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Keywords: The current experiment investigated whether 6-month-olds can
Action understanding predict the goal of others’ actions. Infants were familiarized to an
Action prediction actor repeatedly reaching for and grasping object-A as opposed to

Goal attribution
Social cognition
Infancy

object-B. Object-B was either (1) visible to the actor; (2) hidden
by an opaque screen from the actor (but not the infants); or (3)
placed behind the screen by the actor herself, so that even though
she could no longer see object-B, she was aware of its presence.
The positions of the two objects were then reversed. During the
test trial, we measured the infants’ eye fixations while the actor
paused for 6s. The infants generated predictive eye movements
toward object-A only when the actor could see object-B (1) or was
aware of its presence in the situation (3). Thus, 6-month-olds can
predict, rather than only retrospectively respond to, the goal objects
of others’ actions.

© 2014 Elsevier Inc. All rights reserved.

As adults, we can predict others’ actions before they initiate those actions. Various social interac-
tions including driving safely, negotiating job offers, delivering a lecture, and soothing a fussy baby,
among others, require our prospective reasoning about others’ future actions. Very often, an essential
aspect of such reasoning is predicting others’ goals. For instance, if you have been observing a toddler
repeatedly playing with his ball in a playground and you then see him accidentally throw his ball into
the middle of a busy street, you will be alarmed because you will expect him to attempt to get the
ball and you will prevent him from running into the street even before he starts to move. The present
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research explores whether 6-month-olds possess the social competence to reason prospectively about
others’ future actions.

Young infants can detect the goals of others. After watching an actor repeatedly reach for one of two
objects, infants looked longer when she reached for anew object rather than the old one (e.g., Luo, 2011;
Luo & Baillargeon, 2007; Sommerville, Woodward, & Needham, 2005; Song, Baillargeon, & Fisher, 2014;
Woodward, 1998; Woodward & Sommerville, 2000). Infants can even infer the goals of incomplete
actions. After observing an uncompleted reaching action, 6-month-olds looked longer when the actor
grasped the object she had not previously reached toward (Daum, Prinz, & Aschersleben, 2008). In
addition, when an action sequence ended with an unexpected outcome (e.g., the actor holding a spoon
in front of his open mouth and then touching his forehead with the spoon), 9-month-olds showed an
increased N400 component of an event-related potential (Reid et al., 2009); this is a negative deflection
that typically peaks around 400 ms after the onset of an event that does not fit with the previous context
(Kutas & Federmeier, 2011).

Infants thus respond to seeing others’ goals achieved or nearly achieved, demonstrating that, at
a minimum, they make retrospective judgments about the consistency between initial actions and
final outcomes. However, we know less about whether infants have the ability to generate on-line
predictions about others’ goals, a critical aspect of human social competence, which permits us to
plan our own actions in a timely and appropriate manner in response to others’ actions (e.g., Knudsen
& Liszkowski, 2012).

With respect to action sequences, infants do have some ability to make on-line predictions. For
example, while watching a human hand repeatedly grasping and moving sets of three toys into a
bucket one at a time, 12-month-olds, but not 6-month-olds, moved their eyes to the goal location
(the bucket) before the hand actually arrived there (Falck-Ytter, Gredebdck, & von Hofsten, 2006).
And even younger infants can make predictions about actions that are familiar to and executable by
infants. Kanakogi and Itakura (2011) showed 6-, 8-, and 10-month-old infants a human hand reaching
for and grasping one of two objects and found that the infants showed anticipatory eye movements
to the goal object before the hand arrived there.

It is possible, however, that the infants in these studies predicted the motion trajectory rather
than the actor’s goal. In Falck-Ytter et al. (2006), the goal location (the bucket, the only container in
the situation) was always placed in the same spot, and thus the path of the hand movement was
identical in every trial; infants’ proactive eye movements might have reflected the extrapolation of
this repeated movement path. In Kanakogi and Itakura (2011), the goal object and the direction of the
actor’s movement were not the same from trial to trial. However, because their primary measure was
the infants’ eye movements after the actor started the action, when information about the movement
direction was already available, the infants might have anticipated the action based on the initial
movement direction rather than the goal.

