.g., a blue square)
positions itself between the top of the hill and the figure, and gently pushes
it all the way down to the bottom. This blue square is the hinderer.

In a series of studies with this basic design, some involving animations
and some involving live action, infants as young as 6 months of age
distinguish the helper and the hinderer. Their attention is drawn in test
trials if the original figure approaches the hinderer in preference to the
helper; and if they are themselves given a choice to pick up or touch
either the yellow triangle or the blue square, they choose the helper, not
the hinderer. That is, they prefer the helper and they expect the figure
whose goal it was to reach the top of the hill to also prefer the helper.

I conclude that by 6 months of age, infants make rich attributions of
goals to agents. They represent goal-directed actions in terms of the
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teleological schema depicted in Figure 5.2. In addition, they assign goals
and even dispositions to particular actors, and their interpretations of
subsequent events are constrained by these dispositional attributions.

Conceptual Representations of Agency or a Leaner
Interpretation of the Data?

In some of the above experiments, the actors are geometric figures with no
bodily features of agents. In these cases, no evidence concerning the goal-
directedness of their actions is provided by the nature of the entities
themselves. These objects do not look like known agents; they are not
people or animals. Apparently, there is sufficient information in the spatio-
temporal properties of these events to support the teleological interpre-
tation. As input to their analysis of the scene, viewers have only the
trajectories of the objects, the spatial layout of the environment, and the

Triangle Helps Movie

Square Hinders Movie

(1) (2) (3)

(1) (2) (3)

Figure 5.4. Schematic depiction of habituation trials from Kuhlmeier et al. (under
review): a: the circle apparently attempts to climb the hill, not succeeding to make it
all the way up, b: on ‰ of the habituation trials, the triangle comes down behind the
circle and apparently helps it up the hill, and c: on ‰ of the trials the square positions
itself in the way of the circle and apparently pushes it down, causing it to go all the
way down to the bottom.
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contingencies between the objects’motions with respect to each other and
with respect to the environment. Just as spatio-temporal relations between
the movements of perceived surfaces are sufficient to cause the repre-
sentation of one or two numerically distinct 3-D objects (see chapters 2
and 3), a spatio-temporal analysis of such events as those shown in Figures
5.1, 5.3 and 5.4 supports attributions of goal-directed actions, and of
agents and their dispositions. Although spatio-temporal information is
sometimes sufficient input to the mechanism that computes teleological
descriptions of these events, representations of goals and means, agents,
helping, hindering, chasing, fleeing, and computations of rationality go
beyond the spatio-temporal description of the scene, and they cannot be
reduced to a spatio-temporal vocabulary. The motions could be charac-
terized entirely in spatio-temporal terms—in terms of the trajectories of
each figure relative to the others, and to those of each other. Nowhere in
these descriptions would we find concepts such as goal.

Thus, infants’ representations of agents are conceptual in just the same
sense as their object representations are. They cannot be expressed in terms
of spatio-temporal primitives, and as documented above, they have a rich
infererential role. Of course, the claim that infants’ representations are
conceptual depends on our being correct in attributing to them concepts
of goal, means, agent, chasing, helping, and so forth. It is always possible
that infants are merely representing regularities in the motions. Perhaps
infants have learned generalizations about motions: if an object repeatedly
follows a given path, it will do so in the future, unless there is a change in
the environment that permits a straighter path between the starting point
and the end point; objects cannot pass through gaps in barriers that are
smaller than they are; objects go around or over other objects (owing to
the solidity constraint). Could the infant’s looking-time patterns in these
experiments reflect violations of expectancies formulated directly in terms
of the paths of motions themselves? Call this the “lean” interpretation of
experimental results such as those reviewed above.

Perhaps the lean interpretation is correct, but I doubt it. How often
have infants seen objects jump over barriers much larger than the objects
themselves are? How often, really, have infants seen objects begin with
the trajectories as shown in Figure 5.1 and end with one object next to
the other? One problem with the lean interpretation, on which infants’
expectations reflect learned regularities of patterns of motion, is that one
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has to explain how the child focuses on just these regularities. If the
infant’s reasoning is guided by the three-part representation of goals,
actions, and environmental constraints depicted in Figure 5.2, and by the
distinction between agents and dispositionally inert objects, then this
problem becomes much more tractable.

Furthermore, evidence concerning interrelations among different
aspects of intentional attribution strongly suggests that infants represent
events in terms of agency. First, the inferential role sketched in the
previous section provides strong evidence for the rich interpretation.
Second, several of the studies reviewed above show that the features of
the actor do matter. Independent cues to intentional agency are inte-
grated from as early as we have evidence that infants are making inten-
tional attributions at all. Remember Woodward’s findings that the
motion of a figure across the stage and making contact with a given
object is interpreted as a goal-directed action only if the object is a
normally reaching and grasping hand. This shows that by 5 months of
age, infants have identified “grasping by a human hand” as a special case
of agentive action, and that they use this schema to supplement the
spatio-temporal and contingency information in these events (which is
identical across the grasping hand, flopping hand, stick/sponge, and
golden glove conditions).

Not only is information about an agent’s kind sometimes taken into
account as infants attribute goals to a behaving entity, but agent-specific
information is also considered as infants assess rationality. This was shown
by infants’ taking into account whether there was an explanation (the hands
were occupied) for why the person turned on the light with her head rather
than with her hands in the Gergely experiment described above.

In sum, several forms of evidence support the view that infants
represent goals as goals of particular agents. From as early as when infants
create representations of goals from patterns of motion and contingent
interaction, they notice if the roles of particular players within the sce-
nario shift, even if the patterns of motion and contingency remain
constant. Second, equally early in development, infants draw upon
cognition of particular kinds of agents as they build representations of
goal-directed action in three different ways: (1) in assigning agency to
the moving entity itself or to the source of that entity’s motion, (2) in
assigning goal directedness to an action at all, and (3) in interpreting what
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is rational. Some of these phenomena are observed at 5 to 7 months of
age—as young as these methods yield systematic results. That the
representations are sensitive to multiple sources of information outside of
the spatio-temporal features of the events supports the claims that the
representations of these events go beyond the vocabulary of the lean
interpretations—that is, go beyond the vocabulary of perceptual pri-
mitives.

Another type of integration within the domain of intentional agency
also supports the richer interpretation. In addition to representations of
agents’ goals, infants represent agents as indicating, communicating
about, and attending to objects. Insofar as representations of these aspects
of intentional agency are integrated with those of agents’ goal-directed
behavior, the rich interpretation of both types of representations is bol-
stered. But before considering evidence for the integration of the two
aspects of representations of intentional agency, I must make the case that
infants represent agents as referring to objects in the world.

Attention/Perception/Reference

Imagine the following scenario: you are engaged in intense conversation
with a person sitting across the table from you, and she mentions “the
book on the table.” Her language has content; it refers to something in
the world, and you take what she subsequently says to be about the book
you decide she is referring to. You are making a referential attribution, as
well as an attribution that she is providing information about the book.
Suddenly, the person disengages and turns and looks to the side. You
follow her gaze. Why? If you are seeking what she is looking at, you are
representing her attentional state, as well as representing hat she is looking
at and perhaps seeing something. That is, you interpret her look as having
content, as being directed at something in the outside world. Similarly,
she points and you follow her point. Why? If you are seeking what she is
pointing at, again you are assuming that she is referring to something and
perhaps about to provide information about it. When we represent others
as using language referentially, attending to something, pointing or
looking at something, we take these actions as being about something in
the world, and in this sense as intentional.
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There is decisive evidence that infants in their second year of life
(12 to 24 months of age) make this type of intentional attribution. As we
shall see, there is good evidence that infants in the first year of life do so as
well. Perhaps the clearest manifestation is the toddler’s understanding of
language as referential. “Cat” refers to cats, and there is much evidence that
toddlers know this. Dare Baldwin’s (1991) work on 15- to 18-month-olds’
interpretation of newly heard words provides one striking demonstration
that this is so. Baldwin presented toddlers with a novel object, an object
that they knew no name for. She waited until the child was looking at the
novel object, and then said “Look at the toopa,” using a novel word. The
experimenter, however, was looking into a bucket at that moment.
Baldwin assessed whether the child mapped the word to the object the
child was examining. Toddlers of both ages, 15 and 18months, looked up
at the experimenter’s eyes as soon as they heard the novel word, as if they
were checking what the experimenter might mean. And the older infants
established a mapping between the novel word, “toopa,” and the object in
the experimenter’s bucket, even though they had never seen that object
before and never saw it at the same time the word was spoken. These data
show that children at both ages assume word usage to be referential; one
must establish what a person is indicating in order to know what a newly
heard word means, and what that person is looking at when using the term
provides relevant information. The relation between words and entities in
the world is not merely one of associative pairing; the child does not make
an associative mapping between a novel object and a novel word heard
when the child is attending to that object. Another person’s word usage
and looking behavior must be integrated in order to establish what that
person is referring to.

Recently, Melissa Preissler and I (Preissler & Carey, 2004) provided
convergent evidence for Baldwin’s conclusion that by 18months, at least,
the mapping infants establish between words and objects is referential,
not associative, and we extended this conclusion to the relations between
pictures and objects. Preissler taught 18-month-old toddlers a new word,
“whisk,” by repeatedly pairing it with a picture of a whisk: “This is a
whisk. Can you show me the whisk, point to the whisk . . . ?” After the
child had learned to pick the picture of the whisk from among pictures of
familiar objects, and also from pictures of unfamiliar objects, the child was
given a choice between the picture of a whisk and a real whisk, and asked
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to “show me the whisk.” If the child had learned an associative pairing
between the word and the picture of the whisk, he would be expected to
choose the picture. The child might also pick the real whisk, generalizing
the association on the basis of perceptual similarity. However, if he knew
that words refer to objects, and also that pictures do, the child would
assume that the initial teaching concerned what “whisks” are—namely,
the object depicted in the picture. In this case the child would be
expected to pick the real whisk, although he might also sometimes pick
the picture because we do use language that way—calling a picture of a
whisk “a whisk,” not “a picture of a whisk.”

