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Abstract

 

It is now widely accepted that sensitivity to goal-directed actions emerges during the first year of life. However, controversy
still surrounds the question of how this sensitivity emerges and develops. One set of views emphasizes the role of observing
behavioral cues, while another emphasizes the role of experience with producing own action. In a series of four experiments we
contrast these two views. In Experiment 1, it was shown that infants as young as 6 months old can interpret an unfamiliar
human action as goal-directed when the action involves equifinal variations. Experiments 2 and 3 demonstrated that 12- and 9-
month-olds are also able to attribute goals to an inanimate action if it displays behavioral cues such as self-propelledness and
an action-effect. In Experiment 4, we found that even 6-months-olds can encode the goal object of an inanimate action if all
three cues, equifinality, self-propelledness and an action-effect, were present. These findings suggest that the ability to ascribe
goal-directedness does not necessarily emerge from hands-on experience with particular actions and that it is independent
from the specific appearance of the actor as long as sufficient behavioral cues are available. We propose a cue-based bootstrap-
ping model in which an initial sensitivity to behavioral cues leads to learning about further cues. The further cues in turn inform
about different kinds of goal-directed agents and about different types of actions. By uniting an innate base with a learning
process, cue-based bootstrapping can help reconcile divergent views on the emergence of infants’ ability to understand actions
as goal-directed.

 

Introduction

 

The nature and the emergence of infants’ ability to
understand actions as goal-directed has become a cen-
tral issue in cognitive infancy research in the last decade.
When, how and under what conditions are infants
willing to go beyond the spatio-temporal pattern of
observed actions and interpret them as performed in
order to achieve an end-state? Several theorists assumed
(e.g. Dennett, 1987; Leslie, 1994; Tomasello, 1999;
Csibra & Gergely, 1998) that giving meaning to an action
by attaching a goal to it is one of the important prere-
quisites for ‘theory of mind’ (interpreting and predicting
other people’s actions in terms of intentional mental
states). This paper describes and contrasts two theoretical
approaches to the origins of goal-directed action inter-
pretation (the cue-based and the experience-based
accounts) and provides empirical evidence in favor of the
cue-based account.

 

Cue-based theories

 

One group of theories credits the infant with innately based,
domain-specific and/or modular systems that are sensitive
to certain behavioral cues (such as self-propelledness,
direction of movement, equifinal variation of the action,
contingent reactivity, and efficiency of the action toward
the goal) in identifying agents and goal-directedness
(Premack, 1990; Leslie, 1994, 1995; Baron-Cohen, 1994;
Jonhson, Slaughter & Carey, 1998; Csibra & Gergely,
1998; Gergely & Csibra, 2003). While these theories
differ from each other in many respects, they all suggest
that ascribing goal-directedness to an action is initially
independent from the perceptual appearance of the actor.
Thus, infants are assumed to be able to apply goal-directed
action interpretation to a wide range of entities including
unfamiliar inanimate agents without any human features
and this ability does not require extensive experience
with human actions.
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One set of views about the role of abstract behavioral
cues stresses the efficiency of 

 

single

 

 cues, for example,
Premack (1990) and Baron-Cohen (1994) who claimed
that infants automatically interpret the action of an
agent as intentional and goal-directed as long as it
exhibits self-propelled movement. Other views stress the

 

multiplicity

 

 of  cues that can contribute probabilistically
to agency judgments. For example, Leslie (1994, 1995)
proposed a tripartite hierarchical modular mechanism,
which on its second level (theory of mind mechanism,
system 1) deals with the actional properties of agents
such as attaining goals and reacting to the environment.
This second subsystem receives its input from the first
subsystem (the ‘theory of  body mechanism’), which
can categorize objects as ‘physical or mechanical agents’
with an internal and renewable source of ‘energy’ on the
basis of  such behavioral cues as self-propulsion. The
second level can consider circumstances that are distant in
time and space from the agent and represent the agent’s
behavior in relation to spatially distant features and
future/possible states of affairs. Thus, the outcome of the
agent’s action is a useful cue at this level as it can be
teleologically interpreted as the goal state of affairs.

In a similar vein Csibra and Gergely (1998) proposed
that infants are equipped with an inferential system,
which they call the ‘teleological stance’, for generating
non-mentalistic goal-directed action representations.
This system establishes a specific relation among three
representational elements: the observed behavior (the
action), a possible future state (the goal), and the rele-
vant aspects of the reality (constraints of the action).
This representational structure forms a teleological
representation only if  it satisfies the ‘principle of rational
action’ that states that an action can be explained by a
goal-state if it appears as the most efficient action towards
the goal-state that is available within the constraints of
reality. Csibra and his colleagues (Csibra, Biro, Koós &
Gergely, 2003) argue that the abstract behavioral cues
that are critical in mediating the attribution of goal-
directedness can be derived from the ‘principle of rational
action’ itself: the agent’s ability of equifinal variations of
the action, and that the outcome of the action involves
a change in the environment.

What kind of experimental evidence is available to
support these theoretical proposals concerning the sen-
sitivity to abstract behavioral cues in generating goal
representation irrespective of the appearance of the
actor? Heider and Simmel’s classic work (1944) showed
that adults spontaneously provide rich intentional and
goal-directed action interpretations when all they see are
animated interactions of triangles and circles. Heider
and Simmel’s study was replicated and their findings
found to be very robust and consistent across a wide

range of cultures (see Scholl & Tremoulet, 2000). Castelli
and her colleagues (Castelli, Frith, Happe & Frith, 2002)
found that even high-functioning adults with autism can
give a goal-directed description to a moving triangle on
a screen. Other contemporary studies (see Tremoulet &
Feldman, 2000; Scholl & Tremoulet, 2000, for a review)
have attempted to pinpoint the specific motion cues
responsible for the perception of animacy or intention-
ality (including goal-directedness) in adults in simple
animations with varying success, on the assumption that
it involves a fast, automatic, irresistible process similar
to the perception of physical causality (Michotte, 1946).
Berry and Springer (1993) found that 3- and 4-year-old
children give similar intentional descriptions to Heider and
Simmel’s type of events of two-dimensional geometric
figures as do adults. Furthermore, Montgomery and
Montgomery (1999) showed that 3-year-old children can
judge if  the action of a ball was accidental or intentional
purely on the basis of motion cues, namely whether the
behavior of the ball appeared to be persistent and was
adjusted toward its goal.

Recent research with infants also demonstrates sensi-
tivity to behavioral cues exhibited by geometric figures.
Rochat and his colleagues (Rochat, Morgan & Carpenter,
1997) found that 3-month-olds looked differently at
two discs, depending on whether they were moving in-
dependently or in a systematic interaction (‘chased’ each
other) while the relative spatial-temporal and other
dynamic features were equal in both cases. Schlottman
and Surian (1999) showed that 9-month-old infants
understand that an agent can react to another without
contact: in their visual habituation study infants showed
sensitivity to the temporal proximity of the movement of
two squares exhibiting self-propulsion and non-rigid
transformation. Johnson, Slaughter and Carey (1998)
showed that 12-month-old infants follow the spatial
orientation of a faceless, inanimate and novel agent that
exhibits contingent reactivity to the infant’s behavior. All
of these findings suggest that the specific appearance of
the actor is not critical for infants’ judgments of agency.

More direct empirical evidence for relying on abstract
behavioral cues in interpreting actions as goal-directed
comes from a series of visual habituation studies by
Gergely and his colleagues (Gergely, Nádasdy, Csibra &
Biro, 1995) and Csibra and his colleagues (Csibra, Gergely,
Biro, Koós & Brockbank, 1999; Csibra 

 

et al.

 

, 2003) who
demonstrated the presence of teleological action repre-
sentation in 9- and 12-month-old infants. In one of the
experiments using computer animation of 2D geometric
figures, infants were habituated to a visual event in
which they observed a small circle repeatedly approach
and make contact with a large circle by ‘jumping over’ a
rectangular figure separating them. Adults typically
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interpret this behavior as a goal-directed action. In the
test trials the rectangular figure (the ‘obstacle’) was
removed. Infants saw either a novel action (the small
circle approached the large circle in a straight line) that
was the most efficient action toward the goal in the
changed circumstances, or the already familiar jumping
action which, however, was no longer the most efficient
action to achieve the same goal-state. Infants showed
less recovery of attention to the novel straight-line
action, which indicates that they interpreted the action
in the habituation events as goal-directed and predicted
the most efficient action to achieve the inferred goal in
the changed situation. Similar experiments by Csibra
and his colleagues (2003) demonstrated that by 12
months infants could also use the ‘principle of efficient
(rational) action’ for making productive inferences
about unseen aspects of goal-directed actions (e.g. unseen
goals and occluded obstacles). Furthermore, Shimizu
and Johnson (2004) found that 12-month-old infants are
able to attribute goals to an unfamiliar non-human 3D
object that responds contingently and can vary its action.
Finally, the study of Kuhlmeier, Wynn and Bloom (2003)
indicates that 12-month-olds may be able to attribute
dispositional states to geometric figures and use these to
predict their future actions.