Some recent findings challenge this possibility. Cannon and Woodward (2012) showed that 11-
month-old infants can make goal-based action predictions even when the visible portion of the action
is ambiguous. The infants were familiarized with events in which a human hand reached for and
grasped one of two toys. Then, the locations of the two toys were reversed. During test, the hand
moved forward and stopped between the two toys, an action that did not indicate which of the two
toys would be grasped. Infants predictively looked at the goal object for which the hand had repeatedly
reached during familiarization.

In addition, previous studies exploiting infants’ brain responses suggest that younger infants
can predict an action even when information about the actor’s movement trajectory is incomplete
(Southgate, Johnson, Karoui, & Csibra, 2010; Southgate, Johnson, Osborne, & Csibra, 2009). For instance,
when 9-month-olds watched a hand that looked as though it was about to grasp an object (although
the object was not visible; the hand disappeared behind an occluder), they showed brain activa-
tion related to goal-directed actions, suggesting their prediction of a likely outcome—the grasping
of a hidden goal object (Southgate et al., 2010). In contrast, the 9-month-olds did not show such
brain responses when there was clearly no object present (the same action was directed toward an
empty space without occlusion). Similarly, 9-month-old infants showed motor cortex activity when
merely observing a paused scene consisting of an agent and an object for which the agent had repeat-
edly reached (Southgate & Begus, 2013). Even infants as young as 6 months showed predictive brain
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responses to a static scene which had cues suggesting an upcoming action. The infants showed motor
cortex responses when observing an actor seated in front of a closed box when the actor had a false
belief that a ball was in the box but not when the actor had a false belief that the ball was not in the
box (Southgate & Vernetti, 2014). These results confirm that by the age of 6 to 9 months, infants make
predictions about whether an actor will produce a goal-directed action even in the absence of visual
information about the pathway of the action.

Building on these studies, the current work examines whether 6-month-olds can make predictions
about which object an actor is likely to act on in a two-object situation. The infants were shown 6
familiarization trials in which an actor paused for 6 s then grasped object-A as opposed to object-B.
Following familiarization, the locations of the two objects were switched. During the test trial, the
actor paused for 6s and the trial ended (experimental condition). Would infants predict the actor’s
grasp based on her goal, and look toward the goal object in anticipation of the action? Since the
physical context changed from familiarization to test, an action along the same path would not lead
to the attainment of the same goal object in the test situation as in the familiarization situation (see
Cannon & Woodward, 2012 for a similar paradigm). Predicting a path of movement would lead to
looks toward the non-goal object. However, predicting a goal object-directed reach should lead to
looks toward the goal object in its new location.

To rule out the possibility that predictive looking toward the goal object was due to a mere associa-
tion between the actor and the object, half of the infants saw the actor perform actions identical to the
experimental condition except that during familiarization, an opaque screen was present between the
actor and object-B (control condition; for similar controls, see Luo & Baillargeon, 2007; Luo & Johnson,
2009). Thus, the actor could not see object-B, while the infants could. There is, as yet, no direct evidence
that 6-month-olds can distinguish what they see from what the actor sees in situations exactly like
our experimental set-up. However, Luo and Johnson (2009) showed 6-month-olds an agent directing
actions towards a target object but not toward a non-target object that was behind a screen. Infants
behaved differently when the non-target was visible (it was taller than the screen) and when it was
not (it was shorter than the screen). Thus the 6-month-olds seemed to understand whether the non-
target would be visible to the agent or not and used the agent’s visual experience to make inferences
about her preference for the target. Given this finding, we expected that the 6-month-olds in our study
would also understand that the actor had no visual access to object-B.

There are two possible ways in which infants might respond in the control condition. First, if infants
simply form an actor-object association during familiarization, then infants in both the experimental
and control conditions should form similar associations (since they see the exact same actions), and
both groups of infants should look toward the goal object in the test. Second, if infants predict the
actor’s actions in terms of an underlying goal and understand that object-B (behind the occluder)
is not visible to the actor, then the infants in the control condition have no basis for attributing to
the agent a preference for the target object during familiarization (e.g., she might reach for it simply
because she does not have any other choice). Previous studies have consistently found that infants do
not attribute to an actor a preference for a particular object, even when she grasps it repeatedly, if
that is the only object she can see (Kim & Song, 2008; Luo & Baillargeon, 2005, 2007; Luo & Johnson,
2009). Thus, during the test trial in which the actor has the choice between two objects, infants might
be unable to predict which object the actor would prefer. Thus, unlike the infants in the experimental
condition, the infants in the control condition might look equally to the two objects.