The toddlers’ responses fell into the second pattern. They always
(100% of the time) chose the real whisk, even though they had never seen
one before and had not heard it paired with the word “whisk.” They also
sometimes included the picture (40% of the time). Control trials showed
that it was not the salience of the real object that drove the responses;
given a picture of a whisk and a different novel object, and asked to
indicate the “whisk,” they invariably chose the pictured whisk. Exactly
the same pattern of responses was also observed in 24-month-olds.

These results will not surprise any parent, but their theoretical import
bears further discussion. When we show a toddler a picture of a zebra in a
book and call it a “zebra,” we assume that she knows that the word refers
to the real animal. Likewise, when we say, indicating the picture, “We
can see a zebra in the zoo,” we do not think that the child thinks we will
see a picture of a zebra in the zoo. Preissler’s data, along with Baldwin’s,
show that our assumptions are right. By 15 to 18 months of age, at least,
toddlers understand the intentionality behind language use: words and
pictures are analyzed as symbols. They refer to objects; they are not
merely associatively paired with objects.

Gaze-Following, Pointing, and Joint Attention

The phenomona of gaze-following, pointing and showing provide fur-
ther evidence concerning when infants represent agents as seeking
or providing information about the world. By 9 to 12 months of age,
children hold up objects for others to look at, checking back and forth
between the others’ eyes and the object they are apparently attempting to
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bring to their attention (see Tomasello, Carpenter, Call, Behne, & Moll,
2005, for a recent review of the literature on shared attention). Most
researchers agree that such behavior reflects an intentional attribution on
the part of the infant: the infant is attempting to get the other to attend to
an object and is monitoring success. This behavior presupposes that the
infant represents others’ as attending to objects. But what of younger
infants, those who merely follow the gaze or points of others but who do
not yet point to or hold up objects to indicate them?

We know that in normal face-to-face interaction, infants begin to
follow the gaze of others at around 6 months of age, and reliably do so
by 10 months or so. Point following begins a few months later. Bruce
Hood and his colleagues suggested that even younger infants might
have the competence to follow another’s gaze, but this competence might
be masked by very young infants’ poor control of their own attentional
resources. To turn to look where the communicative partner is looking
requires the infant to disengage attention from the partner. However,
infants below 6 months or so have great difficulty disengaging from an
attended object. To test the hypothesis that difficulty disengaging from an
attended object masks competence in following gaze, Hood (B. Hood,
Willen, & Driver, 1998) displayed a photograph of a face on a computer
monitor in front of an infant. The eyes were centered, as if the face were
looking at the infant, and it blinked for 1 second. The eyes then shifted to
the left or the right and held their position for 1 second, after which the whole
face disappeared (see Figure 5.5). At that point, an object appeared, to either
the left or the right side of the monitor. This sudden onset of a new object in
peripheral vision, with nothing attended to centrally, would of course draw
attention. The question was whether the shift in eye gaze of the face on the
monitor had led the infant to begin to shift attention even before the face
disappeared. If so, the reaction time to shift gaze to the peripheral object
would be faster and more reliable when it appeared on the same side as the
eyes gazed toward. This is what was observed, and the youngest infants in the
study were only 2 to 4 months old. Consistent with the hypothesis that
previous failures to observe gaze-following in infants this young reflect infants’
difficulty in disengaging attention, infants failed if the face stayed in place; they
often did not even shift their gaze to the new object when it appeared

Perhaps the response was just to a direction of movement—the eyes
shifted from center to left, and if the object appeared on the left, infants
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shifted their gaze to it more quickly than if the object appeared on the
right. To check that any congruent movement would not yield the same
pattern of results, Hood et al. ran a condition in which the initial view of
the face had a tongue protruding centrally, accompanied by opening and
closing of the mouth instead of blinking, and instead of an eye-gaze shift,
the tongue moved to the extreme right or left of the mouth before the
face disappeared from the monitor. There was no congruency effect in
this case. Thus, these experiments establish that by 2.5 months of age,
infants shift attention in the direction of another’s gaze.

Rich or Lean Interpretation of Infant Gaze-Following?

Although we may all agree that very young infants shift attention in the
direction of another’s gaze, we certainly will not agree on what this
behavior reveals about the mind of the young baby. When the child
follows another’s gaze or point, does the child make an agentive

1,000 ms cycle
of eye blink 
until trial start

1,000 ms 
deviated
gaze cue 
(incongruent)

Probe

Figure 5.5. Design of Hood et al. (1998). Reprinted from Hood, B., Willen, J. D.,
& Driver, J. (1998). Adults’ eyes trigger shifts of visual attention in human infants.
Psychological Science, 9(2), 131–134, with permission from Blackwell Publishers.
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attribution (namely, that the other is looking at or indicating something)?
This is the rich interpretation of gaze or point following behavior.
Alternatively, the behavior might merely be a conditioned response
(follow the gaze or follow the point and something interesting will be
found), or there may simply be an innate reflex to follow the gaze of
another—one that does not imply any understanding that the other
person is looking at or attending to something. Both of these lean
interpretations (that the behavior is a conditioned response or an innate
reflex) deny that gaze- or point-following behavior indicates that the
infant attributes information-seeking states or information-imparting
states or attentional states to the agent.

Hood’s demonstration of gaze-following at 2‰ to 3 months of age is
certainly consistent with the lean interpretation that this behavior is
merely an innate reflex. The learned conditioned response alternative
seems less likely, given the difficulty children at this age have in disen-
gaging attention, making it difficult for them to learn that if they follow a
gaze, something interesting will happen there. Notice that the hypoth-
esized sensori-motor reflex itself has some of the properties of core
cognition. It requires representations that identify eyes, such that a shift
in direction of the eyes may trigger the child’s shift in attention in the
same direction. Any innate reflex involves representations, and so the
content of those representations is an open scientific question. It seems
likely that these would include both eye and face. Indeed, we know that
even newborn infants have representations of faces; they preferentially
attend to faces over other stimuli of comparable complexity and they
imitate facial gestures of others, producing the same gesture themselves
(Johnson & Morton, 1991; Meltzoff & Moore, 1994, 1999). Thus, this
hypothesized “reflex” requires innate input analyzers and representations
with content that go beyond mere perceptual and spatio-temporal
vocabulary. But if the reflex hypothesis is correct, these representations
do not provide evidence for core cognition of agency. Certainly, with
respect to attribution of agency, a lean interpretation of this behavior
is plausible. I know of no other converging evidence that would lead
us to credit the 2-month-old infant with a representation that the other is
looking at or attending to something. In other words, the representations
that underlie the infant’s shift of attention may well have the content
“look there,” rather than “look for what the other is looking at.”
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But although the lean interpretation is plausible, a richer interpre-
tation is also possible, and several lines of evidence lead me to favor it. As
we shall see, the ability to interpret gaze referentially has a long evolu-
tionary history, and it has a dedicated neural substrate. Cells in the
monkey’s superior temporal sulcus respond selectively to direction of
perceived gaze, and lesions in the homologous area in human adults
disrupt their capacity to tell what others are looking at (Campbell et al.,
1990; Perrett et al., 1985, 1990). Of course, that the capacity to detect
direction of gaze has a dedicated neural substrate does not tell us what the
content of the representations it computes are, but as we will see below,
there is good evidence that monkeys and chimpanzees use eye gaze to
infer others’ attentional states.

Simon Baron-Cohen (1995) argues that the fact that people with
autism show a selective deficit at making intentional attributions from eye
gaze supports the existence of a specialized system of core cognition in
normally developing people. He has shown that people with autism
(even adults, in some circumstances) can tell you what direction eyes
are pointed, but they cannot tell you what the person is looking at,
what the person wants, or what the person is referring to with a label.
Normal 3-year-olds effortlessly make all of these intentional attributions
from eye gaze.

Whether or not we accept Baron-Cohen’s arguments that the
existence of selective deficits supports the existence of specialized rep-
resentational systems (see Karmiloff-Smith, 1998, for a counterargu-
ment), can we decide between the richer and the leaner interpretations of
infant gaze following on the basis of data from human infants? Two types
of considerations are relevant, just as in the case of object representations.
First, the more representations of eye gaze are integrated with other
reflections of representations of agency, the more likely the rich inter-
pretation becomes. Second, we must consider learnability. Once we
grant that infants of a certain age represent agency, if we think that
younger infants do not, and if we think that the capacity to do so is
learned, we must be able to specify, at least in principle, a learning process
that could do the trick.

Early in infancy, the representations that underlie gaze-following are
integrated with other representations of agency. Infants much younger
than those in Baldwin’s word-learning studies monitor others’ attentional
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focus in communicative situations. As mentioned above, by 9 months of
age, some infants try to get communicative partners to attend to objects
they are attending to, and they actively monitor that their partners are
looking at what the infant is indicating. This behavior goes beyond a
reflex (or conditioned response) to look in the direction of a shift of gaze,
and it suggests that the infant’s attempts at communication are guided by
an appreciation establishing that joint reference is necessary. By this age,
infants appreciate that looking at, or attention, has content.