 

Experience-based theories

 

Now we turn to another class of theories on the emer-
gence of infants’ goal-directed action interpretation.
This approach proposes that infants’ understanding of
actions as goal-directed is, from the start, restricted only
to human actions and therefore tied to specific appear-
ances. Furthermore, it is assumed that this understand-
ing is acquired gradually through experiences with
particular actions.

Meltzoff argues (e.g. Meltzoff & Moore, 1994) on the
basis of his extensive imitation research that very young
infants, even newborns, have the ability to identify
human actions through biomechanical bodily move-
ments (such as facial expressions). He claims that infants
only consider actions that they categorized as human as
pursuing goals. Meltzoff (1995) supports his claim by
demonstrating that 18-month-old infants, after having
observed an adult perform three failed attempts to
achieve a goal, re-enact the intended act (that they have
never seen realized) and not the failed attempts. On the
other hand, when the same (unsuccessful) actions were
modeled not by a person but by a mechanical device, the
infants failed to produce the target act. This finding,
however, was challenged by the study of Johnson, Booth
and O’Hearn (2001) in which Meltzoff’s experiment was

replicated with 15-month-old infants using a non-human
agent with a face that contingently interacted with the
experimenter and the infant. The authors found that
infants were able to infer and re-enact the goal of the
failed action and suggested that goal re-enactment is
‘mediated by a concept that is not isomorphic with the
concept person’ (p. 637).

The strongest claim for the experience-based account
of goal-directed action interpretations comes from
Amanda Woodward and her colleagues’ recent work
with young infants. Using a visual habituation method,
Woodward (1998) presented 6- and 9-month-old infants
with an action in which a hand repeatedly reached
towards and grasped one of two toys sitting on a stage.
After the infants were habituated to this event, the
experimenter swapped the two toys behind a screen. In
the test phase the hand either grasped the same toy as
before, which, however, was at a new location, or the
other toy at the same location. Looking times for these
two events were markedly different: both 6- and 9-
month-old infants looked longer if  the hand grasped the
new toy at the old location than if  it grasped the old toy
at the new location. This result indicates that infants
associated the grasping hand with the grasped object
rather than with its location, that is, they expected the
hand to reach toward the same toy. In other versions of
the same experiment, instead of a human hand, inani-
mate novel objects (such as a rod, a mechanical claw or
a flat occluder) were used to touch or grasp the target
toy. Woodward found that in these conditions 6- and 9-
month-old infants looked equally long at the two test
events (or longer in old toy/new location event), suggest-
ing that the infants did not selectively encode the goal
object in the case of inanimate actors. Woodward argued
that goal-directed interpretations are specific to human
actors, and that ‘by 6 months infants already have begun
to draw a line between animate and inanimate entities,
interpreting only motions of  the former, but not the
latter in terms of the relation between agent and object’
(Woodward 

 

et al.

 

, 2001, p. 155).
To further specify the range of actions infants would

consider in terms of goals, Woodward (1999) applied the
same set-up using an unfamiliar human action: the back
of the experimenter’s hand dropped on the target toy.
Six- and 9-month-old infants showed no preference
toward any of  the test events. In another study
(Guajardo & Woodward, 2004), 7- and 12-month-old infants
were shown a grasping hand whose surface properties
were, however, obscured by a glove. Neither of the two
age groups was able to interpret the grasping action of
the unfamiliar gloved hand in terms of goals unless they
had seen that the gloved hand belonged to a person.
Other studies have looked into the connection between
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the production and understanding of goal-directed
actions. For example, a correlation was found between
the ability to identify the goal of an observed means–end
sequence and executing a similar means–end task in
12-month-olds (Sommerwille & Woodward, 2005) and
between infants’ own pointing and their point compre-
hension at 9.5 months (Woodward & Guajardo, 2002).
Finally, Sommerville and her colleagues (Sommerville,
Woodward & Needham, 2005) showed that if  infants as
young as 3 months old are allowed to practice making
contact and picking up toys by using a mitten that is
covered with Velcro fabric on the palm, they can attribute
a goal when they observe a grasping action of a hand
wearing a similar mitten. On the basis of these results
Woodward and her colleagues argued that initially
infants do not interpret an overly broad set of behaviors
as goal-directed; instead, they gradually construct such
interpretations with specific actions. Understanding goal-
directedness derives from experience with particular
actions (from their own actions and from interactions
with social partners), rather than being a product of a
general mechanism that is sensitive to the motion pro-
perties of any actions.

 

Is there a real conflict?

 

At first glance it appears that Woodward and her col-
leagues’ results seriously challenge the cue-based account
in terms of the time of onset of goal-directed interpreta-
tions, the range of entities to which infants are willing to
attribute goals, and the role that abstract behavioral cues
play in generating such interpretations. However, along
with others (e.g. Kiraly, Jovanovic, Prinz, Aschersleben
& Gergely, 2003) we believe that this challenge can be
deflected. One reason infants might not selectively
associate the action of the inanimate objects (e.g. a
mechanical claw) and the unfamiliar human actions (e.g.
‘dropping the back of the hand’ or the ‘grasping gloved
hand’) with the target object in Woodward’s experiment,
is that the actions were impoverished in the behavioral
cues infants are most sensitive to in evaluating the goal-
directedness of an action. For example, in the beginning
of each habituation trial the actor entered the stage from
behind a curtain and, after touching or grasping the
target toy, stayed motionless for the rest of the trial
exhibiting no other behavioral cues. Leslie (1994, 1995)
suggested that judgments of mechanical agency tacitly
reflect the likelihood of the agent moving through an
internal energy source. Furthermore, these judgments take
conditional probabilities into account, so that periods
of non-motion are considered too as negative evidence.
Thus, the mere repetition of the same action together

with a stationary period across trials will not provide a
sufficient cue for agency/goal-directedness. Therefore, it
is possible that in a modified version of  Woodward’s
set-up in which unambiguous behavioral cues are present,
infants would be able to ascribe goal-directedness to
inanimate or unfamiliar human actions.

One could argue that Woodward’s grasping hand ver-
sion also lacked such cues, yet 6-month-old infants were
able to generate a goal-directed action interpretation. As
Woodward herself  acknowledges, however, grasping is
an action with which infants have ample experience by
6 months of age. Kiraly and her colleagues (2003) point
out that in natural circumstances the experience that
infants have with grasping actions is in fact very rich in
behavioral cues. Infants can adjust their grasping action
according to the differences in weight, shape or texture of
the target objects. Von Hofsten (1983, 1991; Von Hofsten
& Fazel-Zandy, 1984) showed that very young infants
are able to co-ordinate their grasping action with the
future position of a moving target. Furthermore, a
grasping action is typically followed by a change in the
state of the grasped object. The object is moved, picked
up or thrown away by the infants and similar outcomes
occur when infants observe the effect of others’ grasping
actions. Indeed, Leslie (1982, 1984) showed that 4- and
6-month-olds perceive a causal structure when a hand
grasps and picks up an object. Thus, grasping is strongly
associated with behavioral cues such as self-propelledness,
equifinal variations, and mechanical effects on the environ-
ment. Watching the hand grasping the toy in Woodward’s
experiment may have triggered the memory of these
associated properties, which could then have enabled
infants to interpret the action as goal-directed despite
the absence of direct perceptual evidence.

Kiraly and her colleagues (2003) and Jovanovic and
her colleagues (Jovanovic, Király, Elsner, Gergely, Prinz
& Aschersleben, under review) recently tested the
hypothesis that ‘adding’ a behavioural cue would allow
young infants to interpret an unfamiliar human action
as goal-directed. They designed a modified version of
Woodward’s ‘dropping the back of the hand’ action by
introducing a salient action-effect: after the hand con-
tacted the toy it pushed the toy away toward the back of
the stage. Both studies found that with the help of this
cue 6-, 8- and 10-month-olds were able to attribute a
goal to the otherwise unfamiliar action. These results
suggest that, as the cue-based approach claimed, infants
do not necessarily need to have experience with a particular
action to be able to interpret it as goal-directed as long
as the action exhibits the necessary behavioral cues.

