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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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condition (Fig. 1b). We assigned subjects randomly to the conditions,
and sample sizes were equal.

Parents and adult subjects provided written consent according to the
guidelines specified by the Ethical Committee at Uppsala University,
and the study was conducted in accordance with the standards specified
in the 1964 Declaration of Helsinki. Preliminary analyses of the data
distributions confirmed normality and homogeneity of variance. We
used statistical tests (one-way ANOVAs and single-sample t-tests) with
two-tailed probabilities (a ¼ 0.05) unless otherwise stated.

In Test 1, we found that in the human agent condition, there was a
strong effect of age on predictive eye movements to the action goal
(F2,30 ¼ 19.845, P o 0.001; Fig. 2a and Supplementary Table 1
online). Post hoc testing (Bonferroni) showed that there was no
significant difference between the adults and the 12-month-olds,
whereas the differences between both these groups and the 6-month-
olds were significant (P o 0.001). Furthermore, both adults (t10 ¼
5.498, Po 0.001) and 12-month-olds (t10 ¼ 2.425, P ¼ 0.036) shifted
their gaze to the goal of the action before the hand arrived, whereas
6-month-olds shifted their gaze to the goal after the hand arrived
(t10 ¼ 3.165, P ¼ 0.01). The two predictive groups were further
analyzed to check for learning effects using Bonferroni corrected
paired-samples t-tests. There was no effect of trial number (n ¼ 9)
on timing. From the first to the second action of each trial, gaze lead
times increased from 247 to 465 ms in adults (t10 ¼ 3.186, P ¼ 0.01)
and from –18 to 334 ms in 12-month-olds (t10 ¼ 3.516, P ¼ 0.006; for
further details see Supplementary Table 2 online).

In the human agent condition, the subjects in the different age groups
distributed their fixations differently across the movement trajectory
(F2,30 ¼ 12.015, Po 0.001; Fig. 2b and Supplementary Table 3 online).
Post hoc testing (Bonferroni) showed that there was no significant
difference between the adults and the 12-month-olds, whereas both
these groups differed from the 6-month-olds (P o 0.001). Adults
(t10 ¼ 8.073, P o 0.001) and 12-month-olds (t10 ¼ 8.625, P o 0.001)
looked significantly longer at the goal area during target movement than
would be expected if subjects tracked the target, whereas the 6-month-
olds did not (see Supplementary Methods online).

In Test 2, we found that in adults and 12-month-olds, predictive eye
movements were only activated by a human hand moving the objects
(F2,30 ¼ 7.637, P ¼ 0.002 and F2,30 ¼ 7.180, P ¼ 0.003, respectively;
Fig. 2a). Post hoc testing (Bonferroni) showed that for adults, the
human agent condition was significantly different from the self-

propelled (P¼ 0.004) and mechanical motion (P ¼ 0.009) conditions.
12-month-olds showed the same pattern (P ¼ 0.019 and 0.004,
respectively). Gaze did not arrive significantly ahead of the moving
object in the two control conditions for adults and in the self-propelled
condition for the 12-month-olds. The gaze of the 12-month-olds
arrived at the goal significantly after the object in the mechanical
motion condition (t10 ¼ 4.253, P ¼ 0.002).

Spatial distribution of fixations was different between the conditions
(Fig. 2b) in both adults (F2,30 ¼ 17.782, Po 0.001) and 12-month-olds
(F2,30 ¼ 36.055, Po 0.001). Post hoc testing (Bonferroni) showed that
both adults and 12-month-olds were more goal-directed in the human
agent condition than in the self-propelled and mechanical motion
conditions (P o 0.001 in all cases). Furthermore, in the two control
conditions, the distributions of fixations for both adults and
12-month-olds did not differ significantly from what would be
expected if subjects tracked the objects.

The present study supports the view that action understanding in
adults results from a mirror neuron system that maps an observed
action onto motor representations of that action1,3,5,8. More impor-
tantly, we have demonstrated that when observing actions, 12-month-
old infants focus on goals in the same way as adults do, whereas
6-month-olds do not (Test 1). The performance of the 6-month-olds
cannot originate from a general inability to predict future events with
their gaze, because 6-month-olds predict the reappearance of tempora-
rily occluded objects15. Finally, in terms of proactive goal-directed eye
movements, we found no support for the teleological stance theory
claiming that 12-month-old infants perceive self-propelled objects as
goal-directed (Test 2).