Similar phenomena are observed in the communicative situation
called “social referencing.” By 9 months of age, infants look to com-
municative partners when placed in novel situations, such as a visual cliff
(an apparent drop-off in depth, visually, but a clear Plexiglas surface) or a
novel object. They monitor the partner’s expression. If the partner
exhibits fear or disgust, they do hold back; if the partner is happy and
encouraging, they explore the novel situation. Using the same logic as in
her word-learning studies cited above, Dare Baldwin and Lou Moses
(1994) showed that by 9 months of age, in social-referencing situations,
infants know that expressions of fear and disgust have content—one is
afraid of something or disgusted by something. They showed that infants
monitor where the mother is looking when she expresses fear or disgust.
If the infant is looking at a novel object when the mother expresses
disgust, the infant immediately looks to the mother’s eyes. If the mother
is looking elsewhere, the infant does not assume that the object he or she
was looking at when the mother said “Oh, yuk” in a tone dripping with
disgust is disgusting. Emotional terms have content; one is disgusted by
something, and where the eyes are pointed is relevant to establishing
what that something is.

Recent studies by Yuyan Luo and her colleagues provide evidence
that infants integrate representations of an agent’s attentional focus with
representations of that agent’s goals by 6-months of age. These important
studies begin with an observation that forces a slight reinterpretation of
phenomenon tapped in the Woodward reaching paradigm. Luo and
Baillargeon (2005; see also Song, Baillargeon, and Fisher, 2005) showed
that infants’ look longerwhen an agent approaches or reaches toward a new
goal object in Woodward’s paradigm only if both potential goal objects
were present during the familiarization/habituation trials. Apparently,
infants interpret those familiarization trials as providing evidence
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concerning an agent’s preference between two objects, rather than pro-
viding evidence merely that the agent has a goal to reach for a particular
object. This is actually quite rational. If you see me reach 9 times for an
apple when I have a choice between an apple and a banana, you would be
warranted in concluding I prefer the apple and might be surprised if on a
10th trial I reached for the banana. But if you see me reach for an apple 9
times when it is the only food present, you might have no prediction
about what I would want when given a choice between an apple and a
banana.

Luo asked whether infants understand that an agent can express a
preference between two objects only if he or she can perceive both of
them. In two studies (12-month-olds: Luo and Baillargeon, 2007;
6-month-olds: Luo and Johnson, in press) Lou found evidence that this
is so. In each of these studies infants watched as an agent reached
repeatedly and grasped one of two goal objects visible to the child on the
stage. However, if one these two objects was not visible to the agent
(because the agent had her back to it, or because it was blocked by a
barrier that prevented the agent, but not the infant, from seeing it), the
child reacted as in the one-object conditions described above. That is, the
child did not look longer when the agent now could see both objects
and reached for the one that they had not reach for during familiarization.

These experiments show that 6- to 12-month-olds understand what
John Flavell called “Level 1 perspective taking.” That is, infants appear to
understand that an agent can see an object only if there is a direct line of
sight between the agent’s eyes or face and the object in question.
Contrary to the lean interpretation of infants’ gaze following, these
studies establish that infants understand that attention/perception pro-
vides the agent with information about the world, and that the infor-
mation available to an agent is relevant to that agent’s preferences and
goals.

Finally, 9- to 18-month-old infants infer more than attentional
content and predictions about future goal seeking behavior from people’s
gaze and emotional expression. If an adult playing with an infant engages
in activities that are ambiguous with respect to the intentions, the infant
looks to the adult’s face. For example, if the infant is playing with an
object, the adult might cup her hand over the infant’s hands, preventing
motion. Is this a game, a tease, or is the adult communicating that there is
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something dangerous? Or if the infant is reaching for an object, the adult
may pull it away just as the infant is about to grasp it. Again, the adult’s
intentions are ambiguous. These interactions may be contrasted with
unambiguous activities, in which the adult merely offers and gives infants
interesting objects. In the cases of the ambiguous actions, but not the
unambiguous ones, even infants as young as 8 months look to the adult’s
faces, specifically his or her eyes. Infants are apparently trying to read the
adult’s intentions (is this a game or something else), not just the adult’s
attentional focus.

Thus, very shortly after infants have control of their own eye gaze
(i.e., can voluntarily control where they look), they seek information
from where others are looking to make intentional attributions. They
look to another’s gaze to establish what that other person was afraid of
or disgusted at, what that person can see, whether that other person is
attending to what the infants are showing them, and to glean some
information about that other person’s intentions in ambiguous situations.
By this age, representations of where others are looking have a much
richer inferential role than merely directing the infant’s attention in a
reflex manner.

Lean and Rich Interpretations of Gaze-Following—Entities
Without Eyes

Both of the lean interpretations of gaze-following (innate reflex, con-
ditioned response) assume that the input to the reflex or learned associ-
ation is a human face or eyes. But as we saw above, at least in the case of
goal attribution, infants and adults reason about the motions of geometric
figures, entities without faces or eyes, in terms of the goals of their
actions, the environmental constraints, and a principle of rationality. If
goal attribution and reasoning about perceptual and attentional states are
truly integrated, then infants should reason about the attentional states of
entities without eyes or faces as well, and the stimulus characteristics that
lead infants to attribute goals should also lead them to attribute attention.
What little work there is on the stimulus characteristics that elicit
representations of actions as goal-directed suggests that they involve
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contingency between the actors and the environment. Is the same
information used in the attribution of attentional states as well?

Susan Johnson, Virginia Slaughter, and I (1998; following earlier
work by Movellan & Watson, not published until 2002) asked whether
evidence of communicative contingency between a baby and a robot
would be sufficient for the infant to attribute that the robot was capable
of attending to objects in the world. In other words, would infants follow
a shift in the attention of a faceless or eyeless robot? If so, under what
circumstances? The experiment ran as follows: infants were seated on
their mothers’ laps facing a stuffed robot. The robot was asymmetrical
and initially “facing” to the side; it had a light on the top of its highest
part. An experimenter faced the robot, said “Hi,” upon which the robot
“answered” with a single tone. The experimenter then said, “How are
you?,” upon which the robot “answered” with a three-tone sequence.
The experimenter then waved, and the robot flashed the light in
response. The robot then turned 90 degrees, so that the same side that
had been facing the experimenter now faced the baby.

A 1-minute period ensued such that any vocalization the infant made
was answered by the robot, and any hand or foot motion of the baby was
answered by a light flash. This was a low-tech robot—hidden experi-
menters watching the baby controlled the sounds and light flashes. After
this minute, the robot “turned” 45 degrees to the left or to the right,
“looking at” objects on the wall to the left or the right of the baby. The
dependent measure was whether the baby followed the robot’s “atten-
tion.” (Remember, there is no gaze to follow here; the robots lacked
faces or eyes.) The answer was yes, and just as much as in a comparison
condition in which infants were interacting with a communicative
partner who was a human being.

Data from a control condition established that the infants were not
simply following the turning of the robot. A second condition was a
yoked control to the first; the babies saw the same introductory events.
After the robot turned to face the baby, the robot’s actions (sounds made
and light flashing) were not contingent on the vocalizations or arm/leg
motions of that baby, but were rather those that had been contingent on
the actions of the previous baby. Thus, infants in the yoked control group
saw a behaving robot, indeed, exactly as much behavior as the experi-
mental group they were yoked to. However, when the robot turned 45
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degrees, the infants in the yoked control group did not turn to follow its
“gaze.” The robot must respond contingently to the baby for the infant to
represent the turning of the robot to reflect a shift in the robot’s attention
or the robot’s attempt to draw the child’s attention to something new.

Two other conditions established that the presence of a face is also
sufficient to elicit gaze-following. In these conditions, the robot had a face
on the front of the highest protuberance. The light on the top of the head
was removed, and now the eyes flashed in response to hand or legmotions.
Not surprisingly, the infants in the contingent reaction group turned to
follow the gaze of the robot. Indeed, the degree of gaze-following was
identical whether the entity was a person, a contingently responding robot
with a face, or a contingently responding robot with no face. Importantly,
in this condition, the infants in the yoked control group also followed the
gaze of the robot—a noncontingently responding entity that made sounds,
had flashing eyes, and had a face. Again, the degree of gaze-following was
identical to the other three conditions. Apparently, agents capable of
attentional states may be identified in two different ways: by analyzing their
behavior and from the presence of a face and eyes. These two cues to
agency are not additive—the degree of gaze following to a contingently
responding robot with a face or to a contingently responding person with a
face was no greater than to a contingently responding robot without a face,
or a behaving, but noncontingently responding, robot with a face. The
failure of the infants to follow the gaze of the faceless robot whose behavior
had not been contigent on the baby’s behavior tells us that under these
conditions at least, contingency is important for the attribution of the
referential/attentional aspects of agency. This robot behaved, and even
moved on its own; it turned on its own. Even the experimenter’s brief
modeling of communicating with the robot was not sufficient.

These data support the richer interpretation of gaze-following for two
reasons. First, neither lean interpretation (learned association between gaze
shift and something interesting in the direction of the gaze, reflexive
following of gaze shift) can explain the gaze-following of the faceless or
eyeless contingently responding robot. Second, this experiment provides
further evidence that by 12 months of age, infants have integrated two
different aspects of agency representations; those agents who can respond
contingently to the environment are those that attend to it. Inferential
integration of different aspects of agency lends support to the rich
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interpretation of experiments that establish infants’ representations of each
aspect independently.

Integrated Representatiions of Agents—Goals and
Attentional States

As mentioned above, evidence that gaze-following is integrated with
representations of an agent’s goals provides the basis for a richer inter-
pretation of both the phenomenon of gaze-following and the phe-
nomena that suggest infants make a teleological construal of events. Susan
Johnson and her colleagues (Johnson, Shimizu, & Ok, 2007; Shimizu &
Johnson, 2004) have extended the gaze-following robot results to a robot
even less animal looking than the brown furry one in the above studies—
a blue cylindrical plastic object. She finds that if that this object interacts
contingently with the child or the child sees it interact contingently with
an experimenter, it elicits gaze-following by the child. She also finds that
the baby’s seeing this object interacting contingently with an experi-
menter increases the probability of teleological attributions to it when the
child sees it subsequently move repeatedly toward a novel goal. Again,
representations of attentional states and of goal-directed motion are
integrated by infants of this age, supporting the rich interpretation of
each.