In order to assess the effectiveness of multiple behav-
ioral cues, it needs to be shown that other cues can also
trigger goal-directed action interpretations of unfamiliar
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human actions. Furthermore, in order to test the other
major assumption of the cue-based account, namely,
that ascribing goal-directedness is not restricted to
human action, it must be demonstrated that the availa-
bility of similar behavioral cues will allow young infants
to consider not only animate actions as goal-directed,
but inanimate actions as well. In the first experiment we
tested the hypothesis that young infants can apply goal-
directed action interpretation to an inanimate action as
well as to an unfamiliar human action when these
actions exhibit equifinal variation of behavior. Heider
(1958) argued that the equifinal structure of an action
helps identify the actor’s goal. That is, as environmental
conditions vary, differing motion patterns used to bring
about one and the same consequence reveal the actor’s
goal. Recent studies suggest that this cue may not only
play a critical part in goal attribution in adults, but also
in infants (e.g. Gergely 

 

et al.

 

, 1995). However, its role has
not yet been tested directly.

 

Experiment 1

 

We applied Woodward’s (1998) set-up with an animate
(hand) and an inanimate actor (a paper tube) perform-
ing the same action: rhythmic poking of the target
object. The poking action was carried out in a manner
that indicated that the actor is capable of equifinal vari-
ations of behavior (the actor poked from different angles
and the target toy was touched at different spots).
Infants typically do not poke (that is, explore toys with
extended index finger) until they are about 9 to 12
months old (Blake, O’Rourke & Borzellino, 1994; Bates,
Benigni, Bretherton, Camaioni & Volterra, 1979). They
might have seen adults performing somewhat similar
poking actions, but not in the particular way that was
shown to them in the experiment 

 

−

 

 repetitively from dif-
ferent angles. Therefore, the action used in the experi-
ment is at least relatively unfamiliar at 12 months and
for infants younger than 9 months highly unfamiliar.

Could infants mistake poking for pointing? We believe
this is unlikely. Infants start pointing between 9 and 12
months according to Bates 

 

et al.

 

 (1979) but only around
12 months according to extensive data from Butterworth

 

et al.

 

 (Butterwoth, Franco, McKenzie, Graupner & Todd,
2002). Index finger extensions occur in very young
infants (e.g. Trevarthen, 1977; Hannan, 1987) but not in
relation to an object. Thus, 6-month-olds will have no
experience of  their own pointing. Infants of  this age
will have experience of observing pointing in adults but
again never in the manner displayed in this experiment 

 

−

 

repetitively, from different angles, and, most importantly
in this context, making contact with the object. Whether

a poking action can be considered as an action that is
part of pointing is less clear. It is assumed by some (e.g.
Bates 

 

et al.

 

, 1979) that poking might be a precursor for
pointing (as pre-pointing), but others (e.g. Blake 

 

et al.

 

,
1994) found that they emerge simultaneously. Although
the two actions are somewhat similar superficially, the
major difference is the lack of contact with the object in
pointing. Furthermore, from the outset pointing is a
referential action (Butterworth 

 

et al.

 

, 2002), whereas
poking is a goal-directed action. Some have argued that
understanding these two types of action develops from
distinct mechanisms (Csibra, 2003).

Infants commonly observe others reaching and touch-
ing objects. Although there are again superficial similar-
ities between these actions and poking, our question is
whether infants interpret a given action as goal-directed.
Indeed, it can be argued that goal-directedness is what
turns motion into action (e.g. Dennett, 1987; Leslie, 1994;
Tomasello, 1999; Csibra & Gergely, 1998). If  experience
with touching objects or reaching for an object were
sufficient, then there would be evidence for goal-directed
action interpretation for any observed hand action that
involves some form of touching or reaching for an object.
However, this is not the case. Woodward has found that
actions other than the grasping action, for example,
touching the object with the back of the palm or touch-
ing the object with the index finger once, did not elicit
goal-attribution in 6- or 9-month-old infants (Woodward,
1999; Woodward & Guajardo, 2002).

Repetitive poking from different angles will therefore
be an unfamiliar action for our youngest babies and for
our oldest babies relatively unfamiliar (compared to
grasping, for example). We hypothesized that neverthe-
less infants will encode the goal of both the animate and
inanimate actions and that looking times across these
conditions would not differ. Three age groups were tested:
12-, 9-, and 6-month-olds.

 

Method

 

Participants

 

Forty-eight 12-month-old (24 males and 24 females,
mean age = 12 months 1 day, SD = 15.9 days, range 11
months to 12 months and 29 days), 48 9-month-old (28
males and 20 females, mean age = 8 months 28 days,
SD = 9.4 days, range from 8 months and 14 days to 9
months and 15 days), and 48 6-month-old (28 males and
20 females, mean age = 6 months 8 days, SD = 14.2
days, range from 5 months and 2 days to 6 months 29
days) infants participated in the study. An additional 13
12-month-old, seven 9-month-old, and 13 6-month-old
infants were also tested but were excluded from the data
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analysis because of fussiness (five, four and six, respec-
tively), experimental error (six, two and three), inatten-
tiveness during familiarization (two, one and three), or
looking less than 2 seconds on each of the test trials
(zero, zero and one) (see Procedure below). All of the
subjects in this and the subsequent experiments were
healthy, full-term infants living in the New Brunswick,
NJ area and were recruited through mailings.

 

Material/apparatus

 

Infants sat in their parent’s lap in a darkened experimental
room (a curtained booth) facing a stage from a distance
of approx. 1 meter. The stage was 70 cm high 

 

×

 

 103 cm
wide 

 

×

 

 48 cm deep and was made from white cardboard.
A black curtain could be raised to block the stage from
view between trials. An opening on the right side of the
stage, which was covered by a white curtain, allowed the
experimenter to enter her arm or an object into the stage
area. Two concealed lamps illuminated the stage. A com-
puter signal turned the lights on to start the first trial. A
video camera focusing on the baby’s face was mounted
above the stage peeping through the opening of a dark
blue curtain. All infants were videotaped and a hidden
observer, blind to the experimental condition, timed the
infants’ looks in the test trials at the displays from a
black and white head-and-shoulders en face video
image. The observer could neither see the stage area nor
the experimenter’s arm. Another camera mounted above
the head of the infant recorded the stage area. A split
screen recording was made, with the stage image on the
top and the baby’s face on the bottom part of the dis-
play. The timing of the trials and the movements of the
experimenter were regulated by a metronome beating
softly every second.

 

Stimuli and procedure

 

Familiarization trials.

 

Half  of the infants in each age
group were assigned to the Poking Hand condition,
while the other half  participated in the Poking Tube con-
dition. In both conditions infants saw four familiariza-
tion trials. At the start of each trial the curtain was
lowered to reveal the stage. On the stage floor there were
two toys: a yellow plastic bear and a green ball with
white stripes (both were about 12 cm tall). Each toy was
sitting on pedestals made from white cardboard
(12 

 

×

 

 12 

 

× 

 

12 cm) which were 20 cm apart. In the Poking
Hand condition, after a computer signal turned on the
lights, the experimenter reached in through the opening
on the right side of the stage and started to ‘poke’ one
of the toys. In each trial she poked the toys 10 times with
her extended index finger (each poke took about 2 sec

including the approaching, touching and retrieving of
the hand). Both the angle of the poking and the spot on
the toy that was touched were varied (see Figure 1). The
experimenter’s arm was bare and she wore no rings or
other jewelry. The arm was the only part of her that was
visible. Each familiarization trial lasted about 20 seconds.
Between the trials the curtain was raised and there was an
approximately 3-sec pause.

The familiarization procedure in the Poking Tube
condition was identical to that in Poking Hand condi-
tion with the exception that the poking action was
carried out by a paper tube. The paper tube was made
of two pieces of rolled-up brown cardboard paper. The
main piece was 56 cm long and 4–5 cm in diameter. The
smaller ‘finger’ piece, which was attached to the end of
the main part, was 6 cm long and 2 cm in diameter (see
Figure 1). Note that the paper tube did not resemble a
hand; it only had similar dimensions and color. The
paper tube poked the target toys in the same manner
and rhythm as the hand did. The experimenter who
operated the paper tube was neither visible nor audible.

In both conditions the position of the toys (left/right),
the location of the poking action (near side/far side) and
the target object (bear or ball) were varied and counter-
balanced during the familiarization trials.

 

Test trials

 

.

 

After the fourth familiarization trial the cur-
tain was raised and the positions of the two toys were
switched. Then the curtain was lowered and the infants
were shown the toys in their changed positions without
the presence of the arm or the tube for 5 seconds. Fol-
lowing this short trial, one of two types of test events
was given to the infants. Half  of the infants saw two
identical tests trials in which the arm (in the Poking
Hand condition) or the paper tube (in the Poking Tube
condition) was poking the same toy as had been poked
during the familiarization. However, since the toys had
been swapped, the poking action took place at a differ-
ent location (old goal/new location test event; see Figure
1). The other half  of the infants saw two tests trials in
which the experimenter’s arm/the paper tube poked a
new toy while the action took place at the old location
(new toy/old location test event; see Figure 1). Thus, there
were 12–12 infants for each test trial type (old goal/new
location and new goal/old location) in both conditions
(Poking Hand/Poking Tube) with girls and boys distributed
approximately evenly across the test events.

