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Do infants come to understand other people’s actions through

a mirror neuron system that maps an observed action onto

motor representations of that action? We demonstrate that

a specialized system for action perception guides proactive

goal-directed eye movements in 12-month-old but not in

6-month-old infants, providing direct support for this view.

The activation of this system requires observing an interaction

between the hand of the agent and an object.

Neurophysiological1,2 and brain-imaging3 studies indicate that a mir-
ror neuron system (MNS) mediates action understanding in human
adults and monkeys. Mirror neurons were first discovered in the
premotor area (F5) of the macaque, and they respond both when the
animal performs a particular object-related action and when the animal
observes another individual perform a similar action. Thus, mirror
neurons mediate a direct matching process, in which observed actions
are mapped onto motor representations of that action4,5.

When performing visually guided actions, action plans encode
proactive goal-directed eye movements, which are crucial for planning
and control6,7. Adults also perform such eye movements when the
observed actions are performed by others8, indicating that action plans
guide the oculomotor system when people are observing others’ actions
as well. As the MNS mediates such matching processes1,3,4, there is a
direct link between MNS activity and proactive goal-directed eye
movements during action observation8.

Recently, a strong claim has been presented about the role of the
MNS in human ontogeny. According to the MNS hypothesis of social
cognition, the MNS constitutes a basis for important social compe-
tences such as imitation, ‘theory of mind’ and communication by
means of gesture and language4,9. If this hypothesis is correct, the MNS
should be functional simultaneous with or before the infant’s devel-
opment of such competencies, which emerge around 8–12 months of
life10. Furthermore, according to the MNS theory, proactive goal-
directed eye movements during the observation of actions reflect the
fact that the observer maps the observed actions onto the motor
representations of those actions8. This implies that the development
of such eye movements is dependent on action development. There-
fore, infants are not expected to predict others’ action goals before they
can perform the actions themselves. Infants begin to master the action
shown in our study at around 7–9 months of life11. Thus, if the MNS is
a basis of early social cognition, proactive goal-directed eye movements
should be present at 12 but not at 6 months.

Although habituation studies indicate that young infants distinguish
between means and ends when observing actions12,13, no one has
tested the critical question of when infants come to predict the goals of
others’ actions. Using a gaze-recording technique, we tested the MNS
hypothesis by comparing the eye movements of adults (n ¼ 11),
12-month-old infants (n ¼ 11) and 6-month-old infants (n ¼ 11)
during video presentations showing nine identical trials in which three
toys were moved by an actor’s hand into a bucket (Test 1). We
compared gaze behavior, consisting of (i) timing (ms) of gaze arrival
at the goal (the bucket) relative to the arrival of the moving target
and (ii) ratio of looking time in the goal area to total looking time
in combined goal and trajectory areas during object movement
(see Supplementary Methods online and Fig. 1a).

In adults, the MNS is only activated when someone is seeing an agent
perform actions, not when objects move alone8. However, according to
the teleological stance theory14, seeing a human agent is not necessary
for infants to ascribe goal-directedness to observed events. This theory
states that objects that are clearly directed toward a goal and move
rationally within the constraints of the situation are perceived as goal-
directed by 12-month-old infants. This implies that seeing an interac-
tion between the actor’s hand and the toys is not necessary for eliciting
proactive, goal-directed eye movements. By comparing the gaze per-
formance of adults (n ¼ 33) and 12-month-olds (n ¼ 33) in three
conditions, we evaluated this alternative hypothesis (Test 2). The first
condition, ‘human agent’, was identical to the one in Test 1 (same data
used in both tests). In the ‘self-propelled’ condition (Fig. 1a), the
motion was identical to that in the human agent condition except that
no hand moved the toys. We also included a ‘mechanical motion’
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Figure 1 Sample pictures of stimulus videos. (a) Stimulus in the human

agent and self-propelled conditions with areas of interest (AOIs; black

rectangles) and trajectories for each object (colored lines) superimposed.

Left AOI was labeled ‘‘goal AOI,’’ right AOI was labeled ‘‘object AOI,’’ and

upper AOI was labeled ‘‘trajectory AOI.’’ (b) Stimulus in the mechanical

motion condition.
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