Melinda Carpenter and her colleagues (Carpenter, Nagell, &
Tomasello, 1998) carried out an extensive longitudinal study of 24 infants
between the ages of 9 and 15 months to explore the degree to which
different aspects of agent representations emerge together. They found
that the emergence of joint attentional engagement, gaze- and point-
following, imperative and declarative gestures, and imitation of novel
actions on objects were positively correlated, whereas these measures
were uncorrelated with performance on tasks of object permanence or
spatial reasoning. They concluded that representations of actions in terms
of goals (necessary for imitation) and of attentional and information
providing actions are two instances of the same underlying phenomenon
—namely, the representation of intentional agency.

Of course, as many have noted, it is always possible to offer a lean
interpretation of all these results. As Povinelli (Povinelli & Eddy, 1996)
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has argued in the case of chimpanzees, perhaps that child has merely
learned very complex rules for predicting others’ behaviors—rules like:
(1) if an entity responds contingently to another, and the side facing me
turns away, that side is likely to be facing something interesting; or (2) if
an entity responds contingently to another, and then subsequently moves
repeatedly to a particular object, it is more likely to continue to move to
that object than if it hasn’t been observed responding contingently to
another entity; or (3) if there is no object between an entity’s face and
two objects, and if an entity repeatedly moves toward one of these two
objects, the entity is likely to continue to move toward that one. But
what would support learning just these rules? Purely inductive statistical
learning over perceptual primitives is wildly unconstrained. Core cog-
nition of agency provides the needed constraints. In my view, the more
parsimonious interpretation is that contingent response triggers the
attribution of agency, including the capacity for attention to external
entities (the child himself, the object of the gaze), and it is these repre-
sentations that are the input to statistical learning mechanisms.

The Input Analyzers?

To reiterate the argument so far, representing events in terms of attentional
states, referential states and goal-directedness is part of core cognition of
agents. Agent representations are conceptual in the sense of requiring
representations not expressible in spatio-temporal vocabulary, as well in the
sense of having a rich inferential role, not only drawing together different
aspects of agent representations but also integrating agent representations
with causal reasoning about inanimate objects (see chapter 6). The most
important hurdle for a candidate core domain has been cleared: evidence
for a system of representation with conceptual content early in infancy.
I now comment on other features of core cognition in this domain.

The claim that agency is a core domain requires that there be innate
input analyzers that identify the entities in it. How do infants recognize
some entities as agents and some behaviors as goal directed or referential?
Elizabeth Spelke and I (Carey & Spelke, 1994) considered two alter-
natives concerning the nature of the hypothesized input analyzers:

186 The Origin of Concepts



Possibility 1: Innate face recognizers enable the infant to categorize
entities as people, and people are innately recognized as agents.
Possibility 2: Agents are identified through analyses of their actions. Con-
tingent reaction to the child or to the environment, self-generated motion,
and so on are sufficient for attributions of attentional states and goals.

Notice that on the second possibility, the way infants may come to
recognize people as intentional agents is by analyzing their actions.

Spelke and I argued for the second possibility, on the basis of
experiments that show that infants see faceless continently reacting bags
of cloth and geometric figures on computer screens as agents. But Hood’s
gaze-following results with 2- to 4-month-olds pose problems for this
position. It is possible that infants this young have analyzed the actions of
human beings, and have learned that they are agents, what their fronts are
from analyses of goal-directed actions, and that eyes are especially
informative about attended entities. I think it more likely that the gaze-
following mechanism involves a separate innate input analyzer.

I now believe that there is no reason we must choose between pos-
sibilities 1 and 2, for both could be true. Agent detection is likely to be a
problem of such significance for humans that evolution has built more
than one redundant mechanism to contribute to its solution. The situation
may be parallel to the imprinting story for chicks. Conspecific/mother
identification is so important a problem for the survival of geese and
chickens that evolution endowed newborn chicks with two different
innate input analyzers dedicated to the problem, one that identifies things
that look like birds and one that identifies things that move in a certain
way (Johnson, Bolhuis, & Horn, 1985; Lorenz, 1937; see also chapter 1).
Similarly, it certainly possible that evolution built specific mechanisms for
face and eye detection, including specific computations relevant to
representations of agency, and also built mechanisms that identify agentive
behavior from patterns of motion and interaction among potential agents
and the world. Call the latter the agency-from-action input analyzer.

Infants certainly compute agency from action, as they do so when
analyzing the actions of moving geometric figures and nonanimal puppets
and robots. But as we saw above, Woodward showed that the identity of
the moving entity repeatedly ending in contact with a potential goal
(a hand versus a stick with finger-looking sponge appendages) influences

Core Cognition: Agency 187



whether 5-month-old infants attribute goals to the entity. Subsequent
work showed that infants at this young age can attribute goals to such
nonhand objects, so long as the spatio-temporal evidence for equipo-
tentiality and multiple paths to the goal is stronger (Gergely & Csibra,
2002). Still, Woodward’s demonstration that identifying the moving
figure as a hand helps disambiguate an action at 5months of age holds. It is
possible that analysis of contingency is at the root of all goal attribution,
including attribution of the goal of reaching, and infants have merely had
massive experience with the contingency between grasping human hands
and the objects they pick up. That is, the intentionality-from-action input
analyzer may underlie learning about hands as potential agents of goals.
But is also likely that evolution built in representations of grasping as goal-
directed; after all, reaching for objects is probably the first systematic goal-
directed activity the child has control over, and thus both reaching and
visual recognition of acts of reaching may have innate support.

An Aside: The Like-Me Hypothesis

One of my favorite results from developmental cognitive science is
Meltzoff and Moore’s (1994, 1999) demonstrations that young infants
imitate the facial gestures of people they are interacting with. Open your
mouth wide, and your newborn will do the same. Ditto for sticking
out your tongue (see Myowa-Yamakoshi, Tomonaga, Tanaka, & Mat-
suzawa, 2004, for comparable findings with a newborn chimp). These
demonstrations converge with other evidence for innate input analyzers
that represent human faces. More important here, they show also that
infants innately recognize the intermodal correspondence between what
some other person’s face looks like and their own facial gestures. Building
on these and similar observations, Meltzoff has suggested that infants may
come to represent other agent’s actions as intentional on the basis of an
understanding of their own intentional agency, plus the capacity to
recognize others as “like me.”

The demonstrations that categorization of an actor as a person (or
part of a person) increase the likelihood of intentional attributions are
consistent with this hypothesis. One of these was mentioned above:
Woodward’s finding that equifinal motions of hands were treated as goal-
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directed, whereas equifinal motions of sticks with sponges on the end
were not. Indeed, other research by Woodward has shown that infants
understand the intentionality in pointing only after they themselves have
begun to point. And a recent study by Jessica Somerville, Amanda
Woodward, and Amy Needham (2005) provides further evidence that
there definitely is something in the Like-Me hypothesis. These authors
gave 3-month-old infants experience with a mitten covered in Velcro,
such that the infant could pick up fuzzy objects simply by contacting
them. Infants quickly learned to use the sticky mitten. After this expe-
rience, infants were run in the traditional Woodward paradigm—an adult
wearing an identical mitten repeatedly contacted a given object in a given
location (one of two objects present in the scene). On test trials, the
locations of the objects were switched, and the adult either reached to the
old location/new object or the new location/old object. Only infants
who had themselves experienced the sticky mitten looked longer when
the adult reached for the new object. This result is important for several
reasons. First, it pushes the representation of goal-directed behavior
down to the youngest age yet—3 months. Second, it shows that in this
situation (involving reaching), only if the infant herself has carried out the
relevant goal-directed activity does she represent another’s action as goal-
directed. Note that this is not in general the case—in Gergely and Csi-
bra’s experiments described above geometric figures carry out actions that
the infant cannot yet do (and in some case will never do).

The Like-Me hypothesis seems likely to be true. Infants’ repre-
sentations of themselves as agents does help them analyze others’ actions
as goal directed, when these actions are seen as relevantly similar to goal-
directed actions in the infants’ repertoire. However, it is important to
realize that the Like-Me hypothesis is not an account of where the
capacity for representations of agency comes from, for two clear reasons.
Most important, babies can use their own agency to understand others’
only if they represent themselves as agents. Infants not only must be
intentional agents (which surely they are), but they must represent
themselves so. If they can do that, they already have representations with
contents like goal, looking at, agent, and so forth. Second, the Like-Me
hypothesis is underspecified. It leaves entirely open what features of
similarity to the baby support the identification. The experiments sket-
ched above suggest the person-recognition input analyzers play an
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important role (the agent must look like a hand or have the features of a
face), but we have also seen that infants can use patterns of motion alone
as a basis for intentional attributions. Thus, the Like-Me hypothesis,
although probably right, does not solve either of the outstanding
questions at issue in the present discussion: the origin of agency repre-
sentations or the nature of the input analyzers that identity agents, their
goals, their attentional focus, and their referential intent. It does add
another important piece to the story—evidence that the child indeed
does represent its own actions as goal directed and can use representations
of its own actions in making attributions of agency to others.

Constant Through the Life Span?

