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One unresolved set of questions in cognitive science concerns
the origins of such commonsense notions as ‘object’, ‘number’,
‘space’ and ‘agent’, upon which so many of our cognitive ca-
pacities are built. Are these notions given to us as part of our
evolutionary heritage or are they acquired anew by each indi-
vidual through personal experience in the world? How differ-
ent from our own conceptions would those of fellow humans
raised in an alternate universe actually be? How dependent on
language is our conception of the world? While progress on
these questions is slow, it is being made. One approach in par-
ticular is advancing – the study of concepts in infancy. Infants
have relatively limited experience with the world and therefore
provide one of our best windows onto the necessity of experi-
ence in conceptual development. Furthermore, because infants
are largely non-verbal before the age of one-and-a-half to two
years, their prelinguistic abilities may also give us insights into
the role of language in concept representation. This review will
focus on recent research aimed at uncovering the possible
existence of the concept ‘agent’ in prelinguistic infants.

One of the most interesting senses of the concept ‘agent’,
and the one that will be reviewed here, is the one entailing
the possession of mental states. Mental states, and the minds
that possess them, are necessarily unobservable constructs that
must be inferred by observers rather than perceived directly.
They are distinguished from other sorts of unobservables or
internal states by the specific kind of relationship they hold
with the world. That is, mental states are directed at the world;
they are about things; they have content. They are what
philosophers call ‘intentional’1. Other commonplace, com-
monsense unobservables (e.g. life, essences, atoms, etc.), al-
though presumed by lay thinkers to exist in the world, are not
presumed to be about the world.

The ability to construe ourselves and others as agents
with minds, replete with mental states such as perceptions,
attention, desires and beliefs, is critical. With this ability we
can communicate referentially, predict and explain others’
behaviors, and manipulate both our own and others’ mental
states for the purposes of complex problem-solving and learn-
ing, not to mention deception. This ability is so critical in
fact, that its absence is thought by some to be a central cause
of autism2–4.

Garnering evidence sufficient to demonstrate mental state
attributions is difficult however. Many behaviors that could
potentially serve as indices of mental state attributions (e.g.
pointing) can typically be interpreted in both mentalistic
and non-mentalistic ways. This is particularly true for the
attribution of mental states that are correlated with reality
(e.g. perception or goals.) The recognition of this problem led
Dennett to suggest that the only convincing evidence for the
attribution of mental states must come from successful reason-
ing about false beliefs, because false beliefs drive behaviors
not otherwise predicted by reality5. Dennett’s insight moti-
vated a generation of research (typically called ‘Theory of
Mind’ or ToM) on the development of successful false-belief
reasoning in children between the ages of two and four
years6–10.

Although Dennett’s point is well-taken, the absence of
successful false-belief reasoning before the age of four, does
not mean that younger children and infants do not attribute
any mental states to agents; only that sufficient evidence for
such a claim is difficult to generate. Most researchers grant
children at least some mental state reasoning by the age of two,
supported in part by the emergence of explicitly mentalistic
vocabulary, such as the words ‘want’ and ‘see’11. Consensus
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among infant researchers, who must rely entirely on non-
verbal evidence, is more elusive. Nonetheless, a growing body
of converging evidence is leading many to reduce the age at
which they are willing to grant infants the ability to attribute
simple mental states such as perception, attention or goals.

This evidence comes from at least three general (over-
lapping) sources, each of which will be reviewed below along
with related counter-arguments: (1) infants’ interpretation of
people as indexed by their active interactions with others –
yielding gross dependent measures based on productive be-
haviors; (2) infants’ interpretation of people as indexed by their
passive observations of others – yielding subtle attentional
measures; and (3) infants’ interpretations of non-human
agents. Less direct research exists in this third area, so both
sorts of dependent measures will be discussed together.

