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Spatial Determinants in the Perception of Self-Produced Leg Movements

by 3- to 5-Month-Old Infants

Philippe Rochat and Rachel Morgan
Emory University

Sixty 3- and 4-S-month-old infants were simultaneously presented with 2 on-line video images of
their own legs. In 3 experiments, the temporal contingency between the 2 images and the infant’s
actual movements was maintained constant while their spatial relationships were systematically ma-
nipulated. In Experiment 1, both spatial orientation and directionality of movement on the visual
display were varied. In Experiment 2, only directionality of movement was varied. In Experiment 3,
only spatial orientation was varied. Analyses focused on infants’ preferential looking and relative
amount of leg activity while looking at either view. Results show that both groups of infants actively
compared and explored the 2 views of their legs. They looked significantly longer and generated
significantly more leg activity while looking at the view displaying a lefi-right inversion. These results
demonstrate that the perception of self-produced leg movements by young infants is partially deter-
mined by spatial information about movement directionality. The results are interpreted as evidence
of an early detection of intermodal invariants which specify the body as a situated agent in the

environment.

Recent progress in infancy research suggests that young in-
fants manifest a preconceptual self, long before the emergence
of behavior traditionally associated with self-recognition in
front of a mirror ( Lewis & Brooks-Gunn, 1979). Young infants
have been described as manifesting an early sense of self (Stern,
1985), exploring themselves and behaving as differentiated, co-
ordinated, agentive, and projected entities in the environment
(Rochat, 1993). Questions remain as to what kind of informa-
tion underlies early self-exploration. Meltzoff (1990, 1993 ) pro-
posed that at the onset of development, infants are sensitive to
the spatiotemporal patterns of their own movements, forming
the basis of early self-exploration: “there are good theoretical
reasons for thinking that the first psychologically primary no-
tion of self concerns not one’s featural peculiarities but rather
one’s movements, body postures, and powers™ (Meltzoff, 1990,
p. 142). Despite the importance of these questions, few studies
have attempted to isolate the perceptual information to which
young infants might be sensitive when exploring themselves.
Papousek and Papousek (1974 ) placed 5-month-olds in front
of two different video images, either of themselves or of others.
Based on the preferential looking of the infant, this method al-
lowed assessment of the discriminant variables between the two
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video images. Reporting only pilot observations with 11 infants,
Papousek and Papousek found that infants preferred to look at
images of the self or of others that provide eye contact. Placing
1- to 24-month-old infants in front of two mirrors that were flat,
blurred, or distorted, Schulman and Kaplowitz (1976 ) showed
that prior to 6 months, infants tend to look more at the clear
than the blurred image of themselves and show less interest in
the distorted image than the nondistorted one. These 1- to 6-
month-olds spent more time looking at the mirror compared
with older infants. However, they did not yet show complex be-
havior such as looking at a particular body part, followed by an
immediate inspection of its reflection.

It has often been suggested that the origins of self-perception
correspond to the young infant’s discovery of the contingency
between visual and proprioceptive feedback from body move-
ments (Guillaume, 1926; Lewis & Brooks-Gunn, 1979; Piaget,
1952; Wallon, 1942/1978). Bahrick and Watson ( 1985) used
the choice method introduced by Papousek and Papousek to
study self-exploration for a different part of the body (i.e., the
legs). They demonstrated that 5-month-olds are sensitive to
proprioceptive—visual contingency. In their experiment, Bah-
rick and Watson placed the infant in front of two TV monitors,
side by side. On one monitor, the infants saw a contingent view
of their own legs. The other monitor showed either a noncontin-
gent, prerecorded tape of the baby’s own legs or a tape of an-
other baby’s leg movements (wearing identical booties). Bah-
rick and Watson showed that 5-month-olds look preferentially
to the noncontingent view. They also observed this phenome-
non in a situation in which an occluder prevented the infant
from seeing his or her legs directly. In contrast, 3-month-olds
showed split preferences. Some looked much longer at the con-
tingent view, and others at the noncontingent one. Overall, Ba-
hrick and Watson demonstrated that early perceptual discrimi-
nation of the self-produced movements is not limited to facial
images but includes other parts of the body.
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Questions remain as to what information is relevant to young
infants’ discrimination of intermodal proprioceptive-visual
contingency. Bahrick and Watson’s ( 1985) experiment provides
only limited information about what is actually detected by the
young infant. Is it a temporal contingency, a spatial contingency,
or a combination of the two? In other words, does the infants’
sensitivity reported by Bahrick and Watson depend only on the
temporal discrepancy between visual and proprioceptive feed-
back, or could it also depend on the detection of a change in the
spatial calibration of the two sense modalities? In addition, the
yoked control design they used only roughly controlled the spa-
tiotemporal contrast between the two images. Specifically, the
design used by Bahrick and Watson did not control for specific
spatiotemporal aspects contrasting the two images (e.g., move-
ment frequency, duration, or velocity). This inadequate control
prevents further interpretation of the exact information used by
the infants to discriminate. The present research is an effort to
specify the information used by young infants to discriminate
spatial differences between two images of the self-produced leg
movements, their temporal aspect maintained perfectly equal
in both. In particular, the question posed here is whether infants
detect changes in visual-proprioceptive information specifying
two aspects of spatial organization: spatial orientation and di-
rectionality of self-produced leg movements. As in the Bahrick
and Watson study, the focus is on the period of 3 to 5 months
when great progress in the control of action and exploration
takes place (Gibson, 1988; Rochat, 1989). _

The present research comprises three experiments in which
infants were simultaneously presented with two on-line
(immediate feedback ) images of their legs filmed from different
perspectives or with a left-right reversal of the image. The two
views of the self were identical with respect to their temporal
contingency; only aspects of their spatial organization were var-
ied. In general, the dependent measures were the infants’ pref-
erential looking at either one of the images, gaze alternation
(amount of visual comparisons between the two images), and
the amount of leg activity while looking at either image of the
legs as an index of self-exploration.

