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An inborn predisposition to attend to biological motion has long
been theorized, but had so far been demonstrated only in one
animal species (the domestic chicken). In particular, no preference
for biological motion was reported for human infants of <3
months of age. We tested 2-day-old babies’ discrimination after
familiarization and their spontaneous preferences for biological vs.
nonbiological point-light animations. Newborns were shown to be
able to discriminate between two different patterns of motion
(Exp. 1) and, when first exposed to them, selectively preferred to
look at the biological motion display (Exp. 2). This preference was
also orientation-dependent: newborns looked longer at upright
displays than upside-down displays (Exp. 3). These data support
the hypothesis that detection of biological motion is an intrinsic
capacity of the visual system, which is presumably part of an
evolutionarily ancient and nonspecies-specific system predispos-
ing animals to preferentially attend to other animals.

Many adaptive responses to natural objects depend on the
way such objects move about. This is particularly true for

the movement of other animals, the detection of which is critical
for any adaptive behavior. The movement of living beings,
vertebrates in particular, is typically nonrigid, although it is at the
same time characterized by a number of constraints caused by
the articulated structure of the animal body. This information
allows the human observer to extract the configural invariants,
which are processed extremely effectively (1–4). Interestingly,
even extremely sparse information, such as that provided by only
a dozen of points of light placed on the joints of the moving
animal, suffice to produce the vivid and compelling perception
of coordinated animal locomotion. The perception induced by
this pattern of motion, namely biological motion, and the typical
display used for its investigation, the point-light animation, were
first described in 1973 by Johansson (4). Ever since, perception
of biological motion has become one of the classical topics in
vision research.

Point-light displays are invaluable experimental tools to sep-
arate, and therefore to investigate, information concerning
motion from any other type of visual information. The presence
of animated motion in such displays is almost instantaneously
detected by the visual system. Adults, for example, need as little
as 100 ms to identify a point-light human walker. The locomotion
of four-legged animals can also be promptly recognized by
human observers, who can identify the different animals by their
typical pattern of motion (5, 6).

Several animal species are also able to discriminate and even
to specifically respond to point-light displays depicting motion of
conspecifics (cats, ref. 7; pigeons, refs. 8 and 9; chicks, ref. 10;
monkeys, ref. 11; apes, ref. 12; dolphins, ref. 13).

To the human observer a variety of adjunctive information is
also conveyed by point-light animations such as the nature of the
action, the gender, and even the identity of the actor and one’s
own identity (14–16). Such information cannot be extracted by
the observer from any given single static frame of the animation,
which appears as a plain set of unconnected and meaningless
points, meaning that a very complex structure-from-motion
analysis is rapidly carried out by the visual system, extracting and

integrating form to motion. This perception is rather robust as
it is affected little by perturbations such as reverse transforma-
tion (playing the animation backwards) and changes in the
velocity of the animation (playing it faster or slower than normal)
(17) or by masking elements (18). Moreover, it seems that form
extraction does not fully explain the processes underlying bio-
logical motion detection, as, for example, scrambled biological
motion displays are still perceived as being biological (19, 20),
although no known animal species can be identified in such
displays.

Explanations of how observers extract form and action from
these displays fall into two classes: event-from-form and event-
from-dynamics theories. Event-from-form explanations suggest
that visual processes first extract form and then determine
action. The event-from-dynamics explanations are based on
temporal information for action and argue that the most useful
information is that about dynamics, the force acting on objects.
Experiences of events are claimed to be necessary for perception
according to both theories (21).

Although it has impressive resilience to perturbations, biolog-
ical motion perception is dramatically affected by display inver-
sion. Similarly to what is known to occur for face recognition,
whenever the point-light displays are presented upside-down
performance drops dramatically in almost all visual tasks (17, 18,
21, 22). Prior knowledge concerning display inversion does not
seem to be sufficient for recognition of inverted biological
motion (17). Also, when walking-on-hands was represented
rather than walking-on-foot, either inverted or upright, subjects
were less accurate at detecting walking-on-hands when the
display was turned upside down than when it was upright so that
the orientation of gravity, and not form, seemed crucial for
detection (21). Overall, a perceptual rather than knowledge-
based origin for the inversion effect seemed the most reasonable
explanation for these data. Scrambled biological motion displays,
for example, were shown to retain information about the direc-
tion of motion (i.e., of the walking) as long as they were
presented upright, such information was lost after inversion of
the scrambled animation (19).