To measure infants’ predictive looking, we measured the infants’ eye fixations during a scene in
which the actor paused, looking as if she was about to reach for an object, without indicating which one.
In contrast, most previous studies examined infants’ eye fixations or brain responses as ongoing actions
unfolded (Cannon & Woodward, 2012; Falck-Ytter et al., 2006; Kanakogi & Itakura, 2011; Southgate
et al., 2010). Some recent research has revealed that, prior to the observation of an action, 6- to 9-
month-olds can use previously attributed goal or belief information and generate a simple anticipation
regarding whether the actor will act at all (Southgate & Begus, 2013; Southgate & Vernetti, 2014).
Together with these recent studies, the current work can be taken as a stronger test of prediction than
other previous studies that evaluated infants’ anticipatory looks during the observation of ongoing
actions, given that infants must generate a prediction regarding the goal of an impending action in the
absence of visual information about movement.
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Experimental Condition Control Condition
Familiarization Trials Familiarization Trials

Pretest-display Trial Pretest-display Trial

Test Trial Test Trial

Fig. 1. Selected frames from the videos of the experimental and control conditions.
1. Experiment 1
1.1. Material and methods

1.1.1. Participants

Participants were 28 healthy term infants, 14 males and 14 females (M = 6 months, 13 days, range =5
months, 21 days to 6 months, 28 days). The infants were randomly assigned, half to the experimental
condition and half to the control condition. Data from another 13 infants were eliminated from the
final analysis because of fussiness (2), distraction (1), inattentiveness during the test trial (8), parental
interference (1), or during the test trial, looking at the non-goal object over 3 SD from the mean of
their condition (1).

1.1.2. Procedure

Each infant sat on a parent’s lap, centered in front of a 40-in. TV monitor at about infant eye-level,
at a distance of about 100 cm. A hidden camera centered below the monitor recorded the infant’s face.
Parents were instructed to close their eyes and remain silent and neutral throughout the experiment.

Before the video started, a purple star appeared on the screen for 5s in 3 successive locations
accompanied by a beep sound: at the location of the actor (center), the left object (left), and the right
object (right). Coders, when ascertaining the directions of infants’ looks from the video recording,
were able to use looks during this calibration phase as a reference.

Following the calibration phase, infants were shown the familiarization video (6 times), followed by
the pretest-display video (1x)and a test video (1x). Fig. 1 shows selected shots from the videos. During
the Familiarization trials, a female actor was seated at a table wearing a green sweater with a white
visor covering her eyes. At the beginning of each event, the actor’s hands were hidden underneath the
table. A red block and a blue cone were placed on the left and right. In the videotaped scenes, the red
block was 20.5 cm tall and 13.0 cm wide, and the blue cone was 18.0 cm tall and 18.0 cm wide. The
centers of the two objects were 70.5 cm apart. The objects were 6.5 cm from the lower edge of the
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Fig. 2. The mean proportion of time looking toward the goal object (out of the time looking toward goal and non-goal objects)
across the test trial for each subject.

monitor. In the control condition, an opaque yellow screen was placed behind an object; the screen
was 37.5cm tall and 42.5 cm wide. It was positioned 9cm from the center of the monitor. In each
familiarization trial, the actor paused (6s), grasped one of the two objects (2s), then paused again
until the end of the trial (8 s). For half of the infants in each condition, the actor grasped the block
(for the others, the cone) and for half, the opaque screen was behind the right (for the others, the left)
object. Then, the infants received a Pretest-display trial in which the positions of the two objects were
reversed. During this static 10-s trial, the actor was absent from the scene. During the Test trial, the
actor sat at the table and paused for 6 s.