Experiment 1
Rationale

The question guiding the first experiment was whether infants
show discrimination between different perspectives of their own
legs. These perspectives were associated with variation in both
spatial orientation and directionality of movement, while the
temporal contingency in either view was held constant. The ra-
tionale was that if infants show discrimination, they would tend
to look significantly longer and generate more leg activity while
looking at one image over the other. On the basis of the findings
of Papousek and Papousek (1974) and Bahrick and Watson
(1985), we predicted that in discriminating between the two
images of the legs, infants would tend to look longer at the spa-
tially incongruent image, because it conflicts with what is pro-
prioceptively perceived by the infant (i.e., inverted orientation
and reversed movement directionality). Furthermore, on the
basis of the observations of Bahrick and Watson, we expected a
developmental trend in which discrimination would be ob-

served within the group of 4-5-month-olds and not within the
group of 3-month-olds.

Method

Sample

Twenty healthy full-term infants (10 girls and 10 boys) were tested.
Ten were 3-month-olds (M age = 3 months 13 days; range = 3 months
1 day to 3 months 28 days; SD = 10 days), and 10 were 4—5-month-olds
(M age = 4 months 18 days; range = 4 months 3 days to 5 months 14
days; SD = 15 days). The infants were recruited from a subject pool
consisting of over 500 infants born in the Atlanta area. Parents were
contacted by phone and were invited to participate with their infant.
Overall, a total of 26 infants were tested. Of the 6 who were not included
in the final sample, 3 cried, and 3 looked less than 15% of the test period
atthe TV.

Procedure and Apparatus

We presented to both groups of infants two different perspectives of
their own legs from the waist down on a split screen of a large 25-in.
video monitor (Panasonic CT25824). The infants were seated in a 60°
reclined infant seat looking up toward the TV, which was inclined 30°
at a distance of 2 m from the infant’s eyes (see Figure 1).

The reclined posture of the infants prevented them from seeing their
own legs directly, unless they lifted up their head and looked down. One
camera ( Panasonic black-and-white CCTV HWV-BL294 ) was placed 1
m away, in front of the infant, to provide a frontal view of the infant’s
legs from the waist down. This first view of the infant’s legs (the observ-
er’s view ) was projected to one side of the split screen with a Pelco video
splitter (Pelco US100DT), generating a split image along the middle
vertical axis of the television screen. An identical camera was placed 1
m above the infant to provide a view of the infant’s legs equivalent to
the one he or she would normally perceive when looking down directly
toward them. This second perspective of the infant’s legs (the ego view)
was projected to the other side of the split screen. Both images were
carefully controlled for identical contrast and size, hence amount of
motion, before and during each testing session. The temporal aspect of
the contingency was absolutely the same in both views of the infant,
because both views were synchronous with the infant’s own behavior.
As illustrated in Figure 2A, the two views (observer’s and ego) only
differed in spatial orientation and movement directionality.

The side of the screen on which the observer’s view occurred was
counterbalanced between the two groups of infants. Five of the infants
in each group saw the observer’s view on the left of the split screen, and
5 saw it on the right. To entice the infant to look at the TV, we put long
socks with black-and-white stripes on the baby’s feet and legs (see Fig-
ure 2). Furthermore, to encourage them to move their legs, thus pro-
viding some potentially interesting action on the screen, we placed a
small tie pin microphone (Realistic 33-1063) under the infant’s feet on
the lower part of the seat, taped to the underside of a sheet of paper,
under a white cotton cloth on which the feet rested. The sheet of paper
acted to spread out the sounds that the infants made while kicking their
feet above the area over the microphone. The microphone, invisible to
the infant, was connected to a miniamplified speaker system (Realistic
32-2040, 16.5 X 12.5 cm) affixed on top of the TV. Contingent to any
leg movement, this device produced a commensurate rustling and
scratching sound originating from the speaker on top of the TV monitor.
This auditory feedback provided the infant with contingent sound ac-
companying the legs’ movements. Such contingent sound enticed the
infant to generate movements and to orient toward the location of the
sound (the video monitor). A third Panasonic S-VHS movie camera
(AG-450 with a 10X power zoom lens with autofocus) placed about
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Figure 1.

2 m in front of the infant’s face provided a close-up video recording of
the infant’s eyes. The video and audio recording of this camera was used
for further analyses of both the infant’s preferential looking and the
amount of leg activity while gazing at either view of the self. This third
camera was placed under the table that supported the TV monitor (see
Figure 1). Except for the lenses emerging from holes in a black Foam-
core sheet used as a backdrop, the cameras facing the infant were out of
his or her view. The two views of the infants’ legs were recorded by a
video cassette recorder (Panasonic AG-1270) as it appeared to the in-
fant throughout the 5-min test.

Parents watched their infant during testing from an adjacent room
through a one-way mirror. After the infant was secured and comfortably
seated in front of the TV monitor, a preliminary calibration of the in-
fant’s relative gaze to various portions of the screen was performed and
videotaped by Camera 3. In the calibration phase, we shook a rattle in
front of the monitor to the right of the screen, to the middle of the
screen, to the left of the screen, and back to the middle again. From
the video recording of the infant’s gazing during this calibration phase,
coders were able to gauge for each individual infant the relative differ-
ence between a look to the left and a look to the right of the screen. This
calibration lasted about 15 s during which a colorful curtain with a
Mickey Mouse print covered the TV screen.

The test phase started immediately after calibration and lasted 5 min,
during which the infant was able to freely explore the two views of his
or her legs. The testing session started when the curtain covering the TV
was lifted. The two views of the infant’s own legs were revealed, and
the microphone placed below the legs was turned on. During the whole
testing session, one experimenter stood directly behind the infant, in-
visible to the infant who was facing the TV monitor. This experimenter
monitored the test and checked for any changes in the quality of the two
views during the 5 continuous minutes of the testing session. Another
experimenter, also invisible to the infant, kneeled under the table by the
video equipment, behind the Foamcore sheet used as a backdrop. Her
task was to time the testing session, checking on the cameras and the
video recording. At the end of the 5-min testing session, the curtain was
put back over the TV monitor and the baby was picked up from the seat.