Infants’ interpretation of people: measures of 
active interaction 
The onset of communicative gestures and joint attention be-
haviors between the ages of nine and 12 months is typically
seen as the first plausible sign of mentalistic attributions. At this
age infants begin reliably to produce and comprehend ges-
tures such as pointing, showing and requesting12–17. Under
the mentalistic view, these behaviors result from the infant’s 
active attempt to direct the attention of others toward some
aspect of the world. Around this age infants are also seen to
follow the attention of adults by alternating their own gaze
between adults and events or objects in the environment13,18–20.
(Under very simplified conditions, infants as young as three
months have also been shown to follow gaze21,22.)

Evidence also comes from other domains, including early
comprehension of the referential aspects of language and
emotion. Baldwin has shown that 18-month-olds consistently
restrict their interpretations of new words to the referents of
a speaker’s gaze at the moment of utterance rather than the
referent of their own gaze23–25. Though 14- to 16-month-olds
are not yet able to reliably make the correct mappings between
a novel word and a referent when the object of the speaker’s
gaze conflicts with their own, they can nonetheless use the
speaker’s gaze to prevent themselves from wrongly mapping
the word onto the object they themselves were attending to.
Another study has shown even earlier understanding of the ref-
erents of emotions in 12-month-olds using similar methods26.
Infants seem able to use their understanding of emotional

reference as an index of an individual’s desire by 18 months at
the latest. Tomasello and colleagues27 found that 18-month-
olds could use a speaker’s emotional expression to disambiguate
the referent of a novel word from a series of sequentially
presented objects, and Repacholi and Gopnik28 showed that
infants of the same age were able to fulfill an adult’s request
for food on the basis of that adult’s previous emotional 
responses to the food choices.

Evidence for the comprehension of goal-directedness has
also been found. For instance, Carpenter and colleagues found
that 14- to 18-month-olds would readily imitate an adult’s
action if it were linguistically marked as purposeful (‘There! ’)
but not if marked as accidental (‘Whoops! ’)29. Meltzoff also
found evidence of a comprehension of goals in infants using an
imitation technique30. In his widely-cited study, 18-month-
olds manually reproduced the object-directed goals of adult
modellers at rates far above those of spontaneous object ma-
nipulations, even in cases where the adult’s goals were never
actually achieved and therefore had to be inferred by the 
infants. In a control condition in which a set of mechanical
pincers acted as the ‘agent’, infants failed to reproduce the
incompleted action, thereby eliminating explanations in
terms of characteristics of the objects or action-paths alone
(see Fig. 1).

Infants’ interpretation of people: measures of 
passive observation
Other possible evidence that infants attribute mental states to
people is based on infants’ tendency to increase their visual
attention to novel objects or events that violate their expec-
tations (see Box 1 for more details on this method). Using
the violation-of-expectations method, Woodward and col-
leagues31 found evidence that suggested an attribution of
perception to people. They showed that seven-month-olds
looked longer when a moving person collided with another
person, than when inanimate objects were involved in the
same collisions. Furthermore, Phillips and colleagues (cited
in Ref. 32) reported evidence that 12-month-olds understand
that desires (as indexed by facial expressions and direction of
gaze) predict actions. They showed that 12-month-olds looked
longer at a person who smiled at (expressed desire at) one
object but then picked up a different object than at a person
who smiled at and picked up the same object. (Similar results
have been reported in which the investigators replicated 
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Fig. 1. Human and non-human demonstration of actions. Eighteen-month-olds who watched a human demonstrator attempt to pull apart a dumbbell but 
fail (top row), pulled the dumbbell apart themselves when given the opportunity. Infants who instead watched a pair of mechanical pincers perform the same 
spatiotemporal actions (bottom row) did not. Time is represented by successive frames from left to right. (Reproduced, with permission, from Ref. 30.)
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The visual habituation paradigm used in infancy research exploits
the fact that infants tend to look longer at novel (or unexpected)
events than at familiar (or expected) events (Refs a–d). If infants
are shown a display repeatedly, their looking times will decline,
presumably as a result of increasing familiarity with the display.
Infants’ visual attention to a new display will recover to the degree
that they find it novel or different from the original. This fact can
be used to tease apart the possible interpretations that infants
assign to the events depicted in the displays. In studies of infant
cognition, researchers are typically interested in testing whether
infants interpret some given phenomena in terms of either sur-
face, perceptual features or deeper, structural relations. Thus, one
test event will be perceptually more similar but structurally more