1.1.3. Coding

We coded the infants’ fixations as in a preferential-looking paradigm (e.g., Fernald, Zangl, Portillo,
& Marchman, 2008). The primary coder coded, from the video recordings of the infant’s face, where
the infant looked (left, right, center, or away), frame (1/30s) by frame. In all trials, we regarded looks
to the left or right of the monitor as fixations toward an object. In all trials except for the pretest-
display trial, in which the actor was absent, we regarded looks to the center as fixations at the actor.
A second coder independently coded the looking behavior of 7 (25%) randomly selected infants. The
coders agreed on where the infant was looking on 89% of the video frames.

1.2. Results

1.2.1. Comparison across conditions for predictive looking during the test trial

For the test trial for each infant, the proportion of looking time toward the goal object (the object
the actor repeatedly grasped during the familiarization trials) was calculated as the total looking
time toward the goal object divided by the total looking time toward both the goal and non-goal
objects. Preliminary analyses showed no significant main effect of sex or goal object (block or cone) or
interactions involving these factors, Fs < 1.06, ps >.31; subsequent analyses therefore collapsed across
sex and goal object.

On average, infants looked longer toward the goal object in the experimental condition (M=.73,
SD=.33) than in the control condition (M =.39, SD =.40), a difference supported by a one-way analy-
sis of variance (ANOVA) with condition (experimental or control) as a between-subjects factor, F(1,
26)=5.88, p<.05, n°=.18 (see Fig. 2). Infants in the experimental condition looked reliably longer
toward the goal object than expected by chance, t(13)=2.60, p<.05, d = 1.44, but those in the control
condition did not, t(13)=1.01, p=.33. Eleven of the 14 infants in the experimental condition looked
longer at the goal object than at the non-goal object, whereas only 6 of 14 infants in the control condi-
tion did so, with the difference between conditions confirmed by a Wilcoxon rank-sum test, W = 155.5,
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p<.05. Thus, infants in the experimental condition showed predictive looking toward the goal object
during the test trial, but those in the control condition did not.

1.2.2. Comparison across conditions for attention to the actor and objects throughout the experiment

Follow-up analyses were conducted to determine whether the infants in the two conditions were
equally attentive across the conditions'. Table 1 shows the mean (across subjects) looking time at
the actor, the goal, and the non-goal object for each type of trial (familiarization, pretest-display,
test). We first evaluated whether the infants’ level of overall attention to the actor was similar in the
two conditions. The infants in the experimental and control conditions looked about equally at the
actor during both familiarization and test trials, Fs < 3.45, ps >.07. Next, we examined whether infants’
total attention to both the objects was similar between the two conditions during each type of trial
(familiarization, pretest-display, and test). The infants in the two conditions looked about equally at
the objects during each type of trial, Fs< 1. These results suggest that differences in infants’ overall
attention during the familiarization, pretest-display, and test trials between the experimental and
control conditions did not drive the different anticipatory looking patterns during the test trial.

We next examined whether the distribution of infants’ attention toward the goal and non-goal
objects during the familiarization trials was similar between the two conditions. Looking times during
the 6-s pause before the action, the 2-s action, and the 8-s pause after the completion of the action were
analyzed separately by means of a 2 x 2 repeated measures ANOVA with condition (experimental or
control) as a between-subjects factor and with object (goal or non-goal) as the within-subject factor.
During the 6-s pause before the onset of the action, no effect was significant, all Fs<1, suggesting
that the infants looked about equally at the goal and non-goal objects in the two conditions2. During
the 2-s action and during the 8-s pause after the action was completed, the main effect of object was
significant, Fs(1, 25)>7.33, ps<.05, n%>.23, though the main effect of condition and the interaction
between condition and object were not, Fs(1,25)<2.51, ps >.12, suggesting that infants attended more
to the goal object, the endpoint of the action, than to the non-goal object to the same extent in the
two conditions. These results suggest that, during the familiarization phase, the two conditions led
infants to direct their attention similarly to the goal and non-goal objects.

1.3. Discussion

After 6-month-olds watched an actor repeatedly grasping one of two objects during familiarization,
they then looked longer during the test toward the goal object in its new location than toward the
other object, even before the actor started to reach for the goal object again. Our findings confirm
that infants’ anticipatory looks are not merely tracking the trajectory of an actor’s hand movement.
Based on prior work, infants seem to (1) interpret an actor’s repeated actions during familiarization
as goal-directed and (2) expect the actor to pursue the same goal object even when the location of
the objects is switched (Woodward, 1998). We expected that infants in our experiment would do the
same, and given that they have the expectation that the actor will continue to pursue her goal, they
looked toward that goal object in anticipation of the actor’s reach toward it.

