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sponse), but rather is fundamentally mom_-olmsﬁmn_ and ultimately driven
by the anticipation of an oral goal.

If oral goals (i.e., contacts with a suckable object) organize much of
newborns’ wakeful behavior, similar goals continue to determine the emer-
gence of important behavior emerging by the second, and even the fourth
month of life. I have documented that when 2-month-olds start to engage
in systematic manual-haptic exploration of objects, they tend first to bring
them to the mouth (Rochat, 1989). Up to approximately 4 months, the
mouth remains the main locus of spontaneous object exploration (Rochat
& Senders, 1991). Interestingly, when 4-month-old infants start to reach
m%mﬁmamznm:% for objects they see, they do so ﬁn.:zm:.:v\ to bring them in
contact with the mouth. This is illustrated by Fig. 1.1C displaying a 4-
month-old infant that is just starting to reach and to whom an object is
presented for reaching with the mother holding both of her hands down
to the side. Prevented to use her hands in order to reach and eventually
transport the object to the mouth, the infant manifests the new strategy
of leaning forward to directly capture the object orally. Obviously, the
infant adaptively discovered new means to achieve the same goal. As Bruner
(1969) did before us, we suggested elsewhere that the oral capture of the
object is an important factor driving the emergence of systematic reaching
behavior by the fourth month (Rochat & Senders, 1991).

The observations outlined indicate that immediately after birth, infants
are not merely sophisticated responding machines enndowed with the sen-
sory power to discriminate the stimuli they are bombarded with. In contrast,
they suggest that neonate behavior corresponds to sensorimotor move-
ments that are organized in action systems that are driven by specific
functional goals, in wwnﬁn:_m_. feeding and oral contacts. A major feature
of early development is that from oral goals that appear to guide infants’
behavior and anticipation during the first 4 to 6 weeks of life, new func-

tional goals emerge that Qﬁm:& infants’ wmanmwao:_ action, and attention
to their environment. By 6 weeks, infants form novel nxﬁmnﬁmc.osm and
appear to become newly attuned to external things and events beyond
their own bodily sphere.

THE OBJECTIFIED WORLD OF THE 2MONTH-OLD

There is a key developinental transition by the second month of life.
Parents commonly report increasingly gratifying social exchanges with their

infant who starts to smile and respond in reciprocal ways. 1 would like to
illustrate that at this phase of development, infants drastically enlarge the