Scoring and Dependent Measures

The audio and video recordings of the camera providing the close-up
of the infant’s face were scored for (a) looking at either the right or the

The apparatus as it was set up for Experiments 1 and 3.

left view on the TV screen and (b) contingent leg activity produced by
the infant.

Looking. Two independent coders coded gazing behavior at either
view of the self using a computerized event recorder with multiple input
channels running on the computer’s clock. Two channels ( 1 and 2 ) were
used to score infants’ looking, These two channels were controlled by
predetermined keys on the computer’s keyboard, one corresponding to
looking to the right of the TV monitor, the other to the left.

Leg activity. 'While a coder made the pass through the video record-
ing to code the infants’ looking, the audio recording of the sound gener-
ated by the infant’s leg movements via the microphone placed under his
or her feet was simultaneously digitized by a Ceder Sound Digitizer
(CSD from Ceder Technology, Phoenix, AZ) and imported into the
computer on another channel of the event recorder. The digitized sound
corresponding to leg movements of the infant was recorded initially as
a sound spectrogram (volume over time). At the end of the coding, a
program performed a post hoc transformation of the imported sound
spectrogram into successive periods of activity or no activity of the legs.
This transformation used another channel of the event recorder on
which looking activity was simultaneously coded. This transformation
was based on a set threshold corresponding to one third of the maxi-
mum input recorded on the sound spectrogram. When the sound
picked up exceeded the one-third threshold, the program transformed
a threshold crossing as an episode of leg activity of 2 s in duration, re-
corded on the channel of the event recorder. On the basis of pilot obser-
vations, the unit of 2 s was chosen to approximate the characteristics of
a typical bout of the infants’ leg movements. Events entered on one
channel of the event recorder corresponded to the infant looking to the
right portion of the split screen, and on a second channel, looking to the
left. Note that the events entered on these two channels were mutually
exclusive. When no events were coded on either the first or second chan-
nel, the infant was looking away from the TV screen. Simultaneously,
the threshold episodes of leg activity (based on the transformation of the
sound spectrogram described earlier) were recorded on a third channel.

Based on the simultaneous records entered on all three channels of
the event recorder, a program caiculated the relative duration in seconds
of (a) looking at the left or right side of the TV monitor, (b) leg activity,
and (¢) co-occurrence of leg activity and looking at either side of the TV
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Figure 2. Thetwo views of their own legs as seen by the infants on the
TV display in Experiment | (A), Experiment 2 (B), and Experiment 3
(C).

monitor. The co-occurrence was calculated in terms of overall duration
of leg movement as a percentage of the total time spent looking at a
particular view, [(leg activity while looking at a particular view)/
(looking at this particular view) X 100]. Finally, on the basis of the
event recorder transcript and as an index of visual comparison between
the two views of the legs, coders measured (d) the frequency of gaze
alternation from one side of the screen to the other, when the switching
of gaze orientation occurred within a 1-s interval.

For all measures pertaining to visual behavior, within- and between-
coders reliability tests performed on one third of the infants yielded
Pearson’s correlations greater than .92.

Results
Looking

As shown in Table 1, both groups of infants spent more time
looking at the TV monitor than looking away. Table 1 also

shows that, while looking at the TV, infants spent more time
gazing at the observer’s view, compared with the ego view. Anal-
ysis of the number of seconds spent looking at either view of
the legs confirms this general pattern. However, this pattern is
dependent on the infants’ age. Contrary to what was expected,
the pattern is more accentuated by 3-month-olds, although a
similar trend is found with the group of 4-5-month-olds. A 2
(age) X 5 (minute) X 2 (view) mixed-design analysis of vari-
ance (ANOVA; with age as a between-subjects variable and
minute and view as within-subjects variables) performed on
looking duration in seconds yielded a significant Age X View
interaction only, F(1, 18) = 6.855, p < .02. Post hoc Tukey tests
show that the effect of view is significant for the 3-month-olds
(p < .01) and marginally significant for the 4-5-month-olds (p
< .06). In addition, a 2 (age) X 5 (minute) X 2 (view) mixed-
design ANOVA on the percentage (see Table 1) of time looking
at either view over the 5-min test presentation yielded a signifi-
cant main effect of view only, F(1, 18) = 34.953, p < .0001.
This pattern is robust and is further supported by the fact that
for both age groups, 9 out of the 10 infants spent more time
looking at the observer’s view of their legs compared with the
ego view (p < .02, binomial test).

Finally, to assess whether the pattern of preference for the
observer’s view over the ego view could be caused by an anchor-
ing of the infant’s gaze to one particular view, we further ana-
lyzed looking behavior in terms of the frequency of gaze switch-
ing from one view to the other, minute by minute over the 5-
min test presentation. A 2 (age) X 5 (minute) mixed-design
ANOVA performed on the frequency of gaze switching yielded
a significant main effect of minute, 7(4, 72) = 7.831, p < .0001.
This significant minute effect corresponds to a general decline
in the frequency of switching at both ages (average frequency of
14 switches in the first minute, 12 in the second, 10 in the third,
7 in the fourth, and 6 in the fifth minute). This result suggests
that the pattern of preferential looking was based on a compar-
ison of the two views and an active exploration of their spatial
differences. The extensive amount of switching that was dem-
onstrated by the infant is inconsistent with the possibility of an
anchoring of the gaze to one particular view (i.e., the observer’s
view).

In summary, the analysis of looking indicates that (a) there is
a significant pattern of preference for the observer’s view, (b)
this pattern is particularly marked in the younger group of in-
fants, and (c) this pattern is based on a process of comparison
between the two views of the self.