One of the earmarks of core cognition is that the innate input analyzers
operate throughout the life span. And indeed, adults make intentional
attributions on the basis of monitoring both eye-gaze and patterns of
contingency among actors. Obviously, adults follow eye-gaze and
understand a shift of gaze to reflect a shift of attention. Not so obviously,
adults also compute intentionality from patterns of motion alone. Heider
and Simmel’s (1944) classic studies, in which adults described interacting
geometric figures in language rich with intentional attributions, show
this. Heider and Simmel created a rich animated clip in which geometric
figures moving on a screen are seen to chase each other, escape, hide, try
to break down barriers, and so on. Here’s a sample description:

A man has planned to meet a girl and the girl comes along with
another man. The first man tells the second to go; the second tells
the first, and he shakes his head. Then the two men have a fight, and
the girl starts to go into the room to get out of the way and hesitates
and finally goes in. She apparently does not want to be with the first
man. The first man follows her into the room after having left the
second in a rather weakened condition leaning on the wall outside
the room. The girl gets worried and races from one corner to the
other in the far part of the room. Man number one, after being
rather silent for a while, makes several approaches at her; but she gets
to the corner across from the door, just as man number two is trying
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to open it. He evidently got banged around and is still weak from his
efforts to open the door. The girl gets out of the room in a sudden
dash just as man number two gets the door open. The two chase
around the outside of the room together, followed by man number
one. But they finally elude him and get away. The first man goes
back and tries to open his door, but he is so blinded by rage and
frustration that he cannot open it. So he butts it open and in a really
mad dash around the room he breaks in first one wall and then
another. (pp. 246–247)

And the exception that proves the rule—one adult in Heider and
Simmel’s original sample of 34 described the movies thus:

A large solid triangle is shown entering a rectangle. It enters and
comes out of this rectangle, and each time the corner and one-half
of the sides of the rectangle form an opening. Then another, smaller
triangle and a circle appear on the scene. The circle enters the
rectangle while the larger triangle is within. The two move about in
circular motion and then the circle goes out of the opening and joins
the smaller triangle, which has been moving around outside the
rectangle. Then the smaller triangle and the circle move about
together and when the larger triangle comes out of the rectangle and
approaches them, they move rapidly in a circle around the rectangle
and disappear. The larger triangle, now alone, moves about the
opening of the rectangle and finally goes through the opening to the
inside. He [sic] moves rapidly within, and finding no opening,
breaks through the sides and disappears. (p. 246)

Many subsequent studies have confirmed the finding that adults
attribute intentionality to displays of moving geometric figures, and
researchers have begun to explore the psychophysical bases of these
judgments (e.g., Gelman, Durgin, & Kaufman, 1995). Although the
actual movies presented to infants in the studies described above have not
been systematically studied, I have seen these movies and there is no
doubt that this adult automatically sees the actions displayed there in
terms of intentional agency. Wagner and I had naïve adults describe the
movies depicted in Figure 5.1. Their descriptions used intentional lan-
guage and/or personified the balls in 75% of their descriptions of events in
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which infants inferred a goal (Figure 5.1), as opposed to only 13% of the
movies in which the infants did not infer a goal.

Susan Johnson (2003) pursued the question of continuity much more
systematically. She showed adults videotapes of an experimenter inter-
acting with the robot (with or without eyes, responding contingently or
not), after which the robot turned. The adult was simply why the robot
turned. The language used to describe the robot was shot through with
intentionality in exactly the same three conditions that babies followed
the robot’s gaze; in the condition in which the babies did not follow the
gaze (faceless, noncontingent behavior), adults used almost no intentional
language. For example, in explaining the turning of the faceless con-
tingent robot: “Maybe it was looking for someone and tried to figure out
where it was,” and description of the faceless, noncontingently beeping
and flashing, robot: “The thing turned due to a program. It was pro-
grammed according to the sounds. After so many, the thing rotated.”

Thus, it appears that the input module that derives representations of
agency from action continues to operate throughout the life span. The
representational systems that accomplish these feats display common
psychophysical and processing signatures in infancy and in adulthood.
Core cognition of agency is continuous over development in the same
sense as is core cognition of objects (chapter 3) and number (chapter 4).
Recently, Henry Wellman and his colleagues have tested a strong pre-
diction of the continuity thesis (Wellman, Phillips, Dunply-Lelii, &
LaLonde, 2004; Wellman, Lopez-Duran, LaBounty, & Hamilton, 2007).
Systems of core cognition are learning mechanisms. Later developing
representations of agents are built from those in core cognition. If this is
true, then individual differences in the robustness or elaboration of agent
representations in infancy might be reflected in individual differences in
the course of later developments in theory of mind. In two different
studies, Wellman and his colleagues found just that.

Phillips, Wellman and Spelke (2002) had studied the integration of
infants’ representations of agents’ focus of attention with their repre-
sentations of agents goals. They found that at 14 months of age, infants
looked longer when an agent looked at and expressed positive emotion
toward one of two objects, and then reached for and picked up the other
of the two (as opposed to picking up the object that was the focus of the
attention and positive emotion). The Phillips study used a lengthy
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familiarization procedure, in which infants saw an agent repeatedly express
positive emotion toward and pick up one of the objects; in a Woodward
type design, the test trials involved a switch of the two objects, such that
the surprising outcome involved picking up the object that had been
picked up during familiarization. The authors noted that infants differed in
their degree of habituation during the familiarization period. Some barely
decreased looking at all whereas others quickly became bored. Wellman
and his colleagues brought the children who had been in the infant studies
back to the lab several years later. In two different studies (Wellman et al.,
2004, in press), individual differences among infants in the decrement of
attention to these events during habituation predicted performance on a
preschool theory of mind battery at age 4.

But wait—we know that speed of encoding during infancy predicts
later IQ (Bornstein & Sigman, 1986; Fagan & McGrath, 1981), and IQ is
highly correlated with measures of individual differences in executive
function. We wouldn’t be surprised to learn that children with higher
IQs achieve the preschool theory of mind milestones earlier than do
children with lower IQs. But Wellman showed that the prediction of
individual differences in the preschool theory of mind tasks was undi-
minished if he controlled variance in IQ or executive function.

In sum, core cognition of agency is continuous throughout devel-
opment in two related senses. The input analyzers that compute agency
from patterns of interaction among entities continue operate throughout
life, and the representations of agents that are the output of these ana-
lyzers are one source of later developing conceptions of agents.

Why So Late? Are Representations of Agency the
Output of Innate Input Analyzers?

Although some of the phenomena described in this chapter are observed
in infants under 6months of age (Hood’s gaze-following phenomena and
Woodward’s goal-directed reaching phenomena), most are not robust
until 6 to 9 months of age or later. Should such late emergence raise
doubts concerning core cognition in this domain? Does it undermine the
hypothesis that the representations in this domain are the output of innate
input analyzers? As we have seen in the case of core object cognition, the
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core cognition hypothesis is consistent with late emergence of behaviors
that reflect it. First, in some cases performance factors unrelated to the
representations articulating core cognition interfere with the behaviors
that might reveal it. Examples we have considered include frontal lobe
immaturity masking competence in tasks reflecting representations of
spatio-temporally continuous objects (chapter 2) and immaturity in
control of attentional resources masking competence in gaze-following.
Second, in other cases, the neural substrate of the innate input analyzers
or domain-specific learning mechanisms may itself mature relatively late.
Late emergence may have a maturational explanation rather than a
learning explanation. I do not know whether such maturational factors
play a role in this case, but there are reasons to think they may. Available
evidence supports frontal lobe involvement in the representations of
other minds, and the frontal lobes are late maturing (Diamond &
Goldman-Rakic, 1989). Finally, the core cognition hypothesis is not
incompatible with learning. Quite the contrary, core cognition systems
are domain-specific learning devices (remember the indigo buntings).
Even assuming core cognition of agency, learning dependent upon
innate conceptual representations would certainly be implicated in the
current case. Infants must learn what agents look like in order to form
categories of kinds of intentional agents. Infants must analyze patterns of
contingency in order to learn about particular goals or particular envi-
ronmental constraints. And it is possible that cognition in this domain is
supported by partially distinct systems of core cognition (e.g., the eye-gaze
computation device, the agency-from-action input analyzer) and that
learning is required to integrate them.

Indeed, there is only one learning account that is inconsistent with
core cognition of intentionality, and that is the empiricist position that
the innate representations in this domain are perceptual or sensori-motor.
On the empiricist view, the capacities to represent agents, goals, and
attentional states emerge as the result of some learning mechanism that
takes perceptual or sensori-motor representations as input and
yields representations with such content as output. Many psychologists
hold a version of the view. For example, consider Jean Mandler’s (1992,
2004) account of the origin of the concept animal (see also Rakison &
Poulin-Dubois, 2001, for a closely related proposal). Mandler maintains
that the concept animal has a conceptual core (self-moving agent), and
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that the capacity to represent this conceptual core is learned. The
problem, then, is how it is learned. Mandler posits, and I obviously agree,
that infants are sensitive to properties of motion—paths, self generation,
contingency. These can be cashed out in spatio-temporal terms. But the
question is how representations of agency might be learned, even given
sensitivity to such parameters of motion. The question, which should
now be familiar, is how learning generalizations stated in sensori-motor
vocabulary could ever lead to a representation with the content goal or
agent or attention.

Here is how Mandler thinks about this problem. She is concerned
with the transition between perceptual representations and conceptual
ones, and she thinks of the distinction as one of processing. Conceptual
representations support memory and action, and they serve as the core of
kind representations. She suggests that the infant produces conceptual
categories from perceptual input through a process of active, attentive,
perceptual analysis. Visual information is redescribed into a simpler and
explicitly realized form, most likely in the format of an image schema, but
perhaps in a more abstract format. The content of these explicit repre-
sentations includes the paths objects take, plus various relations among
objects such as containment, support, contact, and contingent relations. So
far, these contents are still statable in a sensori-motor vocabulary.
These redescribed representations are conceptual in the sense of being
explicit and accessible—an image schema constitutes a symbol in memory
that supports recall, computations in working memory, and so on.