range of functional goals that guide their Wmﬁnnw&oslmnaoz systems, not
only in relation to their caretakers, but also in relation to the self and to
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og.mnrm. In general, the functional goals guiding the infant’s perceptio
action, and anticipation emerge as increasingly objectified NBQMxS%E_ ﬂo.
the body. Infants appear to wake up to an objectified environment
H:mm.srﬁ for example, start to use their hands not only to touch ﬁrma.mn_cnm
and Uds.m them to the mouth, but also to transport grasped objects for oral
mxm.u_ogso: (Rochat, 1989, 1993). By 2 months, the oral zone remains a focal
wo:: nm infant behavior. However, it appears that the mouth becomes
_ﬁnu.mmm_:.m_v\ oriented toward an exploratory function, in addition to nutri-
tion. Beside sucking, infants start to manifest more biting, tonguing, and li
movements while experiencing an intraoral object that is mnnm.:an mw
comparison to the biological shape of the nipple in terms of shape and
sz.:m (Rochat, 1983). In our culture, solid food is commonly m:qWQ:nnn_
mnﬁcwm the second month, this practice contributing to a change in the
m::n.cosm_ status of the mouth as an exploratory system in the context of
.mmna_sm. It is via oral exploration (i.e., chewing, biting, and tonguing) that
w:@::m learn to process and select food that is either ingestable Mﬂ not
_:mnmgzm. In addition to the transit and extraction of liquid food via
sucking, the introduction of solid food transforms the mouth into a checkin
and ﬁaom“mmmm:m point from which food is either swallowed or rejected i
. Wm_wcﬁw to the whole body surface and aside from the finger tips m:.a the
Ema.m of the hands, the mouth concentrates the highest density of tactile—
Twﬁ:m receptors. By the second month, infants tap increasingly and in new
ways into the haptic power of the mouth. In addition to chewing and
mimzo,\.ﬁsm in the context of feeding, they start to use their mouth to QW lore
:o.:QEEm physical objects. At birth, when infants are presented with mwam:
object for grasping and once they have a good hold of the object, they will
not tend to bring it to the mouth for oral contact and mxw_oﬂmao:_ Qﬂowrwﬁ
1993). As we have seen ini the preceding section, this is not due to a lack 0m
hand-mouth coordination. Rather, it is due to limited attention and interest
for mamm.w.mn._ objects that are not yet integrated in larger intermodal explora-
.85\ WncS:nm. Note however that immediately after birth, infants do nM age
in Q._mmmwmzc.w_ oral and manual responding when presented with ovmmma
varying in texture and elasticity (Rochat, 1983, 1987). This oral and E%DEN_
exploration is still rudimentary and tightly linked to feeding, becoming m
playful and gratuitous by the second month. _ s
By m weeks, infants appear increasingly interested by objects for the sake
of their novelty and the discovery of their affordances aside from feedin
purpose. It is indeed during the second month that infants are non:do:_m
Qmmn.ﬁdna by caretakers as opening up to the world, becoming more _wﬁcv_\
and Eﬁmnmmﬁma, hence more interesting for those who spend time 59@9@5
>ma.m from the anticipatory activity of the newborn discussed in Hrm.
ﬁamn.mnrsm section, neonatal imitation (Meltzoff & Moore, 1977), and few
studies reporting categorical perception at birth Awoﬂ_m,ﬁmm? Nmnmmms. &
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Weiskopf, 1976; Slater & Morison, 1991), evidence suggesting that infants 1
month and younger can recognize objects and recall past events are sparse.
Potentially representational activities by neonates are still limited to activities
that are focused on the own body, and in ?:.mn:_mq to activities that are
centered around the mouth (i.e., mouth ovmasm. tongue ﬁnoﬁw:wwosv. For
1- to 2-month-olds, evidence of object recall and recognition starts to
abound. For example, infants are reported to look longer at an object
matching the shape and relative elasticity of a pacifier they explored in 2
vnmnm%zm oral familiarization (Gibson & Walker, 1984; Meltzoff & Borton,
1979). Interestingly, in a recent study Meltzoff and Moore (1994) reported
that 6-week-old infants not only develop a new repertoire of oral imitation
(e.g., tongue protrusion to the side in addition to midline), they also display
remarkable attempts to explore and improve the matching between the
modeled action and its imitation. This observation is not reported in
newborns and points to a qualitative change in the imitative ability of the
infant that appears to become more differentiated and objectified.

If by the second month infants show a marked increase in their pro-
pensity to engage with objects outside of their own bodily sphere, they do
pot lose track of themselves and their own body effectivities in the world.
They start to show particular attention to the effect of their own action
beyond the context of oral goals (i.e., feeding or oral contacts). For ex-
ample, Lewis, Sullivan, & Brooks-Gunn (1985) attached to one wrist of
9-month-olds a cord no.BSQOa to a music box that triggered interesting
sounds and sights when pulled. Compared to a baseline period where the
cord was not attached to the box, infants learned within 3 minutes to
instrument the appropriate arm action to trigger the music box. The fre-
quency of arm pulls are reported to increase significantly and infants
displayed enhanced positive affects via significant increases in smiling.
Interestingly, during a second Amxndnao:v baseline, infants are nmﬁolma
to continue to pull at even a higher rate in an apparent attempt to obtain
the reinforcing consequence. They displayed a marked reduction in smiling
and a significant increase in an anger expression during this extinction
phase. These observations suggest that infants at this age start systematically
to explore themselves as agent of action and transformation in the envi-
ronment. With this exploration, they learn new ways to impact on objects
and develop expectations about what should happen next in particular
environmental situations and following particular self-generated actions.
In other words, they seem to be engaged in pondering the environment
as well as perceiving and acting in it. ] would suggest that there is more
than direct perception as they act with a plan or some kind of a repre-
sentation of future outcomes. It is doubtful that the accompanying emo-
tional expressions of anger reported by Lewis et al. (1985) are automatic
responses, but rather are revealing of the infant’s anticipation of a EEE@Q
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The basic idea guiding the research is that by 2 months, infants develop
a novel sensitivity to their own effectivities, starting to explore and possibly
to recognize themselves in the auditory consequences of thieir own action.
The systematic exploration of such consequences is viewed as the potential
mechanism underlying an early objectification of the self (Rochat, 1995).