The control condition suggests that the results obtained in the experimental condition were not
due to a simple actor-object association. Infants in the control condition (1) seemed to know the actor
could see only one (object-A) of the two objects (object-A and object-B) and (2) did not interpret the
actor’s repeated grasping of object-A as revealing her preference for it. When both objects were visible
to the actor in the test trial, the infants had no basis on which to predict which object the actor would

1 The data from one infant in the experimental condition was not included in this and subsequent analyses of Experiment 1,
because the video recording of the infant during the familiarization and pretest-display trials was damaged.

2 Ifinfants had shown anticipatory looks during the 6-s pause in the familiarization trials, such looks could have been driven
by predicting the endpoint of previously repeated movements, not by a prediction of the actor’s goal; thus, they may not have
been directly relevant to our question, as the location of the objects remained the same across the familiarization trials. We
speculate that the infants might have been more motivated to generate a prediction when the context changed (during the test
trial) than when the context remained the same (during familiarization trials).



Table 1
Mean (SE) looking times (s) for each condition in each trial.

Experimental condition

Control condition

Preview condition

Goal object Non-goal object Actor Goal object Non-goal object Actor Goal object Non-goal object Actor
Familiarization trials  Before action 0.43(0.18) 0.64(0.23) 3.21(0.36) 0.68(0.28) 0.56(0.15) 2.67(0.30) 0.37(0.08) 0.38(0.08) 2.99 (0.24)
onset
After action 1.86(0.34) 0.68(0.16) 3.21(0.40) 1.58(0.34) 0.83(0.15) 2.30(0.34) 1.15(0.20) 0.05(0.10) 2.50(0.41)
onset
Pretest-display trial 3.19(0.53) 2.37(0.51) - 2.73(0.55) 2.74(0.46) - 2.01(0.45) 1.48(0.31) -
Test trial 1.08 (0.20)  0.53(0.17) 296 (0.27) 1.00(0.38) 0.77(0.18) 2.02(0.43) 0.74(0.20) 0.19(0.09) 2.45(0.37)
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reach for, and thus they looked equally toward the two objects. Our results add to the evidence that
6-month-olds can consider an actor’s perceptions when predicting her goal.

However, an alternative low-level interpretation for the results of the control condition is that
infants might look equally at the two objects due to confusion. For example, the opaque screen
increased the visual complexity of the scene and might have led to difficulty in processing the control-
condition scenes. This interpretation is unlikely given that the looking times during the familiarization
trials (when the screen was present in the control but not the experimental condition) do not differ
across the conditions, but to rule out this possibility more directly, we conducted an additional exper-
iment. The procedure of Experiment 2 was identical to that of the control condition of Experiment 1
except that an additional preview trial was added prior to familiarization trials (for a similar trial, see
Luo & Baillargeon, 2007). At the start of the preview trial, only object-B (non-goal object) was placed
at the center of the table, and the opaque screen was in its usual location to the right (or left); object-A
(goal object) was absent. The actor then pushed object-B so that it stood in front of the screen (its
position for the familiarization trials), then returned her hands to the starting position and paused.
Following the preview trial, infants watched exactly the same familiarization, pretest-display, and test
trials as those in the control condition of Experiment 1.

Ifinfants in the preview condition (1) realized that the actor knew of the presence of object-B during
familiarization, (2) interpreted the actor’s repeated grasping of object-A as a preference for object-A
over object-B (although object-B was not immediately visible to her), and (3) expected the actor to
continue to prefer object-A to object-B, then (4) they should predict that in the test, the actor will
grasp object-A. Thus, infants should look toward object-A (as they did in the experimental condition).