Sensitivity to biological motion and the inversion effect has
been investigated from a developmental perspective in our
species, to clarify the ontogenesis of the processes involved. For
example, perception of biological motion is readily available to
3- to 4-year-old children (6), although such perception is dis-
rupted after display inversion in 6-year-old children and adults
(17). These data are in agreement with previous studies carried
out with infants. By 3 months of age, infants discriminate both
point-light displays of biomechanical motion from displays of
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identical absolute motion with scrambled spatial relations and
upright vs. inverted point light moving displays (23). By 4 months
of age, infants exhibited a visual preference for upright over
upside-down point light figures (24). Furthermore, 5-month-old
infants discriminate a locally rigid point light walker display from
one in which local rigidity is perturbed, but only as long as it is
presented upright (25). So, orientation specificity in perception
of biological motion seems to emerge quite early during per-
ceptual development, possibly as early as sensitivity to actual
upright displays. Nevertheless, 2-month-old infants did not show
any preference for biological motion displays (24), and such a
finding seemed to support the idea that perception of locomo-
tion in point-light displays required either some visual experi-
ence or some maturation of the visual structures. Only one study
tested newborns (26) and reported a preference for a single
point-light that moved according to kinematic specification of
dynamics described as nonbiological (27).

To summarize, to our knowledge no study has investigated
sensitivity to Johansson’s biological motion displays or the effect
of the inversion of such displays at birth. Previously, the data
available on totally naı̈ve subjects came from newly hatched
domestic chicks. Visually naı̈ve chicks, on their first exposure to
point-light animations depicting either a walking adult hen or a
nonbiological motion stimulus, were shown to prefer the bio-
logical to the nonbiological motion (20). Chicks were also shown
to prefer biological motion displays even when these displays
depicted an animal of a different species, i.e., a walking cat,
which constitutes a potential predator to the young chick. The
walking cat was preferred to any nonbiological motion displays
used in comparison, but not to the walking hen, supporting the
conclusion that sensitivity to biological motion would depend on
general mechanisms for the detection and extraction of invari-
ants in biological motion displays and would not therefore be
limited by species-specific constraints. Data from naı̈ve chicks
also provide evidence that the inversion effect would be inde-
pendent from experience, which was interpreted as caused by the
fact that gravity may constitute a predisposed additive parameter
playing a crucial role in biological motion perception (28).

This interpretation is in line with previous hypothesis suggest-
ing that the visual system’s sensitivity to dynamic information
and the forces associated with moving objects might reflect
either unlearned intrinsic constraints of the visual system (29) or
a predisposition embodied in the architecture of all animal
neural systems responding to legged vertebrates (1). Recently, it
has been suggested that mechanisms similar to those found in
visually inexperienced newborn chicks could be at work in
human babies (2).

The present study investigated the origin of the sensitivity to
biological motion in humans at birth. The same animations used
to test the newborn chicks in previous studies (20, 28) were used
with 2-day-old newborns, because previous comparative studies
suggest that a general mechanism is at work, which should not
be based on species-specific cues. Moreover, the use of hen-
walking animations rather than human-walker animations ruled
out the, potentially remote, possibility that newborns may have
had any previous experience with the kind of motion depicted in
the stimuli used. Three experiments were carried out, each on a
separate group of newborns. If sensitivity to biological motion is
experience independent, then we expected babies to discrimi-
nate biological from nonbiological patterns and to exhibit a
spontaneous preference for the biological stimulus. Moreover,
we also investigated the origins of the above-described effect of
display inversion by testing whether a preference for upright
rather than upside-down biological motion displays is present at
birth, and is therefore experience-independent.

Results
Exp. 1. Exp. 1 tested whether newborns were capable of discrim-
inating after exposure a pattern of 13 moving elements repre-
senting a walking hen (the biological motion stimulus) from the
same pattern of elements moving in a random manner (the
nonbiological motion stimulus). Eighteen 1- to 3-day-old new-
borns, aged (mean ! SEM) 44 ! 9 h (range: 10–130 h) were
tested by using an infant-control visual habituation technique.