The online observer started to measure the looking
times when the poking action started and the baby was
looking at the stage. The experimenter or the paper tube
continued poking in the same rhythm and manner as in
the familiarization trials for the duration of the test trial.
The test trial ended when infants had looked continuously
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for a minimum of 2 sec and then looked away continuously
for 2 sec. If  infants looked away before 2 sec elapsed the
trial was started again. There was a pause of about 3 sec
between the two test trials. Parents were asked to close
their eyes during the test trials and instructed to refrain
from talking to the infant during the whole session
except for giving comfort when necessary.

 

Reliability coding

 

. To assess reliability, offline observers
measured each infant’s looking times from the videotaped
record. The observers were undergraduate students,
trained in coding looking times, who were unaware of
the conditions of the trials and the experimental design.
Inter-observer agreement was computed for each infant’s
looking times in the two test trials and the agreement was
accepted if it was above or equal to 95%. If the agreement
was below 95%, a second offline observer was asked to
measure the looking times again independently. If  this
did not lead to agreement with one of the other observers,
then the looking times of that infant were excluded
from the analyses (this happened for one participant).

 

Results

 

The looking times of the two test trials were analyzed.
Preliminary analysis did not reveal any effect of sex,

location of the poking action (near side vs. far side) and
target object (bear vs. ball). These factors therefore were
omitted from further analyses. Using Condition (2)
[Poking Hand vs. Poking Tube], Trial Type (2) [new goal/
old location vs. old goal /new location], Position (2) [left
vs. right], Age group (3) [6-, 9-, 12-month-olds] as between-
subject factors and Test Trial (2) as within-subject factor
an ANOVA was carried out that showed the following
effects. A main effect of Trial Type was found [

 

F

 

(1,
120) = 9.70, 

 

p

 

 < .002]. Effect size was calculated using

 

η

 

2

 

 

 

×

 

 100 which showed that Trial Type factor accounted
for 7.5% of the variance. This main effect indicates that
overall infants across all age groups and conditions
looked longer in the new goal/old location test event than
in the old goal /new location test event. The ANOVA also
revealed a Position main effect [

 

F

 

(1, 120) = 9.83, 

 

p

 

 < .002,
effect size: 7.6%] indicating that overall infants looked
longer when the bear was on the right side of the stage
in the test trials. Furthermore, the ANOVA showed a
Test Trial [

 

F

 

(1, 120) = 29.90, 

 

p

 

 < .0001, effect size: 20%]
main effect indicating that looking times significantly
declined across the two test trials. Finally, an interaction
between Test Trial and Condition was also found [

 

F

 

(1,
120) = 7.18, 

 

p

 

 < .008, effect size: 5.6%] which revealed
that infants looked significantly longer in the new goal/
old location test event than in the old goal /new location

Figure 1 Stimulus events of the Poking Hand and the Poking Tube conditions in Experiment 1.
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test event only in the first trial [

 

t

 

(142) = 3.376, 

 

p

 

 < .001],
but not in the second trial.

Although the ANOVA did not reveal a main effect of
Age group or an interaction effect between the Age group
and Condition or Trial type factors, separate 

 

t

 

-tests were
carried out for both conditions in each age group. Mean
looking times with standard errors by age groups and
conditions are shown in Figure 2. 

 

T

 

-tests showed that,
in the Poking Hand condition, the 6-months-old [

 

t

 

(22) =
2.61, 

 

p

 

 < .02, two-tailed] and the 9-months-old age
groups [

 

t

 

(22) = 2.27, 

 

p

 

 < .04, two-tailed] in the first test

trial, and the 12-months-old age group in the average
looking time of the two test trials [

 

t

 

(22) = 2.13, 

 

p

 

 < .05,
two-tailed] looked significantly longer in the new
goal/old location test event than in the old goal /new
location test event. In the Poking Tube condition, the
6- and 12-months-old age groups looked considerably
longer in the new goal/old location than in the old goal /
new location test event; however, the differences were
not significant.

A follow-up analysis was carried out to test an alter-
native explanation for the looking pattern found for the
two test events. One could argue that infants looked
longer in the ‘new goal/old location’ test event simply
because their attention was drawn (by the poking hand
or tube) to a ‘novel object’. This explanation was termed
by Woodward (1998; see also Heineman-Pieper &
Woodward, 2003) the ‘spotlight effect’. Note, however,
that although the spotlight effect could possibly have
been present in both conditions, it was only in the
Poking Hand condition that infants looked significantly
longer in the new goal/old location test event than in the
old goal /new location test event. One could argue though,
that the poking hand 

 

−

 

 being inherently more interesting

 

−

 

 might have been a better attention getter than the
poking tube. This possibility was tested by comparing
infants’ attention allocated to the two objects in the two
conditions. If  infants in the Poking Hand condition
spent more time looking at the ‘novel object’ than in the
Tube condition, then the ‘spotlight effect’ could be
responsible for the findings. Eighteen infants in each
condition (six infants in each age group) were randomly
selected and their videotapes were re-coded. For each
test trial the proportion of the total trial time spent
looking at the object that was poked and at the other
object was calculated. Mean proportions for both condi-
tions are depicted on Figure 3. To assess the effective-
ness of the hand and the tube as spotlights, for each
infant the difference in percentage between the looking
times to the two objects was also calculated for both
conditions. These differences were significantly higher
than 0 in both conditions, that is, infants spent more
time looking at the object that was acted upon than the
other object [Hand: 

 

t

 

(17) = 8.65, 

 

p

 

 < .0001, two-tailed;
Tube: 

 

t

 

(17) = 18.48, 

 

p

 

 < .0001, two-tailed]. The difference,
however, was larger in the Poking Tube condition than
in the Poking Hand condition [

 

F

 

(1, 35) = 9.17, 

 

p

 

 < .005,
effect size: 23.4%]. There was no effect of the Age Group
factor. This result indicates that the ‘spotlight effect’ was
in fact stronger in the Poking Tube condition. Therefore,
our finding that in the Poking Hand condition infants
looked significantly longer in the new goal/old location
test event than in the old goal /new location test event
cannot be reduced to a ‘spotlight effect’.

Figure 2 Mean looking times (bars show SEM) in the first test 
trial in Experiment 1 as a function of Trial Type and Age group 
(* = p < .05).
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Discussion

 

In the first experiment we investigated whether infants
are able to encode the goal object of an unfamiliar
human action (Poking Hand) and an inanimate action
(Poking Tube) if  these actions provide the infants with a
behavioral cue for goal-directedness, namely, equifinal
variations of the action towards the goal-state. In the
Poking Hand condition, we found that 12-, 9- and even
6-month-old infants can evaluate the goal-directedness
of the observed action. The fact that even the youngest
age group showed this ability suggests that infants’ own
experience with particular actions is not a necessary pre-
condition for the ability to interpret human actions as
goal-directed. Instead, as we proposed, it is the presence of
relevant behavioral cues that allows such an interpretation.

Our result is consistent with the finding of Jovanovic
and her colleagues (under review) which showed that
infants as young as 6 months old are also able to encode
the goal of an unfamiliar hand action when the behav-
ioral cue that was provided was a salient action effect.
Thus, there are two independent studies using different
behavioral cues providing evidence that it is not only the
familiar grasping action that infants at such an early age

can consider as goal-directed. Furthermore, the facilitat-
ing role of the equifinality cue in interpreting the poking
hand action as goal-directed is also supported indirectly
by Woodward and Guajardo’s recent study (2003). In
this study, infants observed a human action in which an
extended index finger simply touched the target object
once and then rested on the object. It was found that only
12-month-olds and some 9.5-month-olds could consider
this action goal-directed. Touching the object with the
index finger involves the same movement as our poking
action except that it lacks behavioral cues. Perhaps
then it was the equifinal variations that were present in
our repetitive-from-different-angles poking hand action
that triggered goal attribution in infants as young as
6 months old.

In the inanimate Poking Tube condition infants also
demonstrated sensitivity to the goal-directedness of the
action. This can be concluded from the fact that the
looking patterns did not differ across the two conditions
(Poking Hand vs. Poking Tube). This finding is an
important one, because Woodward’s critical result (1998)
was an interaction between the inanimate and animate
conditions showing that infants treated the two conditions
markedly differently in terms of goal-directedness. This
was not the case in our present study. On the other hand,
when the Poking Tube condition was analyzed separ-
ately in each age group, none of the age groups showed
evidence for goal-attribution (although the 6- and the
12-month-old infants showed the same pattern in their
looking times as in the Poking Hand study, see Figure
2). Therefore, we cannot conclude with confidence that
infants demonstrated the ability to interpret the inanimate
Poking Tube action as goal-directed.