I present next a sample of preliminary results obtained in the Rochat
and Striano project. Figure 1.2 illustrates the oral response of a 2-month-old
infant across the two baselines with no auditory feedback and the two
experimental conditions with contingent sounds that are either analog
(Contingent + Analog condition) or spatially incongruent (Contingent
Only condition). The figure displays successive positive pressure variations
applied by this vmaanc_ma infant on the pacifier in the successive conditions,
each repeated twice in an alternate order.

As shown in Fig. 1.2, the infant displays remarkably fast learning of the
auditory consequences of the oral pressures shie applies on the pacifier.
In comparison to the second baseline, the infant demonstrates a lower
rate of sucking on the nipple during the first baseline. Very quickly this
infant learns to use her mouth as an instrument to generate sounds aside
from sucking and oral-haptic exploration of the pacifier as discussed in
the preceding section. Aside from evidence of instrumental learning, the
results obtained with this infant reveal two other interesting facts. In rela-
tion to the two auditory feedback conditions, she responded at a markedly
higher rate in the Contingent + Analog condition where the sound
matched her oral effort on the pacifier. The spatial congruence between
what the baby does on the pacifier and the auditory equivalent produced
by her action seems to determine her enhanced sucking engagement.
Watson (1984) proposed that young infants’ instrumental learning is en-
hanced when the consequence of the learned action is not petfectly con-
tingent. Based on the results of the baby presented in Fig. 1.2, it seems
that the learning is not only dependent on the timing of the consequence
as, in both mxvm_‘mamsg_ conditions, there is perfect contingency (i.e.,
every time the infant sucks or applies pressure on the pacifier it produces
a simultaneous auditory feedback). The only time the infant might have
acted on the pacifier without a simultaneous auditory consequence is in
the Contingent Only condition and during the 2-second burst of random
sounds triggered by a preceding pressure. However, Watson’s assertion
should have predicted a reversed outcome compared to what this infant
actually demonstrates. What appears to be an important determinant of
the infant’s oral-auditory exploration is not only the temporal link between
the two, but the spatial congruence that matches the infant’s haptic effort
on the nipple and the simultaneous auditory perception of this effort. This
is what makes the Contingent + Congruent experimental condition more
engaging for this 2-month-old.
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FIG. 1.2. Positive pressure applied on a pacifier (mean sucks per second)
as a function of time (sec) and successive experimental conditions: no
auditory feedback (beginning and end baselines (B)), contingent and analog
auditory feedback (C + A), and contingent only auditory feedback (C only).

Finally, another remarkable fact is what can be observed in the second
baseline at the end of the graph presented in Fig. 1.2. Similar to what is
reported by Lewis et al. (1985), the infant engages in renewed oral activity
during this extinction phase. Again, this would suggest that after only 6
minutes of learning opportunity, the infant already developed expectation
as to what should happen when sucking on the nipple. Although we did
not videotape the infant’s facial expression, both the mother and the
experimenter who witnessed the testing session reported that the baby
U.mnm:do perturbed.and more agitated, displaying an overall facial expres-
sion change during the extinction phase of the second baseline. It is
doubtful that this reaction was due to fatigue, the infant engaging in more

oral activity at during this last phase of the experiment. We intend to
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document precisely these reactions in subsequent testing by videotaping
infants’ facial expressions as.Lewis et al. have done.

In summary, we interpret these preliminary observations as evidence
that the infant displays in her oral activity more than mere instrumental
learning. She engages in a differential perception—action coupling while
exploring the contingent auditory consequence that is either congruent
or incongruent with what she is doing on the pacifier. In addition, this
particular infant demonstrates some probing of the situation and antici-
pation of an outcome (i.e., results of the second baseline). Again, these
observations reveal that very early in development and in the context of
expanding new goals, infants Jearn both: to act adaptively in coupling with
perception and to anticipate outcomes.