Leg Activity

On average, both groups of infants had significantly more leg
activity while looking at the TV, compared with looking away
(see Table 1). A 2 (age) X 2 (gaze direction) ANOVA vyielded a
significant effect of gaze direction only, F(1, 18) = 64.937,p <
.0001. This demonstrates that infants actively responded to the
visual-proprioceptive contingency of the display. Leg activity
whilelooking at the TV was further analyzed as a percentage of
the time spent looking at either the ego or the observer’s view,
[(leg activity while looking at a particular view)/(looking at
this particular view) X 100]. Results show that infants tended
to generate proportionally more leg activity while looking at the
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Table 1

Means and Standard Deviations for Looking Durations, Proportion of Looking,

and Leg Activity for Both Groups of Infants in Experiment 1

Looking (in s) Looking (%) Leg activity (%)
Away Observer’s Ego Observer’s Ego Away Observer’s Ego
Age from TV AtTV view view At TV view view from TV At TV view view
3 months
M 64 236 179 58 79 76 24 3 25 26 18
SD 34 34 45 42 11 i9 i8 2 12 11 15
4-5 months
M 146 154 100 58 51 65 35 13 35 36 32
SD 42 43 35 33 14 23 21 8 15 18 14
Note. Because of rounding error, the combined looking times to the observer’s and ego views are slightly greater than the total looking time at the

TV. This error comes from the cumulative reaction time during on-line coding on the event recorder.

observer’s view compared with the ego view. A 2 (age) X §
(minute) X 2 (view) mixed-design ANOVA yielded a significant
main effect of minute, (4, 72) = 2.598, p < .03, and a margin-
ally significant main effect of view, F(1, 18) = 4.11, p < .057,
with no significant interactions. Analysis of the simple effects
showed that as a function of minute, percentage of leg activity
while looking at the TV increased significantly between the sec-
ond and third minute of testing.

In summary, the analysis of leg activity indicates that (a) in-
fants of both age groups learn about the visual-proprioceptive
contingency of the display, (b) infants’ leg activity, while infants
were looking at the TV, increases as a function of minute of
testing, and (c) infants tend to generate more leg movements
while looking at the observer’s (i.e., incongruent) view com-
pared with the ego (i.e., congruent) view of their legs.

Discussion

In general, the results of this first experiment demonstrate
that from 3 months of age, infants show discrimination of
different perspectives of their legs. They tend to look signifi-
cantly longer at the observer’s view of their own legs compared
with the ego view. This result confirms the general pattern of
preferential looking toward the incongruent view reported by
Papousek and Papousek (1974) and Bahrick and Watson
(1985), who used a similar preferential looking paradigm. If we
assume that the observer’s view is novel to the infant, the results
express infants’ active engagement in exploring the novelty of
this view. This exploration is further supported by the fact that
the pattern of preferential looking settled by the second half of
the test presentation, after an active comparison between the
two views had taken place. Within the perspective of develop-
ment, the pattern of preferential looking toward the observer’s
view was significantly more accentuated for the younger group
of infants. Contrary to what was expected, 3-month-olds mani-
fested more sensitivity to the different views of their legs com-
pared with 4-5-month-olds.

To further specify the results obtained in Experiment 1, we
designed Experiment 2 to unconfound the differences between
the two views of the legs and eventually account for the unex-
pected age difference. In Experiment 1, the observer's view

differed from the ego view along two dimensions that were con-
founded: the inverted orientation (up—down ) of the legs and the
reversed (left-right) directionality of the legs in relation to the
horizontal plane of the monitor’s display (see Figure 2A). In
Experiment 2 (see Figure 2B), the orientation of the two images
was unconfounded by presenting the infants with two ego views
of their legs (identical spatial orientation ). However, one of the
images maintained a left-right reversal (reversed directionality
of movements). Recall that in Experiment 1, this left-right di-
rectionality reversal was only present in the observer’s view.

Experiment 2
Rationale

The second experiment was designed to further specify young
infants’ sensitivity to spatial differences between two video im-
ages of their own legs, and in particular differences in the direc-
tionality of self-produced leg movements. The question guiding
the study is whether infants show discrimination between two
identical perspectives of their legs (both ego views), one display-
ing a left—right reversal. Using a preferential looking paradigm,
we presented infants with two on-line video images of their legs
from the waist down from an ego view perspective (see Figure
2B). These two images varied in the directionality of movement
while keeping both their temporal contingency and spatial ori-
entation constant. The rationale was that if infants show dis-
crimination, they would tend to look significantly longer and
generate more leg activity while looking at one image over the
other. As a working hypothesis, and on the basis of the pattern
observed in the first experiment, infants of both age groups were
expected to look longer at the image displaying a reversed direc-
tionality of self-produced movements. They were also expected
to generate significantly more leg activity while looking at the
reversed ego view, because this view conflicts with regular spa-
tial calibration between vision and proprioception.

Method

Sample

Twenty healthy full-term infants (6 girls and 16 boys) were divided
into two groups. Ten were 3-month-olds (M age = 3 months 13 days;
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range = 3 months 2 days to 3 months 29 days; SD = 9 days), and 10
were 4—5-month-olds (M age = 4 months 15 days; range = 4 months 0
days to 5 months 8 days; SD = 12 days). The infants were recruited
from a subject pool consisting of over 500 infants born in the Atlanta
area. Parents were contacted by phone and were invited to participate
with their infant. Overall, a total of 25 infants were tested. Of the 5 not
included in the final sample, 3 cried and 2 looked at the TV less than
15% of the test period.

Procedure and Design

The same basic paradigm, procedure, design, data collection, and
analysis described for Experiment | was used in this second experiment.
"Fwo cameras provided the infant with an ego view of his or her legs from
the waist down. These cameras were placed side by side, behind the
infant, oriented down toward their legs from above his or her head (1 m
away from the infant’s legs). One of the two cameras was modified to
provide a left—right reversal of the image displayed on the TV monitor.
This camera was a tube camera (Panasonic CCTV Model WV-1410)
with a horizontal scan reversal modification. This modification was ac-
complished by having the camera scan the face of the vidicon tube’s
light-sensitive material in reverse of the direction it normally does. The
beam that normally scans the tube face from left to right was modified
to scan it from right to left, ultimately revealing a left—right image
reversal. :

In short, the display provided the infant with two ego views of the legs*
from the waist down. In one view, the directionality of movement was
congruent with the infant’s own movements to either the right or to the
left. That is, when the infant moved his or her legs to either the right or
the left, the legs on the TV monitor moved in the corresponding direc-
tion. In contrast, the other view presented to the infant was identical but
reversed. In this view, when the infant moved to the right, the image on
the screen moved to the left, and vice versa. This modification was the
only difference between the two views. As in Experiment 1, the side of
either view of the legs presented on the left or right of the split screen
was counterbalanced among the infants of each age group.