In conclusion, proactive goal-directed eye movements seem to
require observing an interaction between the hand of an agent and
an object, supporting the mirror neuron account in general. Further-
more, infants develop such gaze behavior during the very limited time
frame derived from the MNS hypothesis of social cognition. During the
second half of their first year, infants come to predict others’ actions.
The mirror neuron system is likely to mediate this process.

Note: Supplementary information is available on the Nature Neuroscience website.

ACKNOWLEDGMENTS
This research was supported by grants to C.v.H. from the Tercentennial Fund of
the Bank of Sweden (J2004-0511), McDonnell Foundation (21002089), and
European Union (EU004370: robot-cub).

COMPETING INTERESTS STATEMENT
The authors declare that they have no competing financial interests.

Published online at http://www.nature.com/natureneuroscience

Reprints and permissions information is available online at http://npg.nature.com/

reprintsandpermissions/

1. Fadiga, L., Fogassi, L., Pavesi, G. & Rizzolatti, G. J. Neurophysiol. 73, 2608–2611
(1995).

2. Kohler, E. et al. Science 297, 846–848 (2002).
3. Buccino, G. et al. Eur. J. Neurosci. 13, 400–404 (2001).
4. Rizzolatti, G. & Craighero, L. Annu. Rev. Neurosci. 27, 169–192 (2004).
5. Keysers, C. & Perrett, D.I. Trends Cogn. Sci. 8, 501–507 (2004).
6. Land, M.F. & Furneaux, S. Phil. Trans. R. Soc. Lond. B 352, 1231–1239 (1997).
7. Johansson, R.S., Westling, G.R., Backstrom, A. & Flanagan, J.R. J. Neurosci. 21, 6917–

6932 (2001).
8. Flanagan, J.R. & Johansson, R.S. Nature 424, 769–771 (2003).
9. Gallese, V., Keysers, C. & Rizzolatti, G. Trends Cogn. Sci. 8, 396–403 (2004).
10. Tomasello, M. The Cultural Origins of Human Cognition (Harvard Univ. Press, London,

1999).
11. Bruner, J.S. in Mechanisms of Motor Skill Development (ed. Connolly, K.J.) 63–91

(Academic, London, 1970).
12. Sommerville, J.A., Woodward, A.L. & Needham, A. Cognition 96, B1–B11 (2005).
13. Luo, Y. & Baillargeon, R. Psychol. Sci. 16, 601–608 (2005).
14. Gergely, G. & Csibra, G. Trends Cogn. Sci. 7, 287–292 (2003).
15. Rosander, K. & vonHofsten, C. Cognition 91, 1–22 (2004).

HA SP
M

M HA HASP
M

M HA SP
M

M HA HASP
M

M
–300

–200

–100

0

100

G
az

e 
ar

riv
al

 a
t g

oa
l r

el
at

iv
e 

to
ar

riv
al

 o
f m

ov
in

g 
ta

rg
et

 (
m

s)

R
at

io
 o

f l
oo

ki
ng

 ti
m

e 
(g

oa
l) 

to
lo

ok
in

g 
tim

e 
(g

oa
l +

 tr
aj

ec
to

ry
)

200

300

400
Adults 12-month-

olds
6-month-

olds
Adults 12-month-

olds
6-month-

olds

MM = mechanical motionSM = self-propelledHA = human agent

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

a b

Figure 2 Gaze performance during observation of actions and moving objects.

Statistics (means and s.e.m.) are based on all data points for adults (left),

12-month-old infants (middle) and 6-month-old infants (right), respectively.

(a) Timing (ms) of gaze arrival at the goal relative to the arrival of the moving

target. Target arrival is represented by the horizontal line at 0 ms. Positive

values correspond to early arrival of gaze at the goal area. (b) Ratios of

looking time at the goal area to total looking time in both goal and trajectory

areas during object movement. The horizontal line at 0.2 represents the ratio
expected if subjects tracked the moving target.
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