The results of Experiment 2 rely critically on the ability of infants to remember that the actor was
aware of the presence of object-B. To our knowledge, there is little evidence that 6-month-olds have
this ability. However, some evidence suggests that infants can track others’ knowledge states during
their first year of life (Kovacs, Téglas, & Endress, 2010; Luo, 2011; Southgate & Vernetti, 2014). For
example, in Kovacs et al. (2010), 7-month-olds watched the following scenes: (1) an agent placed a
ball on a table, (2) the ball rolled behind an occluder, (3) the ball rolled out from behind the occluder
before (true-belief condition) or after (false-belief condition) the agent left the scene, (4) the agent
returned, and (5) the occluder was lowered, revealing the ball’s absence. The infants in the false-belief
condition looked longer at the final event than the infants in the true-belief condition did, suggesting
that the infants were tracking the agent’s knowledge (since the infant always knew the ball was
gone), which depended on tracking the sequence of events. Similarly, Southgate and Vernetti (2014)
reported that 6-month-old infants can use an actor’s false belief to predict whether she will act or
not. The infants’ motor cortex activated when the actor falsely believed a ball was present in a box
but not when she falsely believed a ball was absent from the box. Positive findings in Experiment 2
would provide converging evidence that 6-month-olds have the ability to track the content of others’
minds and would render unlikely the low-level (confusion) interpretation of the control condition of
Experiment 1. In addition, they would provide corroborative evidence that 6-month-old infants can
predict the goal of others even before the onset of action.

2. Experiment 2
2.1. Material and methods

2.1.1. Participants

Participants were 14 healthy term infants, 8 males and 6 females (M =6 months, 16 days, range=5
months, 22 days to 7 months, 4 days). Data from another 8 infants were eliminated due to inatten-
tiveness (5), distraction (1), or parental interference (2).

2.1.2. Procedure and coding

The stimuli and procedure of Experiment 2 were identical to those of the control condition of
Experiment 1, with one exception: The infants received a preview trial prior to the familiarization
trials (Fig. 3). The preview trial consisted of a 10-s video clip. At the start of the preview trial, object-B
(block or cone) stood at the center of the table, whereas the other object was absent. The actor sat at
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Preview Condition

Preview Trial

Pretest-display Trial

Fig. 3. Selected frames from the videos of the preview condition.

the table with her hands under the table. The actor paused (1 s), placed her palm against one side of the
block or the cone (1 s), and pushed the object in a straight line until it stood in its standard position in
front of the screen (3 s). Finally, the actor returned her hand to its starting position under the table (2 s)
and paused (3 s). In the preview trial, infants were attentive during the 10-s video clip (looking times:
M=7.29s, SD=1.69). Following the preview trial, the infants received the familiarization, pretest-
display, and test trials which were identical to the control condition of Experiment 1. The preview
trial was consistent with the familiarization trials for each infant; the pushed object was the one that
would be hidden by the screen, and the screen was on the appropriate side.

The second coder independently coded the video of 4 (29%) randomly selected infants; coders
agreed on where the infant was looking on 87% of the frames.

2.2. Results

2.2.1. Comparison across conditions for predictive looking during the test trial

For the test trial for each infant, the proportion of looking time toward the goal object was calculated
as the total looking time toward the goal object divided by the total looking time toward both the goal
and non-goal objects. Preliminary analyses showed no significant main effect of sex or goal object
(block or cone) or interactions involving these factors, Fs < 2.44, ps >.13; subsequent analyses collapsed
across sex and goal object.
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Infants looked longer toward the goal object in the preview condition (M=.80, SD=.37) than in
the control condition (M =.39, SD=.40), a difference supported by a one-way ANOVA with condition
(preview, control) as a between-subjects factor, F(1, 26)=7.83, p<.05, n?=.23 (see Fig. 2). Infants
in the preview condition looked reliably longer toward the goal object than expected by chance,
t(13)=3.05,p<.01,d=1.69. Eleven of the 14 infants in the preview condition looked longer toward the
goal object than toward the non-goal object. A difference between the preview and control conditions
was confirmed by a Wilcoxon rank-sum test, Ws =147, p<.01.

2.2.2. Comparison across conditions for attention to the actor and objects throughout the experiment

The infants in the preview and control conditions were equally attentive to the actor during
familiarization and test trials, Fs<1. The infants were also equally attentive to the objects during
familiarization, pretest-display, and test trials, Fs <3.95, ps>.057 (see Table 1).