I find these suggestions plausible. But the question that concerns me
is the origin of representations that are conceptual in a different sense—in
the sense of having content that goes beyond spatio-temporal vocabulary.
There is no known way that perceptual analysis alone could do the trick
of transforming representations of spatiotemporal properties into repre-
sentations of intentional agency. Abstracted image schemas of paths,
contingent interactions, and so on still represent paths, contingent
interactions, and so on. I agree with Mandler that the format of repre-
sentations of intentional agency is likely to be iconic, just as for other core
cognition systems (see chapter 4). But the question is where image
schemas with the representational content of the domain of agency come
from. How does an image schema come to represent attentional states,
goals, and agents rather than self-generated motions, movement from
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A to B, simultaneity? If one cannot define agency in spatio-temporal
vocabulary (even though spatio-temporal representations provide suffi-
cient input to perceptual analyzers that output representations of agents,
their goals, and their attentional states), then the problem of how these
concepts arise has not been solved.

In addition to these bare learnability considerations, this chapter has
developed many other arguments against the empiricist learning account.
In some cases the age of the infants, along with considerations of lim-
itations on the inputs they could possibly have experienced, casts doubt
on some plausible learning accounts. To repeat, that 2-month-olds shift
attention in response to shifts in another’s gaze is very unlikely to be the
result of a learned generalization: look in the direction those black circles
inside white circles shift direction toward, because something interesting
will be found there. Children so young cannot easily disengage attention
from an attended face, so they are unlikely to have the experience that
would be the input to learning this generalization. Similarly, but more
weakly, doubts were raised about the possibility that infants learn about
chasing and approaching events involving jumping over huge barriers or
squeezing between gaps in barriers by observation, simply because they
probably never see such events. In addition, I summarized the evidence
that different aspects of agency representations are closely integrated
throughout development. This integration is important for two reasons.
It provides evidence for the conceptual role of these representations and
makes it unlikely that the behaviors we see should be characterized in
merely spatio-temporal vocabulary. Also, that the representations of
different aspects of agency emerge together in development is not what
would be expected on a view of piecemeal learning of contingencies
among environmental events described in a spatio-temporal vocabulary.

These arguments are not conclusive, of course. The empiricist/
rationalist debate has engaged thinkers for over 2,000 years. It will be no
easier to settle in a particular case than it has been to settle in general. Still,
these considerations lead me to favor the core cognition hypothesis over
the empiricist alternative in the case of agent representations, just as in the
case of object representations.
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Long Evolutionary History?

As reviewed in chapter 3, the evolutionary history of the core cognition
of objects extends far into our primate past. Similarly, the hypothesis that
there is core cognition of intentional agency presupposes that repre-
sentations of goals, agents, and attentional/referential states arose during
evolution as the result of selection pressures. Two possibilities are con-
sistent with the core cognition hypothesis. Mind-reading abilities may be
a specific human adaptation, one of the central capacities that distin-
guishes us from our nonhuman primate ancestors. Alternatively, like
object representations, the capacity for agent representation may be part
of our primate heritage.

Many people have argued for the first possibility—that nonhuman
primates, even chimpanzees, do not represent agents and their actions in
terms of goals, referential actions, attentional or perceptual states. Pri-
mates do not establish shared attention; they do not point, indicate, or
monitor whether their partner shares attention on a third object. Also,
primates do not teach and, to a first approximation, they do not imitate.
Seeing a human or another primate acquire something attractive via some
kind of tool use does make it more likely that a chimpanzee will explore
that tool, but it will be as likely to discover a nonmodeled means to an
end as the modeled one. Thus, it seems as if the chimpanzee fails to
analyze the modeler’s actions telelogically or causally. These observations
are certainly consistent with the hypothesis that nonhuman primates lack
the core cognition of agency exhibited by young infants (e.g., Povinelli,
2000; Tomasello & Call, 1997).

On the other hand, nonhuman primates have neural mechanisms
that specialize in the detection of eye gaze, and chimpanzees follow a
gaze shift. In the wild, Rhesus macaques and other primates have been
observed hiding objects from the gaze of dominant individuals. Of
course, such observations are consistent with both lean and rich inter-
pretations. Following a shift in eye gaze may be a reflex, and primates
may simply learn to take into account eye gaze in the prediction of future
actions of conspecifics.

Indeed, Daniel Povinelli and Timothy Eddy (1996) provided striking
data in support of the lean interpretation of chimpanzee eye gaze. They
first confirmed that their chimpanzee subjects followed eye gaze and they
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also set up a situation in which chimpanzees knew to beg from a human
in order to be given a goodie on a plate in front of the person. Povenelli
then put two humans, each in front of a plate with good stuff on it,
varying whether each human could know what was on the plate. For
instance (see Figure 5.6), one was turned toward the plate, one away; one
had her eyes covered and one her mouth; one had a bucket over her head
and one did not. The dependent measure was which one the chim-
panzees begged from. The chimps were dreadful at this task, succeeding
(and this only after months of experience) only in the condition of Figure
5.7a, where one person was turned entirely backwards. From these
studies, Povenelli and Eddy concluded that chimpanzees do not under-
stand the relations between seeing and knowing.

However, recent work questions this conclusion. Brian Hare and his
colleagues (Hare, Call, Agnetta, & Tomasello, 2000) noted that chim-
panzees, like other primates, do not beg food from each other. Primates
simply do not use shared attention in the service of cooperation. Hare
reasoned that nonhuman primates might display an understanding of the
relation between seeing and knowing in experimental situations that
exploited their competitive, as opposed to their cooperative, motiva-
tional structure. This finding would be consistent with observations of
primates in the wild hiding food or an erection from a more dominant
animal. In the first study to explore this hypothesis, Hare set up situations
such as those diagrammed in Figure 5.7. A subordinate chimpanzee
watched as a piece of food was hidden. The important experimental
manipulation was whether the dominant chimp, visible to the subordi-
nate one, also saw where it was hidden. When released into the area of
the food, the subordinate chimpanzees went for the food that the
dominant ones had not seen hidden, as if they realized that this was food
that the latter would not know about and thus would not compete for.

Laurie Santos and her collaborators have extended these results to
Rhesus macaques. They carried out their research on the island of Cayo
Santiago, off the coast of Puerto Rico, that was described in chapter 4.
The macaques there forage for tasty food to supplement their adequate
but rather boring diet of monkey chow. The monkeys are particularly
interested in the fruits that the humans bring for lunch when they are
carrying out observational studies on the island. Monkeys will sometimes
try to steal a piece, although they are usually afraid to approach a human.
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Figure 5.6. Examples of pairs of people chimps must chose between to beg for food.
From Povinelli & Eddy (1996). Povinelli, D. J., & Eddy, T. J. (1996). What young chimpanzees
know about seeing.Monographs of the Society for Research in Child Development, 247, with permission
from Blackwell Publishers.
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Johnathan Flombaum and Laurie Santos (2005) carried out a series of
studies in which two humans approached a single monkey, stopping
some meters away, equally spaced to the left and the right of the monkey.
They put two platforms on the ground, each having one grape on it.
What was varied was the experimenters’ visual access to the grape (see
Figure 5.8). In one study one experimenter had his back turned to the
monkey, whereas the other looked at the grape. In another, one
experimenter’s eyes pointed to the side, whereas the other looked at the
grape. And in still another, one experimenter covered his eyes with a
square of paper while the other covered his mouth. In each of these cases,
the monkey retrieved the grape from the platform of the experimenter
who was not looking at it (Flombaum & Santos, 2005).

Both groups of researchers (Hare et al., Flombaum & Santos) have
confirmed these results in different related paradigms. For example, if a
grape seen by the monkey rolls from one location to another, the
monkey uses whether the experimenter/competitor could have seen this
motion (because it is screened or not) to decide whether to try to retrieve

Occluders

Dominant

Food
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Figure 5.7. Schematic depiction of the design of one of the trials in Hare, Call &
Tomesello (2000). The subordinate chimp watches the food being placed; the
dominant chimp does not see the placement. The dependent measure is whether the
subordinate chimp tries to get the food, relative to trials where the dominant
chimp can see the food. Both chimps are free to move around. Reprinted from Hare,
B., Call, J., Agnetta, B., & Tomasello, M. (2000). Chimpanzees know what con-
specifics do and do not see. Animal Behaviour, 59, 771–786, with permission from
Elsevier.
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Figure 5.8. Examples of pairs of people rhesus macaques could choose among if
attempting to steal food from one of the them (from Flombaum & Santos, 2005).
Reprinted from Flombaum, J. I., & Santos, L. R. (2005). Rhesus monkeys attribute
perceptions to others. Current Biology, 15, 447–452, with permission from Elsevier.
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it. Altogether, these studies make a strong case that nonhuman primates
understand the relations between seeing something and having infor-
mation about it.

Of course, just as in the infant studies, a lean interpretation of these
results is possible. Povinelli and his colleagues have argued that the pri-
mates’ behavior in competitive situations can be understood in terms of
generalizations they have learned about animal behavior—generalizations
such as “where somebody is looking predicts where he will go” or
“where somebody is looking predicts what he will reach for”—rather
than generalization about seeing and information. As in the case of the
related controversy between rich and lean interpretations of the infant
literature, it is nearly impossible to provide conclusive arguments that
might decide between the two classes of interpretation. In the animal case
we cannot help ourselves to learnability arguments, for it is the content of
primate adult representations that are under debate. As of yet, there have
been fewer studies of just how interconnected these representations of
primate looking are with other representations of agency, so this line of
argumentation for the rich interpretation is also not open to us. Indeed,
there has been little study of primates’ representations of actions as goal-
directed, and we know that primates are deficient, relative to young
babies, in many aspects of agent representations (joint attention, social
referencing, imitation).