It is possible that the reason we did not find as strong
evidence for goal attribution in the Poking Tube condi-
tion as in the Poking Hand condition, is that equifinal
variations of the action 

 

−

 

 the behavioral cue that was
provided to help trigger the goal-directed action inter-
pretation 

 

−

 

 was expressed less effectively in the Poking
Tube condition than in the Poking Hand condition. In
both conditions, equifinal variations of the action were
created by the actor approaching the target toy from
various angles and poking the toy on different sides.
However, since a human hand is more flexible than a
paper tube (because our joints, fingers, hand and arm
can all move separately) the variations of the hand’s
movement might have been more apparent than those of
the paper tube. This difference may have resulted in not
having the behavioral cue effectively available in the
Poking Tube condition.

Another concern regarding the way in which the equi-
finality cue was applied in our experiment is that it did
not include equifinal adjustments. That is, there was no

Figure 3 Average proportion of test trials infants spent looking 
at the goal and the no-goal object for each experiment and age 
group.
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change in the environment or in the properties of the
goal object that the actor had to adjust its action to. We
simply showed the infants that the actor is capable of
achieving its goal via different paths (equifinal variations).
Some argue (Gergely 

 

et al.

 

, 1995; Csibra & Gergely, 1998;
Tomasello, 1999; Dennett, 1987) that witnessing equifinal
adjustments in a changed situation is essential for being
able to predict future goal-directed actions. Therefore, it
is conceivable that lacking this characteristic of equifinality
made this cue less effective. However, equifinal adjust-
ments were missing in both conditions and yet, infants
did attribute goals in the Poking Hand condition.

A further possibility is that in the case of inanimate
actions a single cue is not sufficient for eliciting a goal-
directed action interpretation. Recall that one group of
theories (e.g. Leslie, 1994; Csibra 

 

et al.

 

, 2003) emphasized
that infants often require 

 

multiple

 

 behavioral cues to
successfully evaluate goal-directedness of actions. The
presence of multiple behavioral cues might be particu-
larly important in the case of inanimate actions, since
infants do not have any prior knowledge of inanimate
actors, for example, as agents, that is, able to move and
change their path autonomously. On the other hand, hands
are already categorized as agents before the infant even
comes into the laboratory due to the infant’s experience
with the behavioral characteristics of hands, both his
own and other people’s. However, such pre-categorization
of rods, mechanical claws or paper tubes will not have

taken place. Therefore, in the case of inanimate actors,
infants may need to be provided with more direct per-
ceptual cues. This possibility is also supported by two
‘negative’ findings (Jovanovic 

 

et al.

 

, under review;
Kamewari, Kato, Kanda, Ishiguro & Hiraaki, 2005,
Experiment 3). In both of these studies inanimate actors
displayed only a single cue (an action-effect or self-
propulsion, respectively) and 6-month-olds were unable to
interpret the actions as goal-directed. In Experiments 2,
3 and 4 we investigated this hypothesis by testing infants’
ability to encode the goal object of an inanimate action
that displayed the combination of some or all of the
following cues: self-propelledness, action-effect and equi-
final variations of actions.

 

Experiment 2

 

Woodward’s set-up (1998) was applied again. This time
we used a wooden rod as the inanimate actor. The action
of the rod provided the infants with two of the behavio-
ral cues mentioned above. In the familiarization phase,
the rod demonstrated self-propelledness: it freely moved
around by changing its path in a random fashion. Then
it produced an effect in its goal-approach: it touched,
lifted up, and then replaced the target toy. This novel
and ‘magical’ effect was achieved by attaching pieces of
Velcro to both the wooden rod and the toys (see Figure 4).

Figure 4 Stimulus events in Experiment 2.



 

Infants’ perception of goal-directed actions 389

 

© 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd.

 

Method

 

Participants

 

Thirty-two 12-month-old (19 males and 13 females,
mean age = 11 months 26 days, SD = 20.4 days, range 11
months to 12 months and 29 days), 32 9-month-old (17
males and 15 females, mean age = 9 months 2 days,
SD = 10.6 days, range from 8 months and 9 days to 9
months and 18 days) and 13 6-month-old (7 males and
6 females, mean age = 6 months 2 days, SD = 14 days,
range from 5 months and 17 days to 6 months 28 days)
infants participated in this study. An additional ten 12-
month-old, eight 9-month-old and one 6-month-old
infants were excluded from the data analysis because of
fussiness (five, three, zero, respectively), experimental
error (eight, four, one), or inattentiveness during famil-
iarization (zero, one, zero).

 

Apparatus

 

The apparatus used in Experiment 2 was identical to
that of Experiment 1, except that the stage was only
55 cm wide and the toys were not sitting on a pedestal
but directly on the stage 20 cm apart.

 

Stimuli and procedure

 

Familiarization trials

 

.

 

Infants saw five familiarization
trials. The curtain was raised between the trials and
there was an approximately 2–3 sec pause between the
trials. In the first familiarization trial the stage floor was
empty. After a computer signal turned the lights on, the
experimenter entered a wooden rod (60 cm long, 2.5 cm
wide and 1.5 cm deep) through the opening on the right
side of the stage and moved the rod several times in
random fashion (up, down and around) in the stage
area. The end of the rod (about 7 cm long) was wrapped
with red Velcro (see Figure 4). This trial lasted about
8 sec. When the curtain was raised two toys were placed
on the stage, a yellow plastic bear and a green ball with
white stripes (the same toys as were used in Experiment
1). There was a 3 

 

×

 

 3 cm piece of white Velcro attached
on the top of both the bear and the ball. In the second
familiarization trial the infants saw the two toys sitting
on the stage for 5 sec. In the 3–5 familiarization trials
the experimenter reached in with the rod and touched
the top of one of the two toys. The rod stayed still for 3
seconds then lifted the toy up (thanks to the Velcro) and
held it in the air about 15 cm high for 3 seconds before
placing it back on the stage floor and leaving it there for
another 3 seconds. The pick-up was repeated a second
time. At the end of the trial the rod stayed still in touch

with the ball on the stage floor for 5 seconds (see Figure 4).
The trial lasted about 18 seconds. The experimenter’s
hand was not visible in any of the trials. The rod and the
toy were separated only when the curtain was raised
after the trials. After the fifth familiarization trial the
curtain was raised and the positions of the two toys were
switched. Then the curtain was lowered and the toys
were shown in their new locations but without the pres-
ence of the rod for 5 seconds.

 

Test trials

 

.

 

One of two types of test events was given to
the infants. Half  of the infants saw two identical test
trials in which the rod touched the same toy as in the
familiarization trial. This time, however, the rod did not
lift the toy, but merely stayed still until the infant looked
away. However, since toys had been swapped, the touch-
ing action took place at a different location (old goal /
new location test event). The other half  of the infants
saw two test trials in which the rod touched the new toy
while the action took place at the old location (new
goal/old location test event; see Figure 4). The online
observer started to measure the looking times when the
rod touched the toy and when the infant was looking at
the stage. All other aspects of the procedure were iden-
tical to those of Experiment 1. To assess reliability, the
same procedure was used as in Experiment 1. In all cases
the agreement was above 95% either between the online
observer and one of the offline observers, or between the
two offline observers.

 

Results

 

The looking times of the two test trials were analyzed.
Preliminary analysis did not reveal any effect of the loca-
tion of the poking action (near side vs. far side), the
position of the toys (bear left vs. bear right) or the target
object (bear vs. ball). Therefore, these factors were
omitted from further analyses. Using Trial Type (2) [new
goal/old location vs. old goal /new location], Sex (2), Age
group (3) [6, 9 and 12 months] as between-subject
factors and Test Trial (2) as within-subject factor an
ANOVA was carried out. The analysis found a Test Trial
main effect [

 

F

 

(1, 65) = 8.27, 

 

p

 

 < .005, effect size: 11.3%],
indicating that looking times significantly declined
across the two test trials. The ANOVA also found an
Age group main effect [

 

F

 

(1, 65) = 3.32, 

 

p

 

 < .05, effect
size: 9.3%]. Post-hoc tests (Bonferroni) revealed that this
was due to the fact that overall the 9-month-old infants
looked significantly longer than the 12-month-olds.
Furthermore, there was a Trial Type 

 

×

 

 Sex interaction
[

 

F

 

(1, 65) = 8.40, 

 

p

 

 < .005, effect size: 11.4%], indicating
that overall girls looked in the new goal/old location test
event longer than in the old goal/new location test event
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[

 

F

 

(1, 32) = 5.96, 

 

p

 

 < .02, effect size: 15.7%], while boys
looked equally long in the two type of test events.