As mentioned m:oio:m_va by the second month infants open up not
only to the world of objects but to the world of people. They start to
reciprocate and share attention in bouts of turn taking, displaying what
Trevarthen (1993) described as primary intersubjectivity. The study of 2-
month-olds interacting with their mother is revealing of both their devel-
oping perceptual skills and representational abilities. A phenomenon that
has been widely documented by 5- to 6-month-old infants (Muir & Hains,
1993; Toda & Fogel, 1993; Tronick, Als, Adamson, Wise, & Brazelton,
1978) is the still face, where the mother is asked in the middle of a playful
interaction with her infant to adopt a neutral, frozen (static) expression
while staring at her child. As already described, infants are systematically
reported to show distress, including dramatic gaze aversion and smile re-
duction. It is not yet clear what exactly determines this robust response of
the infant and more research is needed, vmnans_mz% with infants in their
second month as they start to develop interactive skills.

A lean interpretation of the still-face phenomenon is that it is essentially
determined by the sudden removal of crucial perceptual cues by the mother
that disable the infant in monitoring ongoing social exchanges. The
mother becomes suddenly still, silent, and is commonly asked to refrain
from touching her infant (but see Muir & Hains, 1993, demonstrating the
stress reduction factor of touch in a still-face situation). Dynamic visual,
auditory, and tactile cues are indeed suddenly and no:m?n:ocm_% absent
in the still-face situation. Interestingly, and based on our own recent ob-
servations at the Emory Infant Lab, mothers have a very difficult time
adopting a steady still face while interacting with their infant. They report
an uncontrollable urge to interact and intervene when their child starts
to show distress, notwithstanding the difficulty of maintaining a serious
facial composure in front of their contact-craving infant.

Another way to look at and try to-account for this phenomenon is to
postulate that beyond the sudden absence of crucial perceptual cues, in-
fants react to the situation because they do not expect their mother to
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.Um:wa& in such a way. Obviously, this interpretation does not dismiss the
importance of the sudden removal by the mother of perceptual informa-
tion that might directly specify social exchanges and reciprocity with her
wzmm:r It does, however, assume that infants do anticipate certain behavior
in their mother or any other caretakers, probing their reactions as a func-
tion of what they do and the social context they are in (e.g., whether they
are entertained, fed, put to m_mnv. or changed).

I would like to share another set of preliminary observations that seem
to go in the direction of this latter interpretation. These observations come
from two different ongoing research projects with 2-month-old infants
started recently in collaboration with Blatt and Querido at the MBOJH
Infant Lab. In one study, we place the infant in front of a female experi-
menter for approximately 3 minutes of free play interaction in which the
experimenter tries to engage the infant with high-pitch voices and fun
faces to make him or her smile, without engaging in any touching. Between
bouts of lively interaction, the experimenter adopts a still face for up to
30 seconds or until the infant starts to show marked distress and first signs
of fussing. During each still-face episode, the experimenter displays one
of three different facial expressions that are commonly described as peér-
ceptually discriminated by infants of this age and even younger (e.g., Field,
Woodson, Greenberg, & Cohen, 1982): a) an emotionless facial display
corresponding to the neutral face used in existing still face studies; b) a
rwvg\ face with frozen (“say cheese”) smiling expression; and c) a sad face
59. inverted U mouth, puckering lips and broken eyebrows.

.ﬂ:mﬁ observations of infants in this situation indicate that they react
m__ﬂmnn:m_m:v\ to the still-face situation depending on the experimenter’s
facial m.xw:wmmwo:. In the neutral, regular still-face display, all infants react
m.nnoa_:m to what is documented in existing literature: marked gaze aver-
sion w.da smile reduction. In contrast, it appears that infants show persist-
ence in gazing at the experimenter when she adopts either a happy or
sad still .mmnm. with maybe more gaze at the happy expression. Again, these
observations are preliminary and more analyses are required to confirm
.Emmm first results. However, such results are promising, in support of the
am.m that infants are probing the experimenter during still-face episodes.
This probing depends on the static emotional cues that are available.
+Happy or sad faces appear to be meaningful for the infant in the social
context they are in and therefore are potentially less disruptive. In contrast
the neutral emotionless expression is anmdmdm_mmm for the infants to 90.
extent that it does not fit any of their expectations about people and how
they usually react while interacting with them. This interpretation is rea-
mo:wv._m considering that it is not the mere sudden immobility of the
mxvmw::msmm_. that triggers the reported stress in infants, but what they
read in the facial expression of the person they are interacting with. This
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reading goes beyond direct perception, probably tapping also into a rudi-
mentary representation of what an adult person is, or at least should be
in relation to them (highly expressive, whether happy or sad, but never
neutral or emotionless in intimate, playful interactions).