The stimuli were the same animation sequences used to test
newborn chicks in previous studies (20–28). The walking-hen
animation sequence was originally obtained by locating 13 points
of light on the main joints of the digitalized image of a video
recording of a real walking hen. Twenty-three frames were
required to cover an animal’s entire step sequence. The digi-
talized sequence was looped and projected onto a computer
screen after substraction of the translation component [support-
ing information (SI) Movie 1]. The random motion animation
sequence, in which the same set of 13 points of light moved in
arbitrary directions, was originally obtained by using the function
‘‘random movement and rotation’’ in the software program
Macromedia Director MX (version 9.0). The points of light in
this display could move randomly within a window correspond-
ing to the area of the walking-hen display; once they reached the
edge of the defined window, they would not disappear, but rather
would turn around and head back. The overall characteristics of
the motion matched those portrayed in the walking-hen se-
quence in the sense that each point of light was associated with
a different velocity, corresponding to the average velocity of each
of the 13 points of light of the hen animation (SI Movie 2; for
a detailed description of how the stimuli were produced see the
original study in ref. 20). For the present study, the original
sequences were modified, using the software program Macro-
media Director MX (version 10.1), according to the standard
stimuli format used in previous literature on newborns’ percep-
tion (30). In the modified animations (Fig. 1), sets of 13 black
elements [0.4 candelas (cd)/m2] were moving on a white back-
ground (103 cd/m2) rather than the usual pattern of point-lights

Fig. 1. Three sample frames taken from the animation sequences used in the
study: the biological motion stimulus (i.e., the walking hen) (Top), the non-
biological motion stimulus (random motion) (Middle), and the inverted bio-
logical motion display (upside-down walking hen) (Bottom). Squares indicate
the point-lights.
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moving on a black background. Each black element was square-
shaped and was composed of 16 " 16 pixels on a 1,024 "
768-pixel resolution screen. Each element measured 0.6 " 0.6 cm
on the screen with the actual visual angle measuring 1.2° at a
viewing distance of 30 cm. The average velocity of the 13
elements in the stimuli was in the range of 122 pixels per s
(9.15°/s): lowest velocity 24 pixels per s (1.8°/s) and highest
velocity 221 pixels per s (16.6°/s). The original average velocity
(20) was reduced (ratio # 4/7) to better match the characteristics
of the immature visual system at birth (31). Each set of elements
occupied a window of 480 " 437 pixels; the actual visual angle
of the window measured 33.6° (width) and 32.7° (height) at a
viewing distance of 30 cm.

Half of the newborns were habituated to the biological motion
and half to the nonbiological motion. All newborns reached the
habituation criterion. The average total fixation time to habit-
uate to the biological and nonbiological stimuli was, respectively,
(mean ! SEM) 41.31 ! 2.10 s and (mean ! SEM) 50.6 ! 6.38 s.
A t test for independent samples revealed that the difference
between total fixation times in the two groups (i.e., newborns
habituated to the biological motion and newborns habituated to
the nonbiological motion) was not significant, t16 # 1.51, P #
0.15, two-tailed. After habituation, newborns’ visual preference
was probed for the habituation stimulus vs. the novel stimulus.
Newborns looked longer at the novel stimulus (mean ! SEM #
27.26 ! 1.55 s) than at the familiar stimulus (mean ! SEM #
18.34 ! 1.34 s). To test whether newborns were able to recognize
the stimulus to which they had been habituated, a novelty
preference score (percentage) was computed for each newborn.
To determine whether novelty preference scores were signifi-
cantly different from chance level (i.e., 50%) a one-sample t test
was applied. The mean preference for the novel stimulus
(mean ! SEM # 60 ! 3.07%) was significantly higher than
chance, t17 # 3.11, P # 0.006, two-tailed. A t test for independent
samples was run to compare the mean novelty preference scores
of the newborns habituated to the biological stimulus (mean !
SEM # 61.25 ! 2.77%) with the mean novelty preference score
of the newborns habituated to the nonbiological stimulus
(mean ! SEM # 58.29 ! 5.2%). The comparison did not reach
statistical significance, t16 # 0.47, P # 0.65, two-tailed.

This outcome demonstrates that newborns discriminate be-
tween a biological motion animation (i.e., the walking hen) and
a nonbiological motion animation sequence (i.e., the random
motion). However, this result tells us nothing about possible
predispositions of the human system at birth to preferentially
attend to biological motion stimuli.

Exp. 2. Exp. 2 tested newborns’ spontaneous preference for
biological vs. nonbiological motion. Using an infant-control
preferential looking technique, 12 newborns aged (mean !
SEM) 29.42 ! 4 h (range: 10–55 h) were presented with the same
biological and nonbiological motion stimuli used in Exp. 1.