 

1

 

 Finally,
the ANOVA found a significant Test Trial 

 

×

 

 Trial Type 

 

×

 

Age group interaction [

 

F

 

(1, 65) = 3.37, 

 

p

 

 < .04, effect
size: 9.4%] as well as a Trial Type 

 

×

 

 Age group 

 

× 

 

Sex
interaction [

 

F

 

(1, 65) = 3.31, p < .05, effect size: 9.3%].
To explore these interactions, separate ANOVAs were

carried out in each age group with the following results:
In the 12-month-old age group infants looked signific-
antly longer in the new goal/old location test trial than
in the old goal /new location test trial [F(1, 28) = 11.63,
p < .002, effect size: 29.3%] in the first test trial. The 9-
month-old age group showed a similar pattern: they also
looked longer in the new goal test event that in the old
goal test event, but the difference fell short of significance
[F(1, 28) = 3.55, p < .07, effect size: 11.3%]. However, non-
parametric tests revealed a reliable difference between
the new goal/old location test event and the old goal /
new location test event in the first test trial in this age
group (Mann-Whitney U = 72.0, z = −2.11, p < .04, two-
tailed).2 The 6-month-old age group looked equally long
in the two types of  test events. Sex had no effect on
the looking times when the age groups were analyzed
separately, except in the 9-month-old age group where
a tendency for a Trial type × Sex interaction was found
in the first trial [F(1, 28) = 3.36, p < .077, effect size:
10.07%]. Mean looking times with standard errors by
age groups in the first test trials are shown in Figure 5.

As in Experiment 1, the ‘spotlight effect’ of the rod
was explored in Experiment 2. Eighteen infants (six from
each age group) were randomly selected and their video
recordings were scored in the same way as in Experiment
1. Mean proportions of the total trial time spent looking
at the object that was touched by the rod and at the
other object are depicted on Figure 3. The difference
between the proportional looking times to the two objects
was significantly higher than 0, that is, infants spent more
time looking at the object that was acted upon than the
other object [t(17) = 13.00, p < .0001, two-tailed]. There
was, however, no difference between the three age groups
[F(1, 17) = 0.34, p < .71, effect size: 4.4%]. These results

indicate that the rod drew infants’ attention to the target
object and that it served as a spotlight with the same
effectiveness in all age groups. Note, however, that only
the 12-month-old age group looked significantly longer
in the new goal/old location test event than in the old
goal/new location test event. If  ‘spotlight effect’ were
responsible for this looking pattern, then the other two
age groups should also have looked longer at the new
goal/old location test event. Since this was not the case,
the ‘spotlight effect’ is an unlikely explanation for the
main finding in Experiment 2.

Discussion

In Experiment 2 we tested whether infants can attribute
a goal to an inanimate action that exhibits two behavioral
cues: self-propelledness and an action-effect. We found
that 12-month-old infants were able to encode the goal
of the inanimate action when these cues were provided.
Nine-month-olds also showed a similar ability, as revealed
by non-parametric test. Six-month-olds, however, were not
able to evaluate the goal-directedness of the inanimate
action. The performance of the 12-month-old infants in
Experiment 2 compared to that in the Poking Tube condi-
tion of Experiment 1 suggests that the presence of multiple
cues as opposed to a single cue results in an enhanced
ability to identify the goal of an inanimate action. Why
did the 6-month-olds not benefit from the availability of
multiple cues in Experiment 2? We argue that their diffi-
culty might be due to certain aspects of our experimen-
tal design rather than to their insensitivity to these cues.

Recall that the two cues were available only during the
familiarization period. In the test events the wooden rod
simply touched the toy and stayed still. Thus, there were
no action-effect (pick-up) or self-propelledness cues pro-
vided in the test events. One can speculate that when the
infants watched the test events, they expected the rod to

1 There are only a few studies reporting sex differences in various
cognitive or perceptual tasks in infancy (e.g. Baillargeon & DeVos,
1991; Kavsek, 2004; Arterberry & Bornstein, 2002). There are no clear
explanations for these differences; neuropsychological reasons are
sometimes suggested with certain brain structures being different due
to hormones. Since sex difference was only found in Experiment 2 and
not in any of the other three experiments, we cannot make a general
conclusion of girls being better/quicker than boys in their development
of goal-attribution.
2 In all experiments, non-parametric tests were also carried out to
confirm the results. These tests are only reported when they are different
from the results of the parametric tests.

Figure 5 Mean looking times (bars show SEM) in the first test 
trial in Experiment 2 as a function of Trial Type and Age group 
(* = p < .05, only with non-parametric test in 9-month-olds).
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act the same way as in the familiarization, that is, they
expected it to pick up a toy (regardless of which toy the
rod approached). The fact that the rod’s action differed
from their expectations may have diverted the infants’
attention from identifying which particular toy was
involved. Thus, their looking times in the test events may
have reflected the change in the action of the rod, which,
however, was the same in both types of test events (new
goal vs. old goal). Apparently, the 12-month-old infants
were able to overcome their expectations and therefore paid
attention to the particular toy involved in the rod’s action.

Another possible explanation for our finding is related
to infants’ ability to interpret actions as sequences in the
service of an overarching goal. This ability was elegantly
demonstrated by Woodward and Somerville (2000), who
showed that an action − which by itself  was not treated
as goal-directed by infants − can be considered as goal-
directed by 12-month-olds if  they have already seen the
action in a goal-directed context (if  it was a prerequisite
for achieving a goal, a means to an end). In our experiment,
the ‘rod touching the toy’ can be considered as a sub-
action in the service of the goal action: the ‘rod picking
up the toy’. It is then conceivable that the 12-month-old
infants could link the sub-action to the goal action in the
familiarization. Then in the test events, without witnessing
the goal action itself, they were able to interpret the sub-
action as directed to the same goal as before, and conse-
quently they were surprised to see the different target
object. On the other hand, the 9-, and particularly the 6-
month-old infants could not relate the sub-action as a
causal prerequisite for the goal and seeing a different toy
being acted upon did thus not violate their expectations.

Experiment 3

With these possible explanations for the results of
Experiment 2 in mind, Experiment 3 replicated Experi-
ment 2 except that the rod not only touched but also
picked up the toy in the test events. That is, the action-
effect cue was available in both the familiarization phase
and in the test events. This way we could exclude the
possibility that the younger infants were unable to
encode the goal object of the inanimate action because
of difficulties in linking the sub-action to the goal action.
We tested 9- and 6-month-old infants.

Method

Participants

Twenty-four 9-month-old (15 males and 9 females, mean
age = 8 months 30 days, SD = 10.8 days, range 8 months

16 days to 9 months and 27 days) and 13 6-month-old
(6 males and 7 females, mean age = 6 months and 1 day,
SD = 11.1 days, range from 5 months and 16 days to 6
months and 15 days) infants participated in the study.
An additional six 9-month-old and two 6-month-old
infants were also tested but were excluded from the data
analysis because of fussiness (one, zero, respectively) or
experimental error (five, two).

Apparatus

The apparatus used in Experiment 3 was identical to
that of Experiment 2.

Stimuli and procedure

The stimuli in Experiment 3 were identical to those of
Experiment 2 with the following exception. In both
types of test events the rod did not only touch the target
toy but also lifted it up once before placing it back in the
same manner as in the familiarization trials (see Figure 6).
The online observer started to measure the looking
times when the rod touched the toy and when the infant
was looking at the stage. To assess reliability, the same
procedure was used as in Experiment 1. In all cases the
agreement was above 95% either between the online
observer and one of the offline observers, or between the
two offline observers.

Results

The looking times of the two test trials were analyzed.
Preliminary analysis did not reveal any effect of sex,
location of the poking action (near side vs. far side), the
position of the toys (bear left vs. bear right) and the
target object (bear vs. ball). These factors were therefore
omitted from further analyses. Using Trial Type (2)
[new goal/old location vs. old goal /new location] and Age
group (2) [9- vs. 6-month-olds] as between-subject factors
and Test Trial (2) as within-subject factor, an ANOVA
was carried out. It revealed a Test Trial main effect [F(1,
21) = 4.64, p < .04, effect size: 18.1%], indicating that
overall infants looked longer in the first test trial than in
the second test trial. A Trial Type × Age group inter-
action was also found [F(1, 21) = 4.35, p < .05, effect size:
17.2%]. This interaction was further investigated by
separate ANOVAs in each age group. In the 6-month-old
age group, no main effects or interactions were found. In
the 9-month-old age group the Trial Type showed a sig-
nificant main effect [F(1, 22) = 4.29, p < .05, effect size:
16.3%], indicating that 9-month-old infants looked longer
in the new goal/old location test event than in the old
goal/new location test event. The mean looking times
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with standard errors in the first test trials are shown by
age groups in Figure 7.