In a second ongoing project, infants are placed in front of the experi-
menter who engaged in a repetitive, ritualized peek-a-boo routine following
a 30-second period of free-play interaction. This routine includes three
distinct phases: a greeting phase (“Hi baby, look at me”) with the experi-
meuter leaning forward, closer to the infant; a hiding phase with the
experimenter bringing both hands in front of her face and saying “Peck-
a-boo!” and a release phase with the experimenter removing her hands
from her face and moving away from the infant while saying softly
“Aaaaaah!” This routine has fixed sequences in a crescendo—decrescendo
overall pattern or script. This pattern of tension and release is often de-
scribed as a feature young infants are particularly sensitive to in their
interaction with others (Stern, 1985).

After a 30second period of free play and interaction, the experimenter
engages in a series of seven successive peek-a-boo routines over a period

of approximately 1 minute before resuming free play. This sequence is .

repeated twice in two different conditions. In one condition, the peek-a-boo
script is organized in the order of the three sequences just described
(Normal condition). In another condition, the three sequences of the
peek-a-boo are randomly organized and distributed over the seven repeti-
tions of the script (Scramble condition). The experimenter wears an in-
conspicuous earphone, listening to a tape of successive random sequences
of the peek-a-boo routine 'she follows, adopting the same tone of voice as
in the Normal condition. In the Normal condition, the experimenter is
attuned to the infant’s attention and relative engagement with her, prior
to starting each peek-a-boo routine. In contrast, in the Scramble condition,
the experimenter follows the prerecorded order and hence is not attuned
to the infant’s ongoing attention. Furthermore, the scrambled order breaks
the regularities of the crescendo-decrescendo pattern, removing the op-
portunity for the infant to develop expectancies based on some repre-
sentation of the script.

We just started this research but preliminary observations are again
promising. Two-month-olds appear to react differently in the scramble
compared to the normal condition. The infants seem to smile less and to be
generally less engaged. If these observations are confirmed by future
analyses, this would again suggest that by 2 months, when infants start to
reciprocate and respond socially, they do not merely express the direct
perception of people’s social (playful) affordances. They also start to read
meaningful social events, elaborating specific expectations about people’s
behavior in a social (playful, interactive) context. They rapidly pick up
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complex regularities in the interactive flow with caretakers, developing
expectations in routines that are offered by adults to entertain the infant.
r:mammmbm_v\. these routines (e.g., peek-a-boo, paddy cakes) are structured
to be easily picked up and represented by the infant: not too long,
.vcznﬁ:m:ma by tension and release, with a mix of sharp sounds and interest-
ing visual events that are particularly engaging for the infant. These routines
are widely used and compulsively rehearsed by adults. The generalized use
by adults of such infant appropriate routines scaffolds young infants’ ability
to anticipate and represent social events, beyond the direct perception of
social affordances.