For all measures pertaining to visual behavior, within- and between-
coders reliability tests performed on one third of the infants yielded
Pearson’s correlations greater than .92.

Results
Looking

During the 5 min of test presentation, both groups of infants
spent more time looking at the TV monitor than looking away
(see Table 2). Analysis of the number of seconds spent looking
at either view of the self shows a general pattern of preference
for the reversed ego view over the ego view (see Table 2). A 2
(age) X 5 (minute) X 2 (view) mixed-design ANOVA per-
formed on looking duration in seconds yielded a significant
main effect of view only, F(1, 18) = 5.137, p < .04. In addition,
a2 (age) X 5 (minute) X 2 (view) mixed-design ANOVA on the
percentage of time looking (see Table 2) at either view over the
5-min test presentation yielded a significant main effect of view
only, F(1, 18) = 5.394, p < .03. This result confirms that at
both ages, infants’ preferential looking toward the reversed ego
view of their legs is above chance. This pattern is further sup-
ported by the fact that for both age groups, 8 out of the 10 in-
fants spent more time looking at the reversed ego view of their
legs compared with the ego view (p < .06, binomial test).

As in Experiment |, to assess whether the pattern of prefer-
ence for the reversed ego view could be merely caused by an
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anchoring or stable fixation of the infant’s gaze to one particular
view, we further analyzed looking behavior. Specifically, the fre-
quency of gaze switching from one view to the other was ana-
lyzed minute by minute over the 5-min test presentation. This
analysis revealed that for both groups, the pattern of preferen-

_tial looking was based on a comparison of the two views and an

active exploration of their spatial differences. Average frequency
of gaze switching was 7.38 for the 3-month-olds and 12.54 for
the 4-5-month-olds. Again, the extensive amount of switching
is inconsistent with the possibility of an anchoring of the gaze
to one particular view (i.e., the reversed ego view). Switching of
gaze from one view to the other appeared to decrease progres-
sively as a function of minute, only for the group of 4-5-month-
olds. A 2 (age) X 5 (minute) mixed-design ANOVA performed
on the frequency of gaze switching yielded a significant Age X
Minute interaction, F(4, 72) = 2.65, p < .04. Analysis of the
simple effects revealed a significant effect of minute for the 4-5-
month-olds only (p < .03). This effect corresponds to a pro-
gressive decrease in the frequency of switching, from 15
switches during the first minute to 8 by the fifth minute of the
test presentation. Three-month-olds’ frequency of switching be-
havior did not decrease over the course of the 5-min test.

In summary, the analysis of looking indicates that (a) there is
a significant pattern of preference for the reversed ego view, (b)
this pattern is similar for both age groups, and (c) this pattern
is based on a process of comparison between the two views of
the legs.

Leg Activity

On average, both groups of infants showed more leg activity
when looking at the TV monitor, compared with looking away
(see Table 2). A 2 (age) X 2 (gaze direction) ANOVA yielded a
significant effect of gaze direction only, F(1, 18) = 36.036, p <
.0001. This suggests that they actively responded to the visual—
proprioceptive contingency of the display. Leg activity while
looking at the TV was further analyzed as a percentage of the
time spent looking at either the ego or the reversed ego view,
[(leg activity while looking at a particular view)/(looking at
this particular view) X 1001. A 2 (age) X 5 (minute) X 2 (view)
mixed-design ANOVA yielded a significant main effect of min-
ute, F(4, 72) = 4.131, p < .005, and a significant main effect of
view, F(1, 18) = 5.878, p < .03. The significant effect of minute
corresponds to an increase of overall leg activity over time. The
significant effect of view corresponds to the fact that infants
tended to generate proportionally more leg activity while look-
ing at the reversed ego view compared with the ego view (sce
Table 2).

In summary, the analysis of leg activity indicates that (a) in-
fants of both age groups learn progressively about the visual-
proprioceptive contingency of the display, (b) this learning is
expressed in terms of a progressive and significant increase in
leg activity while looking at the TV over the 5-min test presen-
tation, and (c) infants generate significantly more leg move-
ments while looking at the reversed ego (i.€., incongruent) view
compared with the ego (i.e., congruent) view of their legs.

Discussion

This second experiment demonstrates that from 3 months of
age infants are sensitive to differences in the directionality of
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Table 2

Means and Standard Deviations for Looking Durations, Proportion of Looking,

and Leg Activity for Both Groups of Infants in Experiment 2

Looking (in s) Looking (%) Leg Activity (%)
Away Reversed Ego Reversed Ego Away Reversed Ego
Age from TV AtTV €go view view AtTV €go view view from TV AtTV €go view view
3 months
M 103 197 115 82 67 58 42 5 24 25 22
SD 58 58 55 34 19 28 17 4 17 17 15
4-5 months
M 94 206 122 84 69 59 41 7 26 31 17
SD 58 51 46 44 17 22 21 6 16 18 14

self-produced movements of their legs. Analysis of preferential
looking indicates that infants discriminate between two identi-
cal perspectives of their legs, one displaying a left-right reversal.
Infants show a significant preference for the view of their legs
with identical temporal contingency and spatial orientation but
reversed directionality of movement. Remember that in Exper-
iment 1 the two images on display were temporally contingent
(on-line views of the legs), varying both in spatial orientation
and directionality of movement (see Figure 2A). The aim of
this second experiment was to untangle spatial orientation and
directionality of movement as spatial determinants of the in-
fant’s preferential looking. Results show that a change in direc-
tionality only (left-right reversal) is sufficient to replicate the
pattern of preferential looking discovered in Experiment 1. This
result suggests that infants detect the incongruence of an image
of their legs that displays the same spatial orientation but a re-
versal in the direction of movement. As in Experiment 1, the
results show that at both ages infants are actively engaged in
exploring the view that violates the regular calibration of visual
and proprioceptive space. In general, infants generate signifi-
cantly more leg activity while looking at the TV, and in particu-
lar while looking at the incongruent (reversed ego) compared
with the congruent (ego) view of their legs.