The average total fixation time was (mean ! SEM) 66 ! 8.77 s
for the biological motion stimulus and (mean ! SEM) 37 !
4.08 s for the nonbiological motion stimulus. To determine
whether fixation times toward the biological motion stimulus
significantly differed from chance level (50%), fixation times
were transformed into percentages. The percentage of total
fixation time newborns spent looking at the biological motion
stimulus was (mean ! SEM) 62 ! 3.18% and differed signifi-
cantly from chance level (one-sample t test: t11 # 3.57, P # 0.004,
two-tailed). Eight of 12 subjects preferred the walking hen to the
random motion. A correlation between the age of the newborns
(h) and preference score was not significant (r # 0.01, P # 0.97).
Overall, the results of Exp. 2 favor the idea that naı̈ve newborns
show a preference for biological motion, hence such a preference
would be largely intrinsic rather than acquired over time, i.e.,
through experience.

Exp. 3. Exp. 3 tested for the presence at birth of the biological
motion inversion effect. Thirteen newborns aged (mean ! SEM)
50 ! 4 h (range: 17–88 h) were presented with a canonical
(upright) or an inverted (upside down) biological motion ani-
mation sequence picturing a walking hen (the same animation
also used as biological motion stimulus in Exps. 1 and 2) (SI
Movie 3).

As in the previous experiment, fixation times were registered
in a spontaneous preferential looking task. Fixation times were
(mean ! SEM) 41.69 ! 4.38 s and (mean ! SEM) 29.58 ! 3.3 s
to the upright and the upside-down sequence, respectively. The
percentage of time newborns spent looking at the upright
sequence was (mean ! SEM) 58 ! 3.32% and differed from
chance level, i.e., 50% (one-sample t test, t12 # 2.43, P # 0.032,
two-tailed). Eleven of 13 participants preferred to look at the
upright walking hen rather than at the inverted walking hen. The
correlation between the age of newborns (h) and the preference
score was not significant (r # 0.39, P # 0.2). Results revealed that
newborns showed a significant preference for the upright ani-
mation sequence.

Results of the three experiments are represented in Fig. 2.

Discussion
To date, one of the main unresolved issues in the study of the
perception of biological motion concerns the ultimate nature
(inborn vs. acquired through experience) of its well established
special status in visual perception. Johansson (4) suggested that
detection of biological motion could be an intrinsic capacity of
the visual system. Similarly, the nature of the so-called inversion
effect has also been questioned. So far, developmental studies
have been unable to unequivocally address this issue in human
subjects because results obtained with infants could always be
accounted for by either innate or learning mechanisms. A final
answer to such an issue can be obtained only from truly naı̈ve
newborns.

In the present study, we showed that newborn babies are able
to discriminate between two different point-light displays de-
picting either biological motion or nonbiological (random) mo-
tion and they manifest a spontaneous preference for the bio-
logical motion display even if it depicts an unfamiliar shape such
as a walking hen. Even more interestingly, the results demon-
strated that the preference for biological motion was orientation-
specific. Newborns were shown to prefer upright compared with
inverted biological motion displays.

Fig. 2. Results of the three experiments, expressed as the percentage of time
(mean ! SEM) spent looking at the biological motion stimulus. Dashed lines
indicate chance level. *, P $ 0.05; **, P $ 0.01.
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Overall, such data disentangle the question about the role of
previous experience in perceiving biological motion. Newborns’
performance cannot be accounted for on the basis of informa-
tion acquired through learning for two reasons: the very young
age of our subjects and the biological motion stimulus did not
represent a familiar shape (such as a human body). It is highly
unlikely that newborns, at the time of the test, had experienced
any human walking, and it can certainly be excluded that they
had any previous experience of walking hens.

Of course, we cannot exclude a possible role of fetal experi-
ence with vestibular motion cues and postnatal experience with
vestibular, motor, and visual cues in influencing the sensitivity to
low-level features of biological motion. Unfortunately, it would
be actually impossible to rule out such stimuli in normal subjects.
Moreover, for stronger claims on sensitivity to gravity it would
be important to understand, and separately test, the role of
vestibular information independently from the orientation of the
retinal image (this could be obtained, for example, by placing the
observer horizontally and presenting the stimuli on the ceiling).

Results of Exps. 1 and 2 are consistent in demonstrating an
inborn sensitivity to the dynamic features of point-light displays.
Such dynamic information suffices for the discrimination and
exhibition of a spontaneous preference for one of the two
displays. Such sensitivity must reflect unlearned intrinsic con-
straints of the visual system (29).