ACTION DEVELOPMENT AND REPRESENTATION
BY 3- TO 4MONTH-OLD INFANTS

MV\ 3 to 4 months, infants manifest an m:n:wwm:_.am sense of their own agency
in relation to objects, as well as unambiguous representational abilities.
.Wnnmzﬁ infancy literature provides abundant evidence that by 4 months,
infants predict outcomes of their own action on objects as well as the
outcome of perceived events occurring independently of their own agency.
At the level of perception and action, this age is marked by the emer-
‘gence of object manipulation. Infants start to contact and grasp objects
, EQ see (von Hofsten & Lindhagen, 1979) and develop fine manipulatory
:,.wn:Sc.mm in conjunction with vision, including scratching, banging, and
5 mbmm::m of grasped objects (Rochat, 1989). In this novel propensity to
:bring objects in contact with the hands and to engage in protracted manual,
oww_. auditory and visual inspection, infants discover novel affordances and
new effectivities of their own body. They learn what objects afford for
-manual action, aside from sucking, chewing, biting, and tonguing with the
~mouth. This is obviously an important development that enlarges the in-
fant’s possibilities for action and opportunities to learn objects’ afford-
ances. It is also a source of learning ‘about the ecological self (Neisser,
poosu a sense of self as a situated agent in the environment.
“»"When infants start to reach and do things manually with objects, it
. provides them with enhanced opportunities to plan actions and to learn
“about the outcome of their own actions. We have seen in the preceding
section that from birth and clearly by 2 months, infants already demonstrate
some anticipation of the consequences of their own actions. However, 3-
Ao 4month-old infants develop new perceptuo-motor activities (i.e., reach-
Em.v .;:: provide rich opportunities for the parallel development of novel
wzcn.:umao: and probing: particular contact, particular manipulation, and
&unn_mn effect on objects with new visual, haptic, and auditory consequences
(e.g,, the anticipation of a particular sound and shiny movements of a
metal rattle that the infant might grasp and shake in front of her eyes).
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As proposed by Piaget (1952) many years ago, eye—hand coordination,
and in Humaan:_mz. the emergence of systematic reaching behavior, corre-
sponds to more than an important landmark of ﬁnﬂnm?:m_ and motor
development. It also corresponds to the emergence of planning and clearly
intentional action. When infants start to reach, they do not only express
eye-hand coordination and the detection of an object’s reachability, they
also manifest intention to do particular things with them such as banging
them, pushing them, or bringing them to the mouth (Rochat & Senders,
1991). Again, aside from direct perception and action, w_mdidm_ anticipa-
tion, and ﬂwvnnmmsnwmos underlies early reaching behavior (see for example
the research of Clifton, Rochat, Litovsky, & Perris, 1991, demonstrating
anticipation and representation in 6-month-old infants reaching for vari-
ous-sized objects in the dark).

I would like to briefly present more observations on - to 4month-old
infants we recently collected at the Emory Infant Lab (Rochat & Morgan,
in press). These observations demonstrate that by 3 months, infants develop
a mov_imanwﬁa sense of their own body as agent in the environment. They
also show that infants are actively engaged in detecting and exploring
objects’ affordances, as well as in the process of recognizing and planning
actions on objects.

As partof a larger research program on self-perception and exploration
in infancy (Rochat & Morgan, 1995a, 1995b), we vanmndﬁma 3- to 4month-
old infants with an online view of their own legs projected onto a large
video monitor. In one condition, they saw only their legs dressed with
black and white striped socKs. The infants were seated in a reclined position
in front of the TV and could not see their legs directly. In different ex-
perimental conditions, infants saw either their legs (No Object condition),
or their legs plus an object on the screen (Object condition). In the No
Object condition, a tie microphone was _u_mnna under the infant’s feet so
each time she moved her legs, mrn_:mma a _‘:mm::m\mn;ﬂ_ism sound

coming from an amplified speaker located centrally on top of the TV (see
Rochat & Morgan, 1995a for details). In the Object condition, the micro-
phone was placed inside the object, producing the rustling/scratching
sound only when touched or kicked by the infant. The object consisted
of a white disk with black polka dots centrally supported by a metal spring.
The microphone was placed inside the spring and only the polka dot disk
(6 cm in diameter) was visible from above on the screen. In order to
contact and kick the object, the infant had to perform a full lateral exten-
sion of the ipsilateral leg.

In the No Object or Object conditions, infants were wﬂnmm:ﬁm& succes-
sively for 2 minutes with two different views of their own legs: an Ego view
or a Reversed Ego view. Each view was provided by different cameras placed
above and slightly behind the infant. The Ego view corresponded to the
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view infants would have looking down directly at their own legs. The Re-
<mnmma. Ego view reversed the legs from left to right and was obtained by
a special camera with a reversed tube. In the latter situation, when infants
moved their right leg to the right, they felt it (proprioceptively) moving
to the right but saw it on the left side of the TV screen moving to the left
In other words, the Reversed Ego view provided a conflict between mmm:.
and felt movement &ﬂnn:osm:@, of the legs.