Experiment 2 replicates the pattern of preferential looking
found in the first experiment, based only on a reversal of one of
the views of the legs. This result does not negate the possibility
that spattial orientation did play a role in determining the pat-
tern of preferential looking observed in Experiment 1. On the
basis of the data collected so far, change in the directionality
of movement is sufficient but may or may not be necessary in
determining the pattern of preferential looking observed in Ex-
periment 1. The aim of the third and last experiment is to see
whether a change in spatial orientation alone could also be
sufficient in determining this pattern of preferential looking and
apparent discrimination.

Experiment 3

Rationale

The question guiding this experiment was whether infants
show discrimination between different perspectives of their legs
(ego view and observer’s view) when these perspectives corre-
spond to the same directionality of movement but different spa-

tial orientations. Infants were presented with two on-line video
images of their legs from the waist down and, as in Experiment
1, one image corresponded to an ego view and the other to an
observer’s view. To maintain a congruent and identical direc-
tionality of movement in both views, the observer’s view dis-
played a left-right reversal (see Figure 2C). These two images
varied in spatial orientation only while keeping the directional-

ity of movement and their temporal contingency constant. The

rationale was that if infants are sensitive to and show discrimi-
nation of the spatial orientation of their legs, they would tend to
look significantly longer and generate more leg activity while
looking at one image over the other. In particular, they would
look longer and generate more leg activity while looking at the
observer’s view, because this view is the least congruent com-
pared with the ego view, which corresponds to what infants ex-
perience while exploring their own legs directly.

Method

Sample

Twenty healthy full-term infants (10 girls and 10 boys) were divided
into two groups. Ten were 3-month-olds (A age = 3 months 15 days;
range = 3 months 2 days to 3 months 25 days; SD = 9 days), and 10
were 4-5-month-olds (M age = 4 months 27 days; range = 4 months 0
days to S months 12 days; SD = 12 days). The infants were recruited
from a subject pool consisting of over 500 infants born in the Atlanta
area. Parents were contacted by phone and were invited to participate
with their infant. Overall, a total of 29 infants were tested. Of the 9 not
included in the final sample, 1 fell asleep, 2 cried, and 6 looked at the
TV less than 15% of the test period.

Procedure and Design

The same basic paradigm, procedure, design, data collection, and
analysis described for Experiment 1 was used in this third experiment.
Two cameras provided the infant with an ego view and an observer’s
view of his or her legs from the waist down. These cameras were placed,
one in front of the infant (reversed observer’s view ) and one behind the
infant (ego view), both oriented down toward his or her legs. The cam-
era providing the reversed observer’s view was modified to provide a
left-right reversal of the image displayed on the TV monitor (the modi-
fied camera used in Experiment 2).

The display provided the infant with two views of his or her legs from
the waist down. In both views, the directionality of movement was con-
gruent with the infant’s own movements. That is, when the infant
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moved his or her legs to either the right or the left, the legs on both
images presented on the TV monitor moved in the corresponding direc-
tion. The only difference between the two views was the inverted spatial
orientation of the legs (see Figure 2C). In the observer’s view, the feet
were pointing down, toward the lower part of the TV screen. In the ego
view, they were pointing up, toward the upper part of the screen. Again,
the side presentation of either view of the legs, on the left or right side of
the split screen, was counterbalanced among the infants of each age
group.

For all measures pertaining to visual behavior, within- and between-
coders reliability tests performed on one third of the infants yielded
Pearson’s correlations greater than .92.

Results
Looking

On average, both groups of infants spent more time looking
at the TV monitor, compared with looking away (see Table 3).
Analysis of the number of seconds spent looking at either view
of the self indicates that, for both age groups, there is no sig-
nificant preference for either view. The results are shown in Ta-
ble 3. A 2 (age) X 5 (minute) X 2 (view) mixed-design ANOVA
performed on looking duration in seconds yielded no significant
effect of view, F(1, 18) = 1.548, p < .23, nor any significant
minute or age effect. In addition, a 2 (age) X 5 (minute) X 2
(view) mixed-design ANOVA on the percentage of time looking
at either view over the 5-min test presentation (see Table 3)
yielded no significant main effect of view, F(1, 18)= 1.56,p <
.23, and again no significant age or minute effect. This result
confirms that at both ages, there is no preference in looking at
either view. Of 10 of the 3-month-olds, 6 showed proportionally
more looking at the ego view, and 4 showed more looking at
the reversed observer’s view. Of 10 of the 4-5-month-olds, 4
preferred the ego view, and 6 preferred the reversed observer’s
view.

As in the other experiments, looking behavior was further an-
alyzed in terms of the frequency of gaze switching. Switching
frequency was analyzed minute by minute over the 5-min test
presentation. A 2 (age) X 5 (minute) mixed-design ANOVA
performed on the frequency of gaze switching yielded a margin-
ally significant effect of minute only, F(4,72) = 2.391, p < .06,
and no significant Age X Minute interaction. As in the other
two experiments, switching of gaze from one view to the other
tended to progressively decrease as a function minute (i.e., from
10 in the first minute to 7 in the fifth). Again, the extensive
amount of switching is inconsistent with the possibility of an
anchoring of the gaze to one particular view.

In summary, the analysis of looking indicates that (a) there is
no preference for either the reversed observer’s view or the ego
view, (b) this pattern of results applies to both age groups, and
(c) although there is no preference for either view, infants ap-
pear actively engaged in comparing the two views.