different to the habituation event than the other, and vice versa.
If infants interpret the habituation event in terms of its deep struc-
ture, they are expected to recover more interest to the test event in
which the deep structure changes, even if it is more perceptually
similar to the original. This method has been used productively
to examine infants’ reasoning about objects (Refs d–f), number
(Refs g–i), and mechanical causality (Refs j,k).

Woodward’s study used the visual habituation method to test
whether infants encode human actions in terms of the goals of the
actor, or solely in terms of the spatiotemporal movements involved
(Ref. l). A subset of her stimuli are shown in Fig. I to illustrate
the logic of her design (but readers are referred to the article for
complete details of control conditions and analyses). Half of the
infants were habituated to a hand approaching one of two toys
on a stage (Fig. I). In the test events, one of two things changed,
either the spatiotemporal path of the hand, or its target object.
Woodward reasoned that if infants encoded the hand’s action as
goal-directed (reflecting an agent-world relationship), test trials
in which the goal changed should be more novel, and therefore
more interesting, than those in which the path changed. Indeed,
both five-and nine-month-old infants dishabituated to the change
in the hand’s target relative to the change in the hand’s path.
Infants habituated and tested on identical events in which the
‘agent’ was a perceptually similar rod instead of a hand, exhibited
quite different patterns. In these conditions, neither age group
dishabituated to the change in the target object of the rod, sug-
gesting that they had not encoded the relationship between the
rod and the object as an important aspect of the event.

These results suggest that even by five months of age, infants
recognize that: (1) the behavior of some (but not all) entities is
directed at the world; and (2) the identity of the entity’s target
is relevant, i.e. the content of the relationship is represented.
We can therefore say that infants attribute an intentional rela-
tionship between the object and the world (i.e. one based on
content).
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Box 1. The visual habituation paradigm

Fig. I. The hand condition of the visual habituation para-
digm. (a) The habituation event. (b) The test event in which the
hand’s spatiotemporal path is changed, but its target object (goal)
remains the same. (c) The test event in which the hand’s target
object (goal) is changed, but its spatiotemporal path remains
constant. (Reproduced, with permission, from Ref. l.)

J o h n s o n  –  I n f a n t s ’  r e c o g n i t i o n  o f  m e n t a l i s t i c  a g e n t s



12-month-olds’ tendency to dishabituate to a change in the
goal of a perceiving agent. Furthermore, these researchers
found that the effect was eliminated by a condition in which
the agent’s line-of-regard was occluded with a blindfold; 
B. Sodian and C. Thoermer, pers. commun.)

Using the same violation-of-expectations technique,
Woodward has shown that even five-month-olds appear to
have expectations regarding the goal-directedness of human
hands relative to comparable inanimate objects33. Woodward
familiarized five-month-olds to either a hand or a similarly
configured rod repeatedly approaching one of two possible
objects. The infants seemed to interpret the two displays
differently, encoding the hand’s movement in relation to the
object it approached (i.e. its goal ), but the rod’s movement
in isolation. This conclusion was inferred from the fact that
they looked longer if the target object of the hand changed
but not if the hand’s approach path to the original target ob-
ject changed. Their reactions to the same changes in the rod
condition were just the opposite, that is they were surprised
to see a rod change its pattern of movement, but not if the
object it approached changed (see Box 1).