M: analyzing both looking time at the display and overall kicking activity
2_:._n looking at the display, we obtained the following results. In the No
O.Ennﬁ conditions, infants spend significantly more time looking at the
Q_mﬁ_m.v\ and kicking with their legs when they are presented with a Reversed
an view compared to an Ego view. Interestingly, the reverse was true in the
Object Condition: Infants tended to look significantly longer at the display
and kicked more while presented with the Ego view compared to the
Reversed Ego view. Overall, what these results mean is that infants attended
to the display differently in the presence or absence of the object. In the
absence of the object, infants are more engaged both proprioceptively and
visually in the context of a conflictual presentation of their own legs on the
screen (Reversed Ego view). This latter view that alters the familiar visual-
waomulogm:?m calibration of the legs appeared to be more interesting to the
infant and associated with enhanced exploration compared to the congru-

-ent and familiar Ego view. In contrast, infants appear to look more and kick

more at the familiar Ego view when orienting their leg activity toward an

og.mnﬁ in space. When there is an address in space where they aim their leg

m.n:&&: they prefer to look at the view that corresponds to the familiar

) Smmm_lﬁnomulogwaé calibration of their legs and that will help them to

guide them successfully toward the object to obtain the sound. When merely

- contemplating their own legs on the screen with no object, infants prefer to

explore the incongruent view of their legs that provides a novel conflict

between visual and proprioceptive information.

These observations indicate that infants’ attention did depend on the
context they were in and the action they planned. They show detection
of what the particular experimental condition (Object or No Object) af-
..moam mo.ﬂ action and detected the effectivities of their own leg movements
n relation to the goal of producing an interesting sound. In addition,
-infants demonstrated that they are resourceful in relation to what they
_plan to do and the context of the task they are engaged in. Again, they
._mOn:mn& more on what is perceptually familiar (Ego view) in the context
H.Om a spatially oriented action that is required by the task. In contrast, they
: mOncm.mQ more on what is perceptually unfamiliar and novel when the task
required only contemplation of the legs.

In parallel to perceiving, acting, and detecting the affordances provided
g the experimental situation, these results also suggest that infants rec-
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ognize different goals attached to the task: spatially oriented action in one
condition and self-exploration in the other. In addition to perception,
action, and the detection of affordances, infants also express an engage-
ment in relation to two radically different goals: kicking the object or
exploring novel visual-proprioceptive feedback of the legs. Infants appear
to function interchangeably in relation to these two goals that correspond
to doing (perceiving-acting, i.e., kicking) and probing (recognizing and
representing, i.e., exploring novel, unfamiliar calibration of the legs in
relation to familiar one).

The research example just provided pertains to observations of infant
perceptions of their own action and their own effectivities on objects. I would
like to provide further evidence of representation by 4$month-old infants
who are not engaged in self-produced movements and in the perception/an-
ticipation of their consequences, but rather who are placed in a situation
where they observe and predict the outcome of events that occur inde-
pendently of their own action. These kinds of situations remove the infants
further from a doing mode and force them to adopt a more contemplative
view on objects and events around them, probing them on the basis of
representation rather than direct perception and concrete actions.

1 will not rehash here the pioneer work of Spelke, Baillargeon and their
collaborators showing that around 4 months, infants start to display specific
anticipation regarding the outcome of partly occluded events (e.g., Bail-
largeon, 1995; Spelke, Breinlinger, Macomber, & Jacobson, 1992). The
cleaver studies that these researchers have accumulated over the past 15
years demonstrate that early on, infants develop precise expectations re-
garding the behavior of objects that surround them. These expectations
are interpreted as the expression of a core physical knowledge, or aborigi-
nal collection of formal (represented) principles such as spatial continuity,
objects’ boundedness, and the principle of no action at a distance under-
lying physical causality (e.g., Spelke et al., 1992; but also Leslie, 1984).

1 present some recent data in support of the view that as infants develop
marked ability to do things with objects (e.g., reaching and manipulating),
they also start to demonstrate unambiguous abilities to probe events beyond
direct perception and the detection of affordances. These data demonstrate
that by 4 months, infants are clearly capable of representing things they
cannot perceive directly and can only infer from previous perception. In
particular, the research provides evidence that by this age, infants can
track mentally and hence represent invisible spatial transformations.