However, the sensitivity to dynamic features per se cannot
explain the preference for the upright compared with the
inverted display. Exp. 3 rules out the possibility that sensitivity
to dynamic information would be limited to local information
because the local dynamic relationships between the kinematics
of the point-lights are in fact identical in the upright and inverted
displays. Nevertheless, a selective preference was found for the
upright display.

As already stated, our babies could not rely on information
acquired through learning to discern the point-light displays.
Such information, if available, may explain our findings as it
would have resulted in a stored representation of, most likely
upright, walking humans/animals. In the absence of any previous
experience, the hypothesis that the inversion effect depends on
the fact that the inverted shape would not match an experience-
based template can be ruled out. Therefore, babies either relied
on some unlearned representation of an upright walker, which
would necessarily be general enough to allow for the detection
of human and other animal walkers, or, alternatively, the visual
system uses some general and local dynamic information to
constrain the organization of biological motion displays. Such
general dynamic information would permit differentiation be-
tween an upright and an inverted version of the same biological
motion point-light display. The best candidate as a possible
dynamic constraint applying to biomechanical motions would be
gravity: violation of a gravitational constraint would result in
failure at discriminating such displays (32). This hypothesis,
already put forward to explain previous results on the inversion
effect with infants, had not been tested before with newborns to
our knowledge.

A more specific, and not necessarily contrasting, hypothesis (1,
2) would involve the presence of a visual filter selectively tuned
to the characteristic motion of the limbs of an animal in
locomotion. Such a mechanism would provide a general detec-
tion system for the presence of terrestrial vertebrates (a so-called
life detector). This last hypothesis could find support in our data
because it involves selective detection of the motion of limbs (our
biological motion stimuli were bipedal, much like humans,
although representing a species from a different animal class).
Of course, further research is necessary to demonstrate that our
data depended on the selective detection of the hen’s legs.

The results of Exp. 3 have been taken as evidence of a very
early origin of sensitivity to gravitational constraints. Although

newborn babies had not been tested before to our knowledge, the
current literature on the understanding of the effects of gravity
on the motion of physical objects reports negative evidence for
infants (33, 34) and animals, i.e., adult and young chimpanzees
(35). Nevertheless, some basic perceptual ability, such as the
discrimination of direction of motion, was shown to be present
in 5-month-old infants (33). Overall, previous studies on our
species suggest that sensitivity to certain effects of gravity
develops gradually during infancy. It should be pointed out that
the tasks used in those studies required the subjects to respond
to or predict the future location of a moving object. It may be that
the preference for the correct gravitational constraints within
the motion of a living being found in our work preexists and may
even constitute a prerequisite for the later development of the
ability to make inferences according to such constraints.

Our findings conflict with previous results reported for new-
borns (26), using stimuli that were not obtained from the
animation of a real animal while walking, but that rather
depicted the motion of one single point-light that was described
as biological or nonbiological on the basis of the kinematic
specification of dynamics, according to laws of natural motion
relating curvature and tangential velocity (27).

Our findings also conflict with Fox and McDaniel (24), who
reported no evidence for discrimination of biological motion in
2-month-old babies. A possible explanation for the lack of any
preference found in their work could be the difference in the
procedure. A forced-choice preferential looking technique was
used with rather short trials (on average, 15 s each). Previous
studies on face perception have demonstrated that most failures
to find a preference until 4 months have been attributed to short
trials of a fixed length such as 30 s or even less (36).

Overall, the present data are consistent with the existence in
humans, at birth, of a predisposed and experience-independent
perceptual mechanism for the detection and analysis of biolog-
ical motion. However, further empirical evidence is necessary to
finally establish that the preference for biological motion is
instrinsic and specific. For instance, the specificity of the sensi-
tivity toward biological motion patterns could be assessed by
contrasting biological motion with other types of nonbiological
motion, such as rigid object motion, whereas the role of local
information may be tested by using phase or spatially scrambled
biological motion. If confirmed, such a predisposed mechanism
would enable newborns to detect, and preferentially attend to,
the movement of biologically relevant signals in his/her environ-
ment. Moreover, data coming from nonhuman species suggest
that this system is phylogenetically remote; thus, it would not
necessarily be tuned to be species-specific.

This conclusion is compatible with the Human First hypothesis
(37), which posits either that humans identify objects and
separate conspecifics by using their different properties or that
detection of kind properties, guiding distinction between the two
different classes of animate/inanimate, may be a feature of the
system rendered directly available by the architecture of the
brain very early in life. Empirical evidence on infant perception
supports this conclusion by showing that the ability to discrim-
inate a wide array of properties is not limited to basic low-level
stimulus features but rather extends to complex properties that
could allow newborns to uniquely single out conspecifics (30, 38,
39,). The results of the present study suggest that biological
motion could be one of the perceptual properties that allows
humans to distinguish living creatures from other objects and
identify conspecifics from birth.