Interpretative problems
While the above evidence is suggestive of the recognition of
mentalistic agents, the problem with granting anyone a 
notion of mentalistic agent on the basis of such evidence 
remains the same as that noted by Dennett (and described
above): behaviors based on mental states that are correlated
with reality (e.g. perception-guided behavior or goal-directed
behaviors in the absence of false beliefs) can always be inter-
preted by the infant (or the scientist) in either mentalistic or
non-mentalistic frameworks.

One leading alternative explanation for infants’ apparent
precocity in the studies described above invokes the presence
of conditioned responses in the infant8,20. Throughout the
first year the infant has ample opportunity to observe the co-
variation of people and actions in the world. In principle,
for any given action that distinguishes the behavior of people
and well-known inanimate objects, the infant could learn the
appropriate associations without needing to impute mental
states to people. Similar arguments apply to any common
behavior an infant might engage in with other people, such as
gaze-following, pointing, or other potentially communicative
gestures. For instance, extensive experience interacting with
their caretakers may condition infants to anticipate interesting
events occurring in the direction of the caretakers’ head
turns8,20. In support of this position, Corkum and Moore
demonstrated that gaze-following can be partially shaped by
conditioning in eight- to nine-month-old infants who other-
wise fail to follow gaze spontaneously20. Similarly, some 
authors argue that 12-month-olds’ produce points and re-
quests because of their instrumental effectiveness long before
they are actually understood for their communicative nature19.

On such accounts, it is not until the end of the second
year, when infants begin to use language productively, that
these theorists grant infants the ability to construe people as
having mental states. Given the possibility of accounts such as
these, as long as the agents used to test infants’ competency are
highly familiar to the infant, as are people, a non-mentalistic,
conditioning explanation is impossible to rule out.

Most of the work in this area has nonetheless presupposed
the role of people in infants’ attributions of mental states. A
small but growing body of work suggests that this presup-
position may be unwarranted however, for theoretical reasons
as well as methodological ones. A number of researchers have
pointed out that knowledge domains that entail domain-
specific reasoning (as the mentalistic domain seems to) may
also entail domain-specific object-identification processes34.
The object-identification processes leading to the recog-
nition of a mentalistic agent could be isomorphic with the
recognition of people, but they need not be.

Infants’ interpretation of non-human agents: active and
passive measures
Several theoretical proposals have been offered about the
cues that lay thinkers, infants and adults alike, might use to
identify the presence of mentalistic agents2,34–39. The fea-
tures proposed fall into several overlapping classes; morpho-
logical features such as faces and eyes; asymmetry along one
axis; non-rigid transformation; self-propulsion; and the abil-
ity to engage in contingent and reciprocal interactions with
other agents. In general, the ability of infants to detect these
features goes uncontested. However, the degree to which any
of these features might serve specific functions in infants’
reasoning in the mentalistic domain, as opposed to other
domains (e.g. the social40 or biological41 domains) is still
largely unknown.

Johnson and colleagues tested a subset of these potential
cues and found that both the presence of a face, and contin-
gently interactive behavior even in the absence of a face,
proved powerful object recognition cues39. They tested the
willingness of 12-month-olds to follow the ‘gaze’ of novel ob-
jects as a function of the cues embodied in the object. They
found that infants were perfectly willing to follow the gaze
of novel objects that either had a face, reacted contingently
to them, or both. Interestingly, they failed to follow the gaze
of the same faceless object producing exactly the same self-
generated behaviors seen in the contingent condition, if those
behaviors were not contingent upon the infants’ own behavior.
Based on this finding, Johnson et al. suggested that around the
same age that infants seem able to attribute mental states such
as perception and attention to people (12 months), infants
are also able to attribute these mental states to novel entities
other than people (see Box 2).