Santos and her collaborators make what I consider a decisive argu-
ment for the rich interpretation (Santos, Flombaum, & Phillips, 2006).
First, as I argued for infants, they point out that the lean interpretation
leaves it a mystery how the monkey picks the correct statistical gen-
eralizations about behavior. For instance, every time eyes are pointed at
an object, so are mouths and noses, yet in the above studies, the monkeys
avoided the competitor that was looking at the grape, not whose mouth
was pointing at the grape. Second, they point out that the Rhesus studies
involve spontaneous behavior. These animals have not been trained. In
Povinelli and Eddy’s cooperative behavior studies, months of training led
chimpanzees to form the generalization that people whose whole body is
facing them are more likely to cooperate if begged from than are people
whose whole body is facing away. Povenelli’s studies show that the kind
of learning procedure called for in the lean interpretation surely exist. But
in Santos’s studies, the monkeys selectively focus on eyes in a first and
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only trial. Given the competitive ecological niche the monkeys exist in,
core cognition of eye gaze predicting the information another animal will
have would be expected to be drawn upon spontaneously in competitive
situations.

In the light of these results, Tomasello (Tomasello et al., 2005) has
modified his earlier hypothesis that nonhuman primates lack repre-
sentations of agency, attentional states, or goals. He now argues that these
representational capacities extend far into our evolutationary past. Still,
one must not forget that the human capacities for imitation, shared
attention, and referential behavior are dramatically greater than are those
of non-human primates. Several researchers are at work trying to char-
acterize how human core cognition of agency may be richer than that of
nonhuman primates, Tomasello’s current working hypothesis is that a
particular representational/motivational capacity distinguishes humans
from other primates: a capacity for shared intentionality and cooperation.
In a closely related proposal, Gergely and Csibra (2006) suggest that a
representational/motivational capacity for pedagogy distinguishes humans
from other primates. However these working hypotheses play out, non-
human primates have richer representations of agency than were
acknowledged even a decade ago.

In sum, I take the upshot of the primate literature to be that non-
human primates represent conspecifics and human beings as agents with
goals, perceptions and attentional states. Like object representations, core
cognition of agency has a long evolutionary past. However, unlike object
representations, in which the full core cognition system is observable in
primates, it is likely that hominid evolution contributed to the enrichment
of core cognition of intentional agency. It is true that primates do not
generally establish joint attention, do not show and point out things to
each other, do not teach, do not generally engage in cooperative problem
solving, and do not analyze others’ action in service of imitation.

Transcending Core Cognition: A Representational
Theory of Mind?

This chapter has developed the argument that infants and nonhuman
primates represent agents; specifically, they represent the agents’
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attentional states, referential actions, and goals. I have been careful not
to claim that infants and nonhuman primates have the capacity to
express the mental states of agents in terms of propositional attitudes.
We must distinguish between intentional states represented as direct
connections between agents, on the one hand, and objects and states of
affairs in the world, on the other hand—as when an agent is represented
as wanting or seeing an apple that is in the world, contrasted with
intentional states represented as propositional attitudes such as “believes
that there is an apple behind that screen,” in which the agent is
represented as having a representation of the apple in relation to the
screen. One crucial difference between these two types of representa-
tion is that only the latter allows another’s behavior to be predicted or
explained in terms of his or her false beliefs. Many eminent scholars
have offered analyses of a conceptual system 1/conceptual system 2

(CS1/CS2) transition between an early developing conception of
agents that cannot express representational mental states and a later one
that can. For representative examples, Perner’s distinction between a
want/belief psychology and a want/prelief psychology (Perner, 1991),
or Bartsch and Wellman’s (1995) distinction between a desire psy-
chology and a belief/desire psychology. These researchers have
hypothesized two fundamentally different forms of intentional attri-
bution to make sense of the striking failures of 3- and young 4-year-old
children on a wide range of explicit theory-of-mind tasks. The most
well-known of the explicit theory-of-mind tasks are the false-belief
tasks introduced into the literature by Heinz Wimmer and Joseph
Perner (1983). In one classic paradigm, the child is shown a vignette in
which an actor (e.g., Mary) watches as something (e.g., a cookie) is
hidden. Mary then leaves. While Mary is absent, the cookie is moved to
a new hiding place, after which Mary returns. The child is then asked
“Where does Mary think the cookie is?” or “Where will Mary look for
the cookie.” Since 1983, now hundreds of studies have used this basic
paradigm, or variations on it, and found that young 3-year-olds say that
Mary will think the cookie is in its true location and that Mary will look
there for it. The transition to adult performance (Mary will look for
the cookie where she saw it hidden before she left, because that is
where she thinks it is) occurs around the 4th birthday (see Wellman,
Cross, & Watson, 2001, for a meta-analysis of the factors that influence
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behavior on many replications and variations of this basic false belief
paradigm).

It is easy to see how adult performance requires a representational
theory of mind—this task requires that the child reason explicitly about
another’s beliefs, to recognize that those beliefs may be false, and to
predict another’s behavior on the basis of that person’s beliefs rather
than merely on his or her goals and the actions needed to realize those
goals. None of the infant studies reviewed so far require that the child
distinguish between true beliefs and false beliefs. However, as should
now be familiar, the failures of 3-year-olds on the standard false-belief
tasks are consistent with two broad classes of interpretation. On the
one hand, Flavell, Wellman, Perner, De Villiers, and others may be
right. A representational theory of mind (CS2) may be qualitatively
different from the cognition of agency available to infants and non-
human primates (CS1), and CS2 may require conceptual change for its
construction. Alternatively, developmental changes (perhaps matur-
ationally driven) in some ancillary processes required to succeed on the
false-belief tasks themselves—processes unrelated to the capacity for
representing beliefs—may underlie the developmental changes
observed on the false-belief tasks. For example, many authors have
explored the role that maturationally driven changes in executive
function play in helping the child adjudicate between two competing
responses based on where the object really is and where the agent last
saw it (e.g., Carlson, Moses, & Hix, 1998; Frye, Zelazo, & Palfai, 1995;
Leslie, German, & Polizzi, 2005).

Many hundreds of papers and many books have explored the
developmental changes in preschoolers’ theory of mind, and it is
beyond the scope of this book to do justice to this subtle and volu-
minous literature. I have not come to any conclusion for myself
with respect to whether the developmental changes observed in nor-
mally developing children during the fourth year of life constitute a
case of discontinuous development. Must the child build a represen-
tational system with more expressive power than its input? Is conceptual
change required? I see good arguments in favor of the developmental
continuity position and good arguments in favor of the conceptual
change position. In what follows I sketch some of the arguments
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for both positions. Chapters 8 through 11 take up cases where I believe
the arguments for conceptual discontinuity are conclusive.

Considerations in Favor of the Conceptual Change Position

One source of evidence for the conceptual change position derives from
an analysis of spontaneous speech of toddlers that is available in the Child
Language Data Exchange System (CHILDES) data base, which consists
of publicly available transcripts of conversations between adults and
children. Karen Bartsch and Henry Wellman (1995) analyzed the tran-
scripts of several children whose language was taped regularly from before
they were 2 until age 4 or later. They identified mentalistic use of terms
expressing desires, goals, preferences (such as “wants” or “likes”, on the
one hand, and terms expressing epistemic mental states (such as “knows”
or “thinks”), on the other. From the earliest ages (less than age 2),
children used desire and goal language mentalistically, in sentences such
as “He likes chocolate ice cream; I like vanilla,” “He wants to go to the
zoo.” In contrast, no uses of mentalistic language expressing epistemic
states emerged until age 3 or so (as in “I thought my socks were in the
drawer, but they were under the bed).” These differences emerge
whether the child is talking about true or false beliefs, about realized or
frustrated desires. Bartsch and Wellman showed that children command
the linguistic structures needed to use epistemic language, and that they
talk about mental states a lot, and that their input contains as much talk
about epistemic mental states as desires, preferences and so on. Bartsch
and Wellman concluded that 2-year-olds’ failure to talk about beliefs and
cognition reflects the lack of the relevant concepts, rather than (or in
addition to) problems in ancillary representational or computational
abilities needed for success on the false-belief tasks themselves.

Also, success on the false-belief task is correlated with success on a
wide range of other tasks that reflect a representational theory of mind,
even tasks that place very different information processing demands on
the child. These include tasks that reflect explicit awareness that seeing
leads to knowing, tasks in which children must articulate how they know
something (by seeing it, feeling it, or inferring it), tasks which require
distinguishing appearance from reality, tasks that require explicit rea-
soning about others perspectives, tasks that require access to warrants for
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beliefs, and many others (e.g., Flavell, Green, & Flavell, 1986; Flavell,
Everett, Croft, & Flavell, 1981; O’Neill & Gopnik, 1991). One example
will have to suffice to give you a feel for this wonderful literature. In an
experiment on children’s understanding of the sources of cognition,
Danielle O’Neill and Allison Gopnik (1991) introduced children to a
pink fur rabbit and a blue plastic horse. They then put one of the objects
into a large tube and the child’s task was to figure out which one was in
the tube. On some trials a semitransparent opening allowed the color (but
not the texture) to be seen. On other trials the child put their hands in the
tube and felt the object. On still other trials, a puppet whispered “psst—
it’s the rabbit.” On all of these trials both 3- and 4-year-olds correctly
identified which object was in the tube. The crucial question was this:
“How did you know? Did you tell by seeing it was the rabbit? By feeling
it was the rabbit? Because somebody told you it was the rabbit?” Three-
year-olds were at chance and 4-year-olds succeeded, and success is cor-
related with success on the false-belief task. This finding exemplifies
many that show correlations among quite different reflections of an
explicit representational theory of mind—in this case, between under-
standing the sources of cognition and understanding of the possibility of
and some of the conditions leading to false beliefs.