Methods
Full-term newborns were selected to participate in the study from the mater-
nity ward of the Pediatric Clinic of the University of Padua. A total of 60
newborns participated in the experiments. Seventeen newborns were not
used because of position bias (during the test phases they looked %80% in one
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direction; n # 7) or they changed their state during testing (n # 10). The final
sample consisted of 43 newborns (18 males and 25 females). Their postnatal
age ranged from 10 to 130 h (mean ! SEM # 42 ! 4 h). All of them met the
screening criteria of normal delivery, had a birth weight between 2,620 and
4,290 g, and had an Apgar score between 9 and 10 at 5 min. Newborns were
tested only if awake and in an alert state, and after the parents had provided
informed consent. All experimental procedures have been licensed by the
Responsible Office of the Dipartimento di Pediatria, Università degli Studi di
Padova.

The stimuli were presented on two adjacent 19-inch Acer liquid crystal
display (4:3) computer monitors (refresh rate # 60 Hz) at a distance of 30 cm
from the newborn. Plain white curtains were drawn on both sides of the
newborn to prevent interference from irrelevant distractors. A red flickering
light-emitting diode (LED) was located between the two monitors to attract
the newborns’ attention. The LED subtended &2° of visual angle and, when
turned on, blinked at a rate of 300 ms on and 300 ms off. Above the monitors,
a video camera recorded the newborns’ eye movements to monitor their
looking behavior on-line and to allow off-line coding of their fixation.

The newborn sat on an experimenter’s lap in front of the two monitors. The
experimenter holding the baby was naı̈ve to the hypothesis being tested and
the stimuli being presented and was instructed to fix his/her gaze on a camera
located on the ceiling throughout the experimental session. Testing began
with the onset of the central flickering LED. As soon as the newborn’s gaze was
properly aligned with the LED, the sequence of trials was started by a second
experimenter who watched the newborn’s eyes through the video camera
and pressed a key on the computer keyboard that automatically turned off the
central LED and activated the onset of the stimuli. Two different techniques
were used: an infant-control visual habituation technique (Exp. 1) and an
infant-control preferential looking technique (Exps. 2 and 3). In the visual
habituation technique, the habituation criterion was established by recording
the duration of individual fixations. The observer recorded the duration of
each fixation on the stimuli by pressing a push button that was connected to
the computer. Because the stimulus was presented on the left and the right
side during the habituation phase, the amount of looking time was recorded
irrespective of the side. A look-away criterion of 2 s was used to determine the

end of each fixation. To be sure that this criterion was strictly respected, the
software automatically compacted two consecutive fixations that were not
separated by a time interval of at least 2 s. The habituation phase was
terminated when the habituation criterion was reached, that is when from the
fourth fixation the sum of any three consecutive fixations was 50% or less than
the total of the first three (40). When the habituation criterion was reached,
the stimuli were automatically turned off and the central flickering LED was
turned on. As soon as the newborn’s gaze was realigned to the LED, the
preference test phase began. Each newborn was given two paired presenta-
tions of the test stimuli in which the position of the stimuli was reversed.
During each presentation, the newborn was presented with the familiar
stimulus paired with a novel stimulus. The initial left-right order of presenta-
tion was counterbalanced across participants. The central LED flickered be-
tween the first and second presentations but did not flicker while the test
stimuli were shown. A presentation lasted until each stimulus had been
fixated on at least once and a total of 20 s of a looking fixation had been
accumulated. The experimenter recorded the duration of the newborns’
fixations on each stimulus by pressing two different keys depending on
whether the newborn looked at the right or the left. Videotapes of the
newborn’s eye movements throughout the test phase were subsequently
coded by a different observer unaware of the stimuli presented (it was not
possible for the scorer to recognize the stimuli from the corneal reflection).
The mean estimated reliability between coders was 0.90 (Pearson correlation,
P $ 0.001). In the preferential looking technique, the procedure used was
identical to that used in the test phase of the visual habituation, with the
exception that each trial ended when the newborn did not fixate on the
display for at least 10 s. The mean estimated reliability between on-line and
off-line coding of newborns’ fixation times was 0.91 (Pearson correlation, P $
0.001) in Exp. 2 and 0.87 (Pearson correlation, P # 0.005) in Exp. 3.
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