In other work that tested infants’ interpretations of the
behavior of non-human agents, Gergely and his colleagues
showed that 12-month-olds develop visual expectations about
the movements of computer-animated dots based on apparent
interpretations of the dots’ goal-directedness42. The dots in
this study showed several putatively mentalistic characteristics,
including non-rigid transformations, contingent interactions,
and self-propelled motion. Schlottman and Surian43 have also
gathered evidence, based on visual-looking times, that young
infants are capable of projecting mentalistic interpretations
onto computer-animated, non-human agents. In their studies,
nine-month-olds reacted with longer looking times if the
apparent roles of two animated shapes were reversed, but only
in the case where the roles were defined by a contingent inter-
action at a distance. (See also Ref. 44 for parallel logic and
results in the physical domain.)
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It bears noting that two previously mentioned studies
included non-human ‘agents’ as experimental controls – both
Meltzoff’s imitation study30 and Woodward’s hand-rod
study33. In both cases, it was crucial to the interpretation of
goal-attributions that infants treated the human agents and
non-human control ‘agents’ differently. In neither case, how-
ever, did the control ‘agent’ clearly exhibit any of the putatively
mentalistic cues mentioned above. Therefore, a domain-
specific perception view such as that described above, would
predict the same results. Consistent with this view, Johnson
and colleagues have conducted a preliminary study using
Meltzoff ’s methods, in which the non-human agent had a
face and displayed contingent, self-propelled behavior. In this
case, 15-month-olds did infer and reproduce the unseen
goal of the non-human agent (S. Johnson, A. Booth and 
K. O’Hearn, unpublished data). Nonetheless, the existence

of a specialized object identification process based on object
cues, as opposed to event structures, has been questioned in a
recent follow-up to the Gergely et al. study. In a second study,
the animated dots themselves were stripped of all mentalistic
cues and it was still found that infants interpreted their be-
haviors as goal-directed45. The exact difference between the
agents (or events) in Meltzoff’s and Woodward’s studies on the
one hand and this last study on the other is not yet resolved.

More interpretative problems
The existence of specialized object-identification processes for
mentalistic objects would not in and of itself prove that infants
have a mentalistic interpretation of those objects. For instance,
some researchers have posited the existence of signal releasers
(e.g. directional movement of the head or eyes) to account for
early manifestations of gaze-following. Such mechanisms
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Johnson, Slaughter, and Carey (Ref. a)used a novel object to explore 12-month-
old infants’ attributions of mental states in a standard gaze-following paradigm
(Ref. b). The object embodied many of the proposed cues for mentalistic agents,
without being person-like. The size of a small beach ball, it was made of natural-
looking fuzzy brown fur and had a naturalistic shape that was symmetrical along
only one axis with a small cone-shaped bulge at one end (see Fig. I). It was de-
signed to vary in two dimensions: the presence or absence of facial features and
the quality of its behavior – specifically, whether or not its behavior was con-
tingently interactive with the infant or not. Its ‘behavior’ was generated via a
small remote-controlled beeper and incandescent light hidden inside it. Thus, it
was possible to control the object from a hidden vantage point such that when
the infant babbled, the object babbled back and when the infant moved, the
internal light flashed in response.

Infants received a brief (60 s) familiarization period in which
either the object reacted contingently to the infant’s own behavior,
or the infant saw equivalent amounts of apparently self-generated
beeping and flashing, but in a sequence that was random with
respect to the infant’s own behavior. After this familiarization, the
object made a final attention-grabbing beep and turned to orient
itself towards one of two targets placed on either edge of the setup
(see Fig. II). Infants were found to follow the ‘gaze’ of the object by
shifting their own attention (as indexed by eye movements) in the
same direction as the object’s significantly more often than in the
opposite direction in three of the four familiarization conditions:
if the object had a face; if, when the infant babbled or moved, the
object beeped back and flashed lights; or both of these conditions
together.

Importantly, the object in the non-contingent, faceless condi-
tion embodied the same shape and movement cues as it did in the
other conditions, but infants showed no reliable sign of following
its ‘gaze’. A further comparison condition with unfamiliar adults
taking the place of the object suggested that infants were no more
likely to follow the gaze of a contingently interacting person (with
a face) than a contingently interacting fuzzy brown object with a
face. Taken together, these results seem to show that infants use
quite selective cues to decide when an object does or does not have
a mind to perceive or attend with, specifically the presence of a
face, or the propensity to interact contingently.
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Box 2. Infants’ attribution of attention to non-human agents
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Fig. I. The novel object without a face (a) and with a face (b). (Reproduced,
with permission, from Ref. a.)