As in the previous experiment, the ‘spotlight effect’ of
the rod was also explored in Experiment 3. Eighteen
infants (nine from each age group) were randomly
selected and their video recordings were scored in the
same way as in Experiment 1. Mean proportions of the
total trial time spent looking at the object that was lifted
by the rod and at the other object are depicted in Figure 3.
The difference between the proportional looking times
to the two objects was significantly higher than 0, that
is, infants spent more time looking at the object that was
acted upon than the other object [t(17) = 15.58, p < .0001].

The differences between these looking times, however,
did not differ in the two age groups [F(1, 17) = 0.43, p < .52,
effect size: 2.6%]. These results indicate that the rod’s
action was just as effective a spotlight for the 6-month-
old age group as it was for the 9-month-old age group.
However, it was only the 9-month-old group that looked
significantly longer in the new goal/old location test
event than in the old goal /new location test event. The
same argument can be made here as in Experiment 2:
looking patterns for the new goal/old location and the
old goal /new location test events cannot be caused by
the spotlight effect, because then 6-month-old infants
should have also looked longer in the new goal/old location
test event than in the old goal /new location test event.

Discussion

In Experiment 3 we found that making the action-effect
cue available not only in the familiarization but also in
the test events apparently enhanced the size of the effect
in 9-month-olds to attribute goals to the inanimate
action. In Experiment 3, the effect size increased from
11% to 16% and was now significantly different between
the looking times for the two test events on parametric
tests. This indicates that when the rod not only touched
but also picked up the toy in the test event, the infants
expected the rod’s action to be directed to the same
target object as in the familiarization. This suggests that
9-month-olds still benefit from direct perceptual evidence

Figure 6 Stimulus events in Experiment 3.

Figure 7 Mean looking times (bars show SEM) in the first test 
trial in Experiment 3 as a function of Trial Type and Age group 
(* = p < .05).
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for the entire goal-directed action sequence in identify-
ing the goal.

The 6-month-olds, however, did not seem to be helped
by the addition of the action-effect cue to the test events.
Their looking times did not reflect that they considered
the rod’s action as goal-directed. Are infants not able to
encode the goal of an inanimate action at all at such an
early age or were they still lacking the appropriate stim-
uli? To probe this further, our next step was to enrich the
inanimate action with additional behavioral cues to see
whether the latter explanation was correct. In Experi-
ment 1, the equifinality cue was successfully used by 6-
month-olds in the case of the animate ‘poking hand’
action and, even in the inanimate ‘poking tube’ condi-
tion, 6-month-olds showed a tendency to be sensitive to
this cue. Therefore, in Experiment 4 we tested the power
of having available all three of the cues that we used so
far: self-propelledness, action-effect and equifinality.

Experiment 4

We replicated Experiment 3 with the exception that a
third cue, equifinal variations of the action, was added
to the familiarization phase. The wooden rod approached
the target toy from three different angles and picked the
toy up by sticking to three different parts. We expected
that having all three cues available, 6-month-old infants
might be able to consider the inanimate action as
goal-directed.

Method

Participants

Twenty-two 6-month-old (15 males and 7 females, mean
age = 6 months 5 days, SD = 17.7 days, range from 5
months and 16 days to 7 months and 2 days) infants
participated in the study. One additional infant was also
tested but was excluded from the data analysis because
of inattentiveness during familiarization.

Apparatus

The apparatus used in Experiment 4 was identical to
that of Experiments 2 and 3.

Stimuli and procedure

The stimuli in Experiment 4 were identical to those of
Experiment 3 with the following exception. There were
Velcro pieces attached to the top, the front and the back
of both toys. In the familiarization trials the rod entered
the stage area from various angles and lifted the target
toy by touching either its top (fam. trial 3), front (fam.
trial 4) or back (fam. trial 5; see Figure 8). The test trials
were identical to those of Experiment 3. To assess relia-
bility, the same procedure was used as in Experiment 1.
In all cases the agreement was above 95% either between
the online observer and one of the offline observers, or
between the two offline observers.

Figure 8 Stimulus events in Experiment 4.
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Results

The looking times of the two test trials were analyzed.
Preliminary analysis did not reveal any effect of sex,
location of the poking action (near side vs. far side), the
position of the toys (bear left vs. bear right) and target
object (bear vs. ball). Therefore, these factors were
omitted from further analyses. Using Trial Type (2) [new
goal/old location vs. old goal /new location] as between-
subject factor and Test Trial (2) as within-subject factor
an ANOVA was carried out. A Trial Type main effect
was found [F(1, 20) = 5.18, p < .034, effect size: 20.6%],
indicating that infants looked longer in the new goal/old
location test event than in the old goal /new location test
event. The mean looking times with standard errors in
the first test trial are shown in Figure 9.

Since there was only one age group in this experiment,
the spotlight effect of the rod was compared with that of
the previous experiments. Eighteen infants were randomly
selected from Experiment 4 and their video recordings
were scored in the same way as in the previous experi-
ments. Mean proportions of the total trial time spent
looking at the object that was lifted by the rod and at
the other object are depicted in Figure 3. The difference
between the proportional looking times to the two
objects was significantly higher than 0, that is, infants
spent more time looking at the object that was acted
upon [t(17) = 14.73, p < .0001, two-tailed]. The scores of
the 6-month-old age groups across the four experiments
were compared using Scheffe post-hoc test which
showed that these were not different [F(1, 44) < 1, ns].
This indicates that the same size of spotlight effect was
elicited in 6-month-olds in all experiments. Thus, the
fact that the four experiments involved different actions
(presenting different behavioral cues) did not affect the
strength of the spotlight effect in 6-month-olds. To test
if  goal-directed action interpretations of the actions were

influenced by the size of the spotlight effect, those
groups in which 6-month-old infants looked significantly
longer in the new goal/old location test event than in the
old goal/new location test event (Experiments 1 and 4)
were compared to those where no significant difference
was found between the two test events (Experiments 2
and 3). The ANOVA revealed no difference in spotlight
effect between these groups, indicating that the relative
novelty of the new object was not responsible for the
looking patterns for the test events [F(1, 44) < 1, ns].

Across experiment comparisons were also carried out
to see if  the type of action had any impact on the size of
spotlight effect. The ANOVA comparing the four exper-
iments revealed no difference in the spotlight effect (in
the scores for proportional looking time differences for
the two objects) between the experiments [F(1, 89) = 1.53,
p < .21, effect size = 5.1%]. To see whether the spotlight
effect had any role in the particular looking patterns of
infants for the two test events we compared the size of
the spotlight effect for those groups that showed a sig-
nificant difference between the two test events across the
four experiments and those that did not. The ANOVA
showed that there was no difference in the size of spot-
light effect between these groups [F(1, 89) = 2.38, p < .12,
effect size = 2.6%]. Taken together, all the analyses in the
four experiments suggest that the spotlight effect can be
excluded as an alternative explanation for the pattern of
looking times for the test events.

Discussion

The results of Experiment 4 suggest that even very young
infants are capable of interpreting inanimate actions as
goal-directed. However, it seems that to do so they
require the presence of multiple cues. While equifinality
by itself  (see Experiment 1, Poking Tube condition), or
self-propelledness coupled with an action-effect (Experi-
ments 2 and 3) were not sufficient to elicit goal-directed
action interpretation from 6-month-old infants, the
simultaneous presence of  these three cues was. The
question of how and to what extent the ability of goal
attribution depends upon these particular cues will be
considered in the general discussion.

General discussion

In four experiments we investigated the nature of goal-
directed action interpretation in infancy. In particular,
the experience-based and the cue-based accounts were
contrasted by examining certain action characteristics
that are assumed to be critical in goal-attribution by one
or the other account. Three main questions were raised.

Figure 9 Mean looking times (bars show SEM) in the first test 
trial in Experiment 4 as a function of Trial Type (* = p < .05).



Infants’ perception of goal-directed actions 395

© 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd.

One concerned the familiarity of the action. We found
that infants as young as 6 months old can consider an
action goal-directed even if  the action is not likely to
occur in their everyday life and if  they cannot perform it
themselves. This finding does not comport with the
experience-based approach: infants do not necessarily
have to acquire prior, hands-on experience with particu-
lar actions in order to be able to encode the goal of the
action. The second question concerned the perceptual
appearance (animate vs. inanimate) of the actor. We
found that (under certain circumstances, see below) 12-,
9- and even 6-month-old infants can consider the action
of both types of actors as goal-directed.