We next examined whether infants in the two conditions attended to the goal and non-goal objects
to the same extent during the familiarization trials. During the initial 6-s pause, no effect was signif-
icant, Fs(1, 26)<2.80, ps>.10, suggesting that infants in the two conditions looked about equally at
the goal and non-goal objects. During the 2-s action, the main effect of object was significant, F(1,
26)=37.90, p<.001, % =.59, whereas the main effect of condition and the interaction between condi-
tion and object were not, Fs <1, suggesting that infants attended more to the goal object than to the
non-goal object to the same extent in the two conditions. During the 8-s pause after completion of the
action, the main effect of condition approached statistical significance, F(1,26)=4.16, p=.052, 1 =.14,
indicating that infants in the control condition tended to look longer at the objects than those in the
preview condition. The main effect of an object was marginally significant, F(1, 26)=4.11, p=.053,
n? =.14, with infants tending to look more at the goal than the non-goal object. However, the interac-
tion between condition and object was not significant, F< 1. These results suggest that, even though
the longer procedure of the preview condition tended to make the infants less attentive during the
final 8-s pause, the infants in the two conditions allocated their attention similarly to the goal and
non-goal objects throughout the familiarization phase.

2.3. Discussion

Experiment 2 again demonstrated that 6-month-olds showed predictive looks toward the goal
object during the test trial. The results suggest that the infants (1) realized that, based on the preview
trial, the actor knew that object-B was present behind the opaque screen; (2) interpreted the actor’s
grasping of object-A as signaling her preference for the visible object-A over the hidden object-B in
the familiarization trials; (3) expected the actor to pursue the same goal object-A even when object-B
was again visible during the test; and therefore (4) looked more toward object-A, in anticipation of
the actor’s action toward it.

The positive results of Experiment 2 rule out the possibility that the infants in the control condition
of Experiment 1 were confused by components not shared with the experimental condition. If the
control condition was too confusing, then the infants in the preview condition, who received exactly
the same familiarization, pretest-display, and test trials, should also have been confused and hence
should also have demonstrated no anticipatory looking.

3. General discussion

The present research suggests that infants can sometimes predict others’ actions even before
actions are initiated. In the experimental condition of Experiment 1, the infants (1) interpreted the
actor’s repeated grasping of object-A as opposed to object-B in the familiarization trials as signaling her
preference for object-A over object-B, and (2) predicted that the actor would again reach for object-A
during the test trial. The results obtained in the control condition suggest that the infants’ anticipa-
tory looking was not due to a simple association between the actor and the goal object. Experiment 2
replicated the findings of the experimental condition of Experiment 1 and confirmed that the control
condition results were not due to perceptual aspects of the scenes not shared by the experimental
condition.
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Our results with 6-month-olds are consistent with previous results obtained with 11-month-olds
(Cannon & Woodward, 2012). In both studies, the positions of the two objects were switched from
the familiarization to the test phase, making it possible to distinguish infants’ predictions based on
their detecting the actor’s goal object from their simply predicting the endpoint of the actor’s hand
movement trajectory. Together these findings suggest that infants (1) attend to others’ goals over
paths or end locations, when watching the grasping actions of others, (2) expect others to continue
to pursue the same goal, and (3) thus, look in anticipation toward where the goal object is located
when its location is changed. Therefore, our results show that 6-month-olds, like older infants, can
anticipate others’ actions in terms of goals. As in Cannon and Woodward (2012), we examined infants’
looking before an action was apparent, unlike previous researchers, who measured infants’ anticipa-
tory looking while the infants observed ongoing actions (Falck-Ytter et al., 2006; Kanakogi & Itakura,
2011). Thus, the present findings suggest that infants’ eye movements are not merely a response to
an ongoing visual input, but that they can reflect a process induced by the knowledge of previous
and upcoming actions. Our findings are consistent with neurophysiological evidence that adults’ and
infants’ anticipatory motor activation precedes the onset of an observed action (Kilner, Vargas, Duval,
Blakemore, & Sirigu, 2004; Southgate & Begus, 2013; Southgate et al., 2009; Southgate & Vernetti,
2014).