In a series of studies performed in collaboration with Hespos (Hespos
& Rochat, 1997; Rochat & Hespos, 1996) we placed groups of 4- and
6-month-olds in front of a puppet stage on which a colorful Y-shaped object
disappeared behind an occluder. As shown in Fig. 1.3, the object either ’
fell vertically from the top of the stage behind the occluder (Translation
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(Hespos & Rochat, 1997; Rochat & Hespos, 1996).
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condition) or rotated behind the occluder disappearing at 4 o'clock (Ro-
tation condition). Following six familiarization trials in each condition, the
infant’s visual attention was measured in two pairs of test trials in which
following the object’s disappearance, the occluder was lowered, revealing
the object resting at the center of the stage in either a probable orientation
outcome or improbable orientation outcome. The probable orientation
outcome corresponced to how the object should have looked following
its partly occluded trajectory. In contrast, the improbable orientation out-
come corresponded to a 180° inversion of the object. In the improbable
test trials, an Experimenter surreptitiously inverted the object from behind
the stage prior to lowering the occluder. The rationale of such a procedure
(i.e., violation of expectation paradigm) is that if infants formed accurate
nwiogmoa_m#wmma%bm how the object should look behind the occluder,
they should show enhanced visual attention to the outcomne of the trans-
formation that violated their expectation compared the one that is con-
gruent with it. In other words, infants should look longer at the improbable
compared to the probable test outcomne. The rationale of this procedure
has been validated by multiple infancy research in many different labora-
tories.

In three different experiments, each time with different infants,
with slight variations on the display that controlled for any potential re-
sidual perceptual cues specifying the movement of the object behind the
occluder, we found that from 4 months of age, infants looked systematically
longer at the improbable compared to the probable test outcome. These
results are remarkably nov:mﬁ and point to sophisticated representational
abilities by young infants. :

If we admit that these results are the expression of specific expectations
that call for more than direct perception, on what bases are these expec-
tations formed and what do they tell us about the infant’s ability to probe
the environment? Based on our research, we conclude that at least by 4
months, infants are capable of generating dynamic mental imagery. This
dynamic imagery or representation capability prolongs the information
given by perception and allows infants to predict both visible and invisible
spatial transformations. Infants demonstrate an implicit understanding that
objects continue to exist when out of sight and behave in a spatially con-
tinuous way when moving behind an occluder. In our research, the infant
saw the object disappear behind the occluder and managed to map onto
invisible (represented) displacements the final orientation outcome of the
object once it reappeared. As the object was still visible, they detected the

object’s characteristics, its starting orientation, motion, trajectory, and pro-
gressive occlusion. Once behind the occluder and in order to anticipate
the final orientation outcome of the transformation, infants resorted to
their imagination, in particular to some representational ability that en-

and
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abled them to track mentally the object’s spatial transformations as it
39&.& behind the occluder. It is based on this mental tracking that infants
discriminated between the probable and improbable orientation outcome
Note that infants did take into consideration the motion and trajecto :
of the object and their longer looking at the improbable outcome was DMH
merely based on the static matching of the starting and ending orientation
.0m the object. A control group of infants familiarized with the object resting
in the starting orientation looked equally at the object in either the prob-
able or improbable orientation at the bottom of the stage in subsequent
test trials. Furthermore, in the experimental situation, the novel (iinprob-
w_uwmv orientation outcome did match the starting orientation in the trans-
_M:.Sb Q.usnsmos only. In the rotation condition, the improbable (novel)
o.na:ﬁm:o: was actually the same compared to the starting orientation (see
Fig. 1.3). In other words, the Translation and Rotation conditions that
mmnv infant passed successively controlled for the eventuality of a mere
static matching process (Rochat & Imm@om. 1996).
.Oo:mﬁmlzm that infants did not merely memorize and compare the static
orientation of the object at the top and bottom of the stage, and because no
". perceptual cues were available to track the object as it moved behind the
- occluder, the anticipation of its final orientation could only be based on
GQEE tracking. Again, infants showed unambiguous representational abili-
" ties, N.SQ in the rotation condition demonstrated some rudiments of mental
. rotation that extended the information given by perception.

. CONCLUSION: wmﬁngd.ozv ACTION,
AND REPRESENTATION DEVELOP
- IN CONCERT FROM BIRTH

iwﬁ I tried to achieve in this chapter is to discuss and provide some
H nsﬁ.umdnm that from birth, infants demonstrate goal orientation and antici-
+ pation that implies some rudiments of representation in addition to finely
uned perception-action coupling and the direct perception of what ob-
Jects afford for action. I argued that doing and probing in the environment
-are dual but complementary processes that are expressed from the outset
.o.,m development. As suggested by Gibson (1979), the former might essen-
,, EEV.\ be based on direct perception and the detection of veridical infor-
maton specifying the environment. The latter implies schematizing,
,BnBoQ. and imagination, and is a ?