Jill de Villiers and her colleagues (2005) provided another argument
for the conceptual change position. They proposed (and provided
evidence for) a bootstrapping process that may underlie the construc-
tion of an explicit representational capacity for representing beliefs.
They point out that one particular type of linguistic structure is par-
ticularly important in expressing epistemic propositional attitudes, and
that it is relatively late to develop. These are linguistic expressions with
embedded propositions such that the overall sentence can be true even
if the embedded sentence is false. This semantic feature, opacity, holds
for complement structures such as “John said that Kerry won the
election,” or “Frank thinks that Kerry won the election.” Both sen-
tences could be true; John could be a liar and Frank could be
remarkably clueless. De Villiers found that children do not begin using
complement structures of this sort until their 4th year of life, and the
appearance of these linguistic forms in free and elicited speech is cor-
related with success on the false-belief tasks. This correlation holds even
for nonverbal false belief tasks, and tasks in which the question posed to
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the child is where the actor will look—that is, even ones that do not use
this construction in the task itself. Deaf children learning sign language
relatively late in life do not succeed on false-belief tasks until they
command complement structures, and training studies on communi-
cation verb complement structures help children pass a wide range of
theory-of-mind tasks that emerge at age 4. These data are consistent
with a bootstrapping story in which learning the semantics of com-
plement structures, especially opacity, plays a necessary role in creating a
representational theory of mind. I am quite sympathetic to this possi-
bility; chapters 8 to 11 discuss the role that bootstrapping processes of
the sort de Villiers is suggesting play in conceptual change.

Arguments Against Developmental Discontinuity

In spite of these considerations in favor of the conceptual change position
in this case, there are reasons to doubt it, at least in the form of a change
from a CS1 that is incapable of representing epistemic states to a CS2 that
is. Children do not reliably pass the false-belief tasks, the appearance/
reality tasks, the sources-of-cognition tasks, and so on, until late in their
fourth year or early in their fifth year. But a variety of task manipulations
dramatically lower the age of success. For instance, merely asking “where
will the agent look first for the cookie?” increases success rates, as if the
child interpreted the standard questions “where will she look?” and
“where does she think it is” as questions about her eventual behavior or
beliefs, once she’s found it (Garnham & Ruffman, 2001). Bartsch and
Wellman’s CHILDES analysis found the onset of epistemic mentalistic
language to be around 3:0, not 4:0. And finally, if one analyzes children’s
looking, rather than their answers to questions, one finds that as young as
2:9, when asked where the agent will look for the cookie, toddlers
reliably look first at the location where the agent last saw it, even though
they eventually respond to the explicit question incorrectly (Clements &
Perner, 1994). These data, along with convincing analyses of the per-
formance difficulties posed by the explicit false-belief tasks (Leslie et al.,
2005) and correlations between executive function measures and success
on false-belief tasks (Carlson et al., 1998; Frye et al., 1995), are consistent
with the claim that coming to succeed on the false-belief task around
age 4 does not reflect conceptual change.
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Recent infant studies from three different laboratories provide dra-
matic data that undermine the conceptual change position (Onishi &
Baillargeon, 2005; Surian, Caldi, & Sperber, in press). These data suggest
that preverbal toddlers represent epistemic states of actors. Specifically,
infants use what information an agent has about the location of a desired
object in predicting where that person will look for it.

All of these studies begin with the Woodward paradigm that elicits
representations of actions as goal-directed. Kristine Onishi and Renée
Baillargeon (2005) showed 15-month-old infants events in which an
actor placed a plastic watermelon slice into one of two boxes, and then,
on two familiarization trials, reached into the box as if to reach for the
slice therein. (Figure 5.9a). After this brief familiarization, infants were
shown a “belief induction trial.” The slice moved, in full view of the
infant, from its original box into the other box. The crucial manipu-
lation was whether the actor could see this motion or not. In the latter
case, the back of the stage was completely closed off, blocking the view
of the actor (Figure 5.9b). After this belief induction trial, the actor
(now visible again) reached into one of the boxes. There was only one
test trial per infant, so comparisons of looking times are between sub-
jects. In the case where the actor saw the movement into the new box,
infants looked longer when the actor reached into the old box than into
the new box. This is simply a replication of Woodward; the infant
expects the actor to continue reaching for the same object and tracks the
change of location of that object. The only difference from Wood-
ward’s paradigm is that the actor is reaching for a hidden goal object.
But, when the actor did not see the watermelon move (Figure 5.10b),
infants looked longer when the actor reached into the new box (where
the child knew the slice to be) than in the old box (where the actor last
saw the slice).

Further conditions ruled out lean interpretations of these data based
on low-level strategies; infants did not expect the actor to reach where
the object was actually hidden, where the hand had previously sear-
ched, or where the actor had last attended. Onishi and Baillargeon
(2005) conclude, “Whether the actor believed the toy to be hidden in
the green or the yellow box, and whether this belief was in fact true or
false, the infants expected the actor to search on the basis of her belief
about the toy’s location. These results suggest that 15-month-olds
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already possess (at least in a rudimentary and implicit form) a repre-
sentational theory of mind. They realize that others act on the basis of
their belief, and that these beliefs are representations that may or may
not mirror reality.”

In sum, Onishi and Baillargeon appeal to infants’ representing the
agent’s representation of the location of the apple or the slice—the agent’s
beliefs or the agent’s information about where the object is. Clearly, this
rich interpretation is consistent with these data, but can we also understand
them in terms of conceptual machinery we have already granted pre-
linguistic infants—representations of agents’ goals and attentional states?
Conceivably, we can. Perhaps the computations concerning what an actor

Familiarization trial 1

Familiarization trial 2 and 3B

A

Figure 5.9. Schematic depiction of the design of one of the conditions in Onishi
and Baillargeon (2005). A and B—familiarization files. Person puts object in blue box
and then reaches for it. C. One version of belief induction trial—when the person
cannot see, the object moves from blue box to yellow box. From Onishi, K. H., &
Baillargeon, R. (2005). Do 15-month-old infants understand false beliefs? Science, 308
(5719), 255–258. Reprinted with permission from AAAS.
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will do take into account where the actor was attending during previous
events. On this leaner interpretation these data provide even stronger
evidence that any we have seen so far that the two threads of infants’ agent
representations (attribution of goals and attributions of attention and
seeing) are integrated, but they do not show that infants’ expectations are
guided by representations of beliefs.

As these data are brand new, at present we have no way of deciding
between a desire/attention psychology and a desire/belief psychology
interpretation of them. Personally, I favor the richer interpretation. The
simplest interpretation of why the baby monitors perceptual access when
the locations are switched is that the baby realizes that the agent gains
information from what he or she sees. Otherwise, the rules the baby is
following are unmotivated.

That children are reasoning about the information available to the
agent is strongly suggested by another in the line of studies from Onishi
and Baillargeon. In this study, the slice is put into the green box, and
then, when the actor is not looking, the locations of the whole green
and yellow boxes are switched. In this case, apparently infants reason that
the actor can figure out where the object is, because they look longer
if the actor reaches into the yellow box, even though the yellow box is in
the location into which the actor has reached before. In the companion
condition, the two boxes are the same color (both green). As before, the
infant sees the slice put into the left-most box, and is familiarized with
the actor reaching into it. Again, when the actor is not looking, the
locations of the whole boxes are switched. Now the infant looks longer
if the actor reaches into the right-most box, apparently because they
reason that the actor has no information (perceptual or inferential) about
where the slice really is. At this point, any lean interpretation of the sort
sketched above breaks down.

I conclude, tentatively, that prelinguistic infants represent the
information a person gains from attending to objects and events in the
world. Prelinguistic infants have the capacity to represent an agent’s
epistemic mental states as well as its goals and attentional states. If this is
so, then the wide-ranging developmental changes in children’s theory of
mind that take place between ages 2 and 4 do not reflect conceptual
change between as CS1 in which epistemic states cannot be represented
to a CS2 in which they can. Of course, this conclusion leaves a great
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mystery to be solved—namely, understanding 2- and 3-year-olds’ failures
on the battery of theory-of-mind tasks that reflect a representational
theory of mind. Why, if infants understand that seeing leads to cognition,
do 3-year-olds fail the sources-of-knowledge tasks? Why does command
of complement structures in language predict success on tasks that reflect
the child’s theory of mind?

There are several, not mutually exclusive, ways of resolving this
paradox. It is possible that representations of others’ informational access
in core cognition are implicit, embodied in the computations that operate
over representations of goals and attentional states. On this view, language
learning is required to create representations that contain explicit mental
symbols for concepts like thinks, believe, information, cognition. We will see
an example of this type of mental construction when we consider the
origin of mathematical concepts (chapters 8 and 11) and when we
consider the origin of explicit scientific cognition (chapters 10 and 11).
More weakly, even if core cognition itself is articulated in terms of mental
symbols for such concepts, perhaps the creation of an explicit, verbal,
system of representation makes mental state attributions more salient and
robust, more stable and more likely to be recruited in the complex ebb
and flow of ongoing events. This would be an example of what is
sometimes called “weak Whorfianism” in the literature on the effects of
language and thought, and we shall see examples of this type of learning
in the pages to come as well (see chapter 7).

Conclusions: Core Cognition of Intentionality

This chapter makes a case for a third system of core cognition, in
addition to object representations (chapter 3) and number representations
(chapter 4). I do not mean to imply that these three exhaust core cog-
nition; it is an open empirical question whether there are other core
domains. Rather, my goal has been to demonstrate the existence of core
cognition and to illustrate its properties. The identification of a candidate
core domain generates issues for further research. When in development
(during phylogeny or ontogeny) does the eye-gaze-detection device
output intentional attributions—that an agent is looking at something,
indicating something, attending to something, gathering information
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about something? How many subsystems of core cognition are dedicated
to the problem of agent representation, and how are they related? Are
their outputs integrated from the beginning? How far back in our evo-
lutionary history did our ancestors create agent representations with the
same content and computational roles as those of human infants? Finally,
what underlies the transition to an explicit representation of beliefs that
we do not see robust evidence for until the fourth year of life?

These questions are very much open and many talented researchers
are at work answering them. Before turning to the question of how core
cognition is transcended in the course of conceptual development
(chapters 7 through 11), chapter 6 considers the possibility that there may
be innate representations with conceptual content that are not embedded
within systems of core cognition.
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