Leg Activity

On average, both groups of infants showed more leg activity
while they were looking at the TV monitor compared with look-
ing away (see Table 3). A 2 (age) X 2 (gaze direction) ANOVA
yielded a significant effect of gaze direction only, F(1, 18) =
29.389, p < .0001. This suggests that they actively responded to

the visual-proprioceptive contingency of the display. Leg activ-
ity while looking at the TV was further analyzed as a percentage
of the time spent looking at either the ego or the reversed ob-
server’s view, [(leg activity while looking at a particular view)/
(looking at this particular view) X 100]. Table 3 shows that
infants tend to generate proportionally the same amount of leg
activity while looking at the reversed observer’s view as com-
pared with the ego view. A 2 (age) X 5 (minute) X 2 (view)
mixed-design ANOVA vyielded no significant main effect of
minute, F(4, 72) = 1.939, p < .113, and no significant main
effect of view, F(1, 18) =0.109, p < .745.

In summary, the analysis of leg activity indicates that (a) in-
fants of both age groups become attuned to the visual-proprio-
ceptive contingency of the display, but (b) infants do not show a
progressive increase of leg activity as a function of testing time,
and (c) infants do not generate more leg activity while looking
at either view.

Discussion

This third experiment demonstrates that infants at both ages
showed no significant preference for either the reversed observ-
er’s view or the ego view. In this experiment, the directionality
of movement in both views presented on the TV monitor was
congruent with the infant’s own movements. The results of this
experiment indicate that infants do not show a preference be-
tween the two spatial orientations of their legs. In relation to
Experiment 1 and 2, these resuits clearly demonstrate that di-
rectionality of movement is the information underlying infants’
preference. Recall that in Experiment 1 (see Figure 2A), the
two images displayed were temporally contingent (on-line views
of the legs) but varied both in spatial orientation and direction-
ality of movement. In Experiment 2, the views were temporally
contingent but varied in directionality and not in spatial orien-
tation. The aim of this third experiment was to further untangle
spatial orientation and directionality of movement as spatial de-
terminants of the infant’s preferential looking, by only varying
spatial orientation (see Figure 2C). Results show that a change
in spatial orientation (i.e., change in camera perspective with
no left-to-right reversal ) negates the preference found in Exper-
iments 1 and 2. In this third experiment, infants did not mani-
fest a preference for either view of their legs based on differences
in spatial orientation. As in Experiments 1 and 2, results show
that at both ages, infants were actively engaged in exploring the
display. The visual-proprioceptive experience of the display,
combined with the contingent sound picked up by the micro-
phone, caused infants to generate significantly more leg activity
while looking at the TV. Note that for this last experiment, the
attrition rate of infants who looked less than 15% of the test
period is twice as great compared with those of Experiments 1
and 2. This greater attrition rate could possibly be caused by the
nature of the visual display or the particular subject sample.

Overall, these results demonstrate that in the first two exper-
iments, directionality of movement was the crucial variable
capturing the infants’ attention and causing their preference.

General Discussion

Previous research has shown that the perceptual discrimina-
tion of self-produced limb movements in early infancy depends
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Table 3
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Means and Standard Deviations for Looking Durations, Proportion of Looking and

Leg Activity for Both Groups of Infants in Experiment 3

Looking (in s) Looking (%) Leg Activity (%)
Away Reversed Reversed Away Reversed
from observer’s Ego observer’s Ego from observer’s Ego
Age TV At TV view view AtTV view view TV At TV view view
3 months
M 82 218 95 124 73 44 56 5 18 18 18
SD 59 59 78 75 20 36 34 4 12 11 11
4-5 months !
M 175 125 47 78 42 37 63 7 25 22 29
SD 78 78 26 65 26 21 52 6 9 13 10

on the temporal contingency between proprioceptive and visual
feedback (Bahrick & Watson, 1985; Papousek & Papousek,
1974). These results demonstrate that infants from 5 months
of age detect changes and discrepancies in temporal contin-
gency. In addition, the present research demonstrates that aside
from temporal contingency, the perception and discrimination
of self-produced leg movements in infants as young as 3 months
of age is based on particular aspects of spatial congruity and
organization. In an experimental context in which temporal
contingency was maintained constant, infants are shown to de-
tect discrepancies in the directionality of self-produced leg
movements caused by a left—right inversion. The directionality
of movement and its relative congruence with what is regularly
experienced by the infant is shown to be an important determi-
nant of early self-exploration. Furthermore, our research shows
that the directionality of movement determines the exploration
of self-produced leg movements independently of the spatial
orientation of the visible body part. Results of Experiment [

indicate that infants discriminate between two views of self-
produced leg movements varying both in spatial orientation
and directionality. Results of Experiment 2 demonstrate that
when spatial orientation is maintained constant, changes in
movement’s directionality are discriminated by the infants. Fi-
nally, results of Experiment 3 further demonstrate that the spa-
tial determinant of infants’ self-exploration and discrimination
is the directionality of movement and not the spatial orienta-
tion. In the third experiment in which the spatial orientation of
the image was inverted but the directionality of movement was
congruent with the regular calibration of proprioceptive-visual
space, infants showed no signs of discrimination.

The salience of movement’s directionality as a determinant
of early self-exploration corroborates recent findings revealing
precocious cognitive and perceptual competencies only when
infants are presented with dynamic displays. The work of
Spelke and collaborators show that the physical continuity of a
partly occluded object, or the persistence of an object momen-
tarily out of sight, is first perceived and understood in relation
to motion (Spelke, 1985). It is not before the end of the first
year that infants start perceiving these characteristics based on
Gestalt principles (i.e., good continuation) or manifest such
physical knowledge in reference to static objects. Young infants
are primarily sensitive to motion information than to Gestalt
features or differences in appearance such as spatial orientation.

As in the case of object perception, the data and basic phenom-
enon reported here indicate that early in development, self-ex-
ploration is primarily based on information arising from
movement.