Our finding that infants are able to judge the goal-
directedness of the action of an inanimate object as early
as 6 months is also supported by some recent studies
(Luo & Baillargeon, 2005; Kamewari et al., 2005, Experi-
ment 2). These findings suggest that ascribing goal-
directedness is initially independent from the specific
appearance of the actor and not restricted to human
actions. In an important demonstration, Luo and Bail-
largeon (2005), using the Woodward paradigm, showed
that 5-month-old babies attributed goals to an object
whose motions appeared to be self-propelled. The object
was a rigid box without face or other animate-like mark-
ings that moved back and forth without visible means of
propulsion. Self-propulsion was thus the only cue to
agency and this proved sufficient for young babies to
attribute goals. Note that 5 months is the earliest age for
which sensitivity to the goal-directed nature of inanimate
actions has been reported. Evidence for such an early
onset is important for two reasons. First, it confirms the
hypothesis that previous studies which found a lack of
goal attribution in case of inanimate actions before 9
months of age reflected difficulties with task demands
rather than a failure to encode the goal of the action by
relying on abstract behavioral cues (e.g. Csibra et al., 1999).
Second, since the earliest evidence for goal attribution in
the case of human actions was also found at around 5 or
6 months (except from one study, but see argument below),
the assumption of the cue-based account, namely that
infants apply goal-directed interpretation to actions of a
wide range of entities from the start, is further supported.

The third question concerned the influence of behav-
ioral cues on infants’ ability to infer the goal of an
action. Three cues were used that have been widely sug-
gested in the literature as critical to goal-attribution:
self-propelledness, equifinal variations of the action, and
a salient action-effect. Overall, our findings demonstrate
that the presence of these cues can elicit infants’ goal-
directed action interpretations, while the lack of these
cues can prevent them from interpreting actions as goal-
directed (see below for specification). The performance

of the infants across the four experiments also provides
support for the view that it is not a single cue that
automatically triggers goal attribution, but rather that
infants use multiple cues when they make a judgment
about goal-directedness. This was demonstrated clearly
in Experiment 4, where we found that the youngest age
group, the 6-month-olds, could only consider an inanim-
ate action as goal-directed when all three cues were
present.3

The relationship between the cues and the role they
play in determining goal-directedness is currently under
debate. Particularly, the presence of self-propelledness was
proposed by some (Premack, 1990; Baron-Cohen, 1994)
as a precondition for setting up a goal-directed inter-
pretation: only when an object’s motion is self-propelled
will infants consider other cues that are relevant for
identifying the goal of the action. Others (Csibra et al.,
1999), however, demonstrated that for 9- and 12-month-
old infants, witnessing an object’s movement as self-
initiated is neither a sufficient nor a necessary condition
for making inferences about the object’s goal-directed
behavior (see Luo & Baillargeon, 2005). Note that
because our present study did not investigate the relation-
ship (necessary and sufficient conditions) between
the three cues systematically, we cannot draw strong
conclusions about this issue. The findings in Experiment
1 were inconclusive regarding the sufficiency of the equi-
finality cue by itself. The self-propulsion cue and the
action-effect cue were not available solo in any of the
experiments. The simultaneous presence of these two
cues was sufficient for 9- and 12-month-old infants to
encode the goal of the action (see Experiments 2 and 3).
Finally, Experiment 4 showed that when all three cues
were available, even 6-month-olds did interpret the
action as goal-directed. (We will return to the possible
reasons for the age-related differences.) However, whether
all three cues are necessary, or whether either ‘equifinality
with self-propulsion’ or ‘equifinality with an action-effect’
is sufficient for goal-attribution in 6-month-olds is an
open question. In fact, Kiraly and her colleagues (2003)
suggested that the latter pair, ‘effect plus equifinality’, is
sufficient, which is consistent with our finding. Overall,
equifinal variations may be relatively more important for
goal attribution than the other cues in our study. One
may speculate that what equifinal variations convey is an
impression of ‘autonomous behavior’ or ‘free will’. In
Shimizu and Johnson (2004) infant goal attribution

3 Note that in Experiment 1, the equifinality cue by itself  was sufficient
to encode the goal of the Poking hand action. However, as we argued
in the introduction, the infants might also have relied on other cues
already associated with the actions of human hands. Therefore, the
multiplicity question can be safely addressed only in the case of unfamiliar
inanimate actions.



396 Szilvia Biro and Alan M. Leslie

© 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd.

appeared to follow cues that an unfamiliar object made
a ‘choice’ between two targets. Self-initiated movement
too may be effective just insofar as it conveys this ‘auto-
nomy’. Studies with adults have begun to characterize the
psycho-physical basis of what we are calling ‘cues’ (e.g.
Tremoulet & Feldman, 2000). Studies with infants are
needed to determine their developmental role.

Our findings also accord with the idea that the rela-
tionship between cues and the identification of goal-
directedness is probabilistic (Leslie, 1995; Csibra, 2003).
While the presence of some cues might indeed be neces-
sary, other cues may simply make it more (or less) likely
that infants will ascribe goal-directedness to an action.
That is, the presence of additional cues can strengthen
the interpretation of the action as goal-directed. The
improvement in the performance of our youngest infants
as more cues became available (Experiments 2 to 4) may
reflect just such a relationship.

We turn now to the function of behavioral cues in the
development of goal attribution. Adults’ goal-directed
action interpretations do not (entirely) depend on the
direct perception of behavioral cues (although in ambigu-
ous cases we do look for them) and is (mostly) applied
to human action. We argue that this shift takes place
gradually as infants start to calculate the statistical asso-
ciation between the cues they are initially sensitive to
and between these and other event properties, such as
the type of actors that are likely to exhibit these cues.
When such associations are established, infants can
anticipate goal-directed actions from actors identified by
surface features without collecting direct evidence for
behavioral cues. We propose then that the perception of
goal-directed action develops by bootstrapping from an
innate cue base into a learning mode. In this view, the
infant begins with a core notion of goal-directed agent
that is triggered by a certain range of cues. This provides
the entry point into a domain-specific learning process
that accretes further information about the different kinds
of agents and actions the infant is exposed to. Further-
more, such learning, expanding outward from the innate
base, can go forward efficiently: featural cues specifying
a hand can come to signal goal-directed agency via asso-
ciation with the innate behavioral cues. An infant, who has
already categorized hands as agents, can then anticipate
that a hand will tend to act in a goal-directed way, even
in the absence of the core behavioral cues. Of course, the
mere fact that an infant has categorized a hand as agent
in no way guarantees that she will be able to determine
for each and every hand motion what its goal might be.
New actions will demand new goal learning. One impor-
tant heuristic for this type of learning might be to
hypothesize that the observed typical effect of  a given
action performed by a hand-agent is its intended goal.

As an example of cue-based bootstrapping, consider
infants’ success with encoding the goal of the stationary
grasping hand in Woodward’s (1998) study. Although
there were no (or insufficient) motion cues available in
that event considered in isolation, infants had already
learned additional cues associated with the hand and with
its grasping action. Similarly, the developmental trend
found in Experiments 2 and 3 shows that older infants do
not require the presence of direct behavioral cues once they
have had the opportunity to associate these with the actor
− even with an inanimate actor. Recall that 12-month-
old infants, but not 6-month-olds, could interpret the
stationary touch of the wooden rod as goal-directed after
they had seen the wooden rod being able to pick up the
target toy, while 9-month-olds appeared to be in transition.
That is, 12-month-olds quickly learnt that the wooden
rod can produce an effect and could use this knowledge
in their reasoning about the goal-directedness of the
rod’s action even when the effect was no longer present.

Finally, a similar associative learning might have taken
place between the appearance of a novel object and its
effect in Sommerville and colleagues’ study (2005) men-
tioned before. Recall that in this study 3-month-olds
(who typically cannot produce successful goal-directed
reaches) could encode the goal of a grasping hand that
was wearing a mitten. However, they could only do this
if  before the test session they had themselves manipul-
ated objects wearing the same mitten that can lift up
objects by sticking to them. The authors also offered an
alternative to the facilitating effect of infants’ own expe-
rience to explain their findings. Infants might have learnt
the causal characteristics of the mitten, that is, that it
can produce these effects on the environment, and then
were able to rely on that when they observed a grasping
hand wearing the same mitten even without witnessing
the effect. The use of tools extends the goal-directed
activities of human agents. By 10 months, infants are able
to infer an unseen hand as the cause of the motion of an
inanimate object (Saxe, Tenenbaum & Carey, 2005), sug-
gesting that infants are equipped early to understand
even incompletely observed tool use. Our current work
focuses on determining the ways in which such learning
can be achieved. By uniting an innate base with this
learning process, cue-based bootstrapping can help
reconcile divergent views on the emergence of infants’
ability to understand actions, even those extended through
rods and other tools, as goal-directed.
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