As the principal measure, we measured the proportion of infants’ total looking times to the
goal object out of the total looking time toward the goal and non-goal objects, following previous
preferential-looking paradigms (e.g., Fernald et al., 2008; Song & Fisher, 2005) and several eye-tracking
experiments (e.g., Kidd, White, & Aslin, 2011; Vlach & Johnson, 2013). In contrast, other eye-tracking
studies have used as their main measure the first gaze shift after the onset of an event (or after the
pausing of an incomplete action; e.g., Cannon & Woodward, 2012; Senju, Southgate, Snape, Leonard,
& Csibra, 2011; Southgate, Senju, & Csibra, 2007).

We also examined infants’ first gaze shift to either of the objects for the infants who were looking
away or looking at the center at the onset of the test trial (N=29). More infants made a first shift
towards the goal in the experimental (7 out of 10) and preview conditions (7 out of 9) than in the
control condition (3 out of 10), p<.05, one-tailed Fisher’s exact test. Our “poor man'’s eye-tracker”
gaze shift results (see also Snedeker & Thothathiri, 2008 for similar methods for measuring children’s
eye movements) are consistent with results from our analyses of infants’ looking-time proportions.
Future research should examine whether these findings hold with an eye-tracking paradigm having
the advantage of higher spatial and temporal resolution.

An important question raised by our findings regards the mechanism underlying infants’ action
prediction. The direct-matching hypothesis of the mirror neuron system proposes that action prediction
is possible through mapping the visual representation of others’ actions to the motor representation
of the same action (Rizzolatti, Fogassi, & Gallese, 2001). In the current study, visual information about
an action (bottom-up identification of an action) was not necessary to generate eye movements. Thus,
our findings do not fit with the direct-matching hypothesis. Instead, our findings support the proposal
that motor activation can also be induced by action interpretation in a top-down manner (Csibra,
2007).

Another question that remains concerns the relationship between infants’ action production and
action prediction. Both the present research and Kanakogi and Itakura (2011) have shown that 6-
month-olds can predict the goal or movement patterns of others’ grasping actions, whereas Falck-Ytter
et al. (2006) reported that 6-month-olds did not predict the outcome of transporting actions, specif-
ically the moving of toys across a table and putting them into a bucket. This discrepancy raises an
interesting question about the developmental roots of the ability of infants to predict others’ goals.
One account of how infants acquire this ability is the experience-based account, which suggests that
first-person experience is necessary, and thus that infants’ goal prediction should be restricted to
actions that infants themselves can execute (Sommerville et al., 2005; Woodward & Guajardo, 2002).
According to this account, 6-month-olds can grasp and move objects but cannot transport an object
and place it in a container across the table; thus they can predict actions based on grasping goals
but not those based on transporting goals. In contrast, the cue-based account argues that infants
can detect goals as long as certain behavioral cues are present, and that infants are naturally sen-
sitive to these cues (Csibra, 2008). Relevant behavioral cues include self-initiated motion, equifinal
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variation of the actions, action contingency, and rationality of an action (Biro & Leslie, 2007; Luo &
Baillargeon, 2005; Premack, 1990). According to the latter account, infants may be able to predict oth-
ers’ actions regardless of their own motor abilities, as long as these behavioral cues are provided and
goals can be detected. Future research should examine whether the presence of specific behavioral
cues can help 6-month-olds make predictions about actions they rarely produce (e.g., pointing actions).

Finally, the current findings have implications for other aspects of cognitive development in infancy.
First, the present findings add to the evidence on 6-month-olds’ ability to represent the visual experi-
ence of others when it differs from the infants’ own perspective. Differentiating the visual perspectives
of others from their own allows 6-month-olds not only to detect but also to predict others’ goals in a
wider range of situations. Second, the current findings add to the existing evidence on infants’ ability to
exploit others’ past visual experience when making current predictions. Previous work showed that 7-
month-olds were influenced by others’ past visual experience (Kovacs et al., 2010), but we, along with
Southgate and Vernetti (2014), demonstrate that 6-month-olds can make active predictions about
someone’s actions based on what she knows/does not know about.

In conclusion, 6-month-olds not only have the ability to encode the goal of others’ grasping actions
but can also predict others’ future actions based on that goal. Infants’ prediction of others’ actions is not
necessarily induced by the visual input of ongoing actions but can be induced by infants’ understanding
of the goals of others’ previous and future actions.
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