In addition to temporal determinants, there are spatial deter-
minants to the perception of self-produced leg movements in
early infancy. Infants are sensitive to the temporal contingencies
as well as the spatial congruence between the proprioceptive and
visual feedback from self-generated limb movements. With re-
spect to spatial congruity, infants are sensitive to the spatial dis-
crepancy between an image that corresponds to what they ex-
perience while looking directly at their own moving limbs and
an image that reverses some of its spatial invariants. In detecting
these discrepancies, infants demonstrate that they are attuned
to intermodal invariants that underlie the calibration of visual
and proprioceptive space. This attunment is evident in all three
measures of preferential looking, visual comparison, and leg ac-
tivity displayed by the infants. In general, infants are shown to
explore the spatially incongruent view of their legs and to com-
pare it with the congruent view that corroborates the regular
calibration of intermodal space. In Experiments 1 and 2, the
analyses of looking behavior show that at both ages, infants are
engaged in comparing the two views, demonstrating frequent
gaze alternations that become significantly less frequent as a
function of testing time. Furthermore, the analyses of the fre-
quency of leg movements show that infants tend to be more
active while looking at the incongruent view than at the congru-
ent one. In Experiment 2 in which the spatial orientation was
identical, the detection of differences between the two views de-
pended exclusively on self-generated leg movements. Analysis
of these movements demonstrates that infants of both age
groups were actively involved in exploring the differences be-
tween the visual-proprioceptive invariants associated with each
view, preferring the peculiarities of the incongruent one.

Based on the results reported by Bahrick and Watson (1985),
temporal determinants of self-exploration appear to be clearly
evident by 5 months. In contrast, the present research provides
evidence that by 3 months, self-exploration also depends on the
spatial organization of the directionality of movement. These
results suggest that spatial determinants may precede temporal
ones in the development of self-exploration in infancy. However,
this interpretation needs further empirical support as the exper-
imental paradigm used in the present research was a modified
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version of the one used by Bahrick and Watson. Specifically, in
the present research, each leg movement produced a commen-
surate, compelling sound. This contingent sound clearly en-
hanced the infants’ engagement and might explain the age
difference in the findings of the two studies, independently of
the spatial or temporal factors that were manipulated in both
studies.

In all the experiments reported here, for both age groups, the
same general pattern of discrimination is observed. Neverthe-
less, two age differences were found regarding the magnitude of
the general trends. First, in Experiment 1, 3-month-olds mani-
fest a stronger preference for the observer’s view, compared with
the group of 4-5-month-olds. This result was unexpected. Be-
cause it was not replicated in Experiment 2, it might be due
to the sample of infants tested in the first experiment. Future
research confirming this finding is warranted before further in-
terpretation. Second, analysis of visual exploration as a function
of testing time shows that younger infants demonstrated a sig-
nificantly slower decline (Experiment 1) or no decline at all
(Experiment 2) in the frequency of gaze alternations between
the two views. These results indicate that compared with the
older group, 3-month-olds take more time to settle into a pref-
erence for the incongruent view. This could mean that the youn-
ger infants are slower in analyzing and processing the differences
between the two views of the legs on the display. Given that the
same general patterns of preferential looking are observed at
both ages in all three experiments, it is probable that infants
attended to the same contrasted elements of the two views, but
on a different time frame depending on their age.

At a more speculative level of analysis, it is possible to view
the present results as informative about the nature of seif-explo-
ration by young infants, long before they show self-recognition
in front of a mirror. Young infants appear to be attuned to cer-
tain aspects of invariant perceptual information (directionality
of movement) used to calibrate intermodal space. Without such
attunment, infants would not show the phenomenon reported
here, in particular the discrimination of an incongruent visual-
proprioceptive experience. The detection of an inversion in the
directionality of self-produced leg movement presupposes that
infants perceive changes in the spatial regularities associated
with the vision and proprioception of their own legs in motion.
From 3-months of age, infants are involved in exploring the
spatial violations of the incongruent view of their legs. The ob-
served combination of preferential looking, visual comparison,
and visual-proprioceptive exploration indicates that infants are
actively engaged in experiencing the discrepancies between the
incongruent (novel) and the congruent relation between their
own actions and the resulting direction of visible motion. Young
infants are ready to learn about changes in the spatial calibra-
tion of vision and proprioception. This behavioral phenomenon
corresponds to a basic attunement to intermodal invariants,
which, we propose, form the developmental origins of self-
perception.

The present demonstration of the infants’ attunement to in-
variants of intermodal space suggests that from an early age in-
fants are sensitive to information that eventually will enable
them to specify themselves as a differentiated entity in the envi-
ronment. However, further research is mecessary to assess
whether young infants discriminate the visual-proprioceptive

experience of self-generated leg movements from that of other
movements. A decisive test of such discrimination should in-
volve a comparison between the infant’s reaction to self-pro-
duced body movements and the reaction to object movements
synchronous with those of the body. For example, the question
is whether infants will show the same sensitivity regarding
movement directionality when looking at either an online view
of their own legs (present studies ) or that of another object mov-
ing in synchrony with the legs’ movements (e.g., point light dis-
play or mobile).

In addition to visual-proprioceptive experience of the body,
there are other identifiable experiences involving different per-
ceptual systems that might guide self-exploration. These expe-
riences include touching one’s own body (von Glasersfeld,
1988, p. 185), which involves the invariant experience of a dou-
ble touch, or listening to one’s own voice, which involves the
invariant experience of an identical spatial relationship be-
tween the mouth as a sound source and the ears as receptors
of these sounds, as well as the co-occurrence of proprioceptive
feedback from the vocal track. Infants from birth experience
these invariant relationships, which are directly linked to self-
exploration. Neonates root toward stimulation on their cheek
and spend a large proportion of waking time bringing their hand
or hands to their mouth and face, experiencing the contrast be-
tween single and double touch (Rochat, 1993). They also orient
to other sounds (Clifton, Morrongiello, Kulig, & Dowd, 1981)
while listening to their own crying and cooing, henceforth ex-
periencing the contrasts between self-produced sounds and
other sounds. The early experience of such contrasts are viewed
as the origins of perceptual learning about the self.

Future research is needed to further investigate the early de-
tection of intermodal invariants specifying the self and how in-
fants learn about them. Such research is necessary to account
for the origins of self-cognition, and eventually to understand
the central problem of the developmental transition from early
self-exploration to later development of self-perception and the
emergence of the conceptual self.
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