Fig. II. The gaze-following setup. After familiarization to the novel object, the object made
an attention-grabbing beep and turned to orient itself towards one of two targets placed on
either edge of the setup. Infants were found to follow the ‘gaze’ of the object to the relevant
target significantly more often than they looked towards the opposite target, in three of the
four familiarization conditions: if the object had a face; if, when the infant babbled or moved,
the object beeped back and flashed lights; or both of these conditions together. (Reproduced,
with permission, from Ref. a.)
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would allow infants to share important information about
the environment with caretakers without attributing a mind-
world relationship to the gazer. Butterworth’s ecological
mechanism of early gaze-following depends heavily on infants’
comprehension of the signal value in the adult’s direction of
gaze46. Similarly, based on work with chimpanzees, Povinelli
and Eddy argue for an evolutionarily-shaped ability to follow
eye gaze in the absence of attributions of perception47. In
their study, chimpanzees who could follow the gaze of humans,
did not use humans’ gaze-direction to constrain their own
requests. That is, they were just as likely to direct request ges-
tures at humans whose vision was occluded as those who could
see them. Corkum and Moore also suggest the existence of an
inherent signal value in head turns based on evidence that
eight-month-olds can be conditioned to follow gaze in the
same direction as observed head turns, but not in the opposite
direction20.

The extent to which signal-releaser accounts can be gen-
eralized to other infant results (results based on overt behav-
iors such as imitation and passive measures such as looking
time) that are at least superficially different from gaze-following
remains to be seen.

Conclusions
It is clear that the mechanisms underlying infants’ recognition
of, and interaction with, agents and what meaning, if any,
infants attach to them, are not yet fully understood. Method-
ological progress on how to satisfy the evidentiary criteria for
the attribution of mental states such as perception, attention,
or goals has been slow. One point is clear however: non-
mentalistic accounts, based either on conditioning or on signal
releasers, give rise to the prediction that the infant’s compe-
tency in this domain will vary across different behavioral con-
texts (e.g. gaze-following, communication and imitation). For
instance, in an account based on conditioned associations,
there is no reason to assume that the production of head turns
as seen in gaze-following should correlate with measures of
object manipulation as seen in imitation. Similarly, with signal-
releaser accounts, different behavioral responses will depend on
the existence of independent, evolutionarily specified mecha-
nisms. Conversely, the degree to which putatively mentalistic
attributions are manifested across a variety of diverse behaviors
and contexts is evidence against non-mentalistic interpretations.

Thus, a general class of empirical strategies that will help
to sharpen these predictions and decide between mentalist
and non-mentalistic interpretations arises. Tomasello12 and
Dunham and Dunham48 suggest that arguments for mental-
istic attributions in infancy would be strengthened if it were
shown that attributions across multiple behavioral contexts
emerge within the same developmental window (e.g. see
Ref. 13). Heyes, discussing a similar debate within the animal
literature, suggests that the target attributions be demonstrated
across multiple behavioral contexts within the same individ-
ual49. Finally, in my own work, I propose to strengthen the
evidence for mentalistic attributions by attempting to elicit
them across multiple behavioral contexts with the same re-
stricted set of object recognition cues. That is, if the selective
set of object features that elicit gaze-following in Johnson 
et al.’s study39 do so because they invoke an intermediary rep-
resentation (intermediary in the processing stream between

perception and action) of mentalistic being, that representation
should also be available to support other behaviors thought
to be based on mentalistic attributions. If results consistent
with mentalistic interpretations are obtained in divergent
methodological paradigms, objections based on local inter-
pretative issues of individual methods will no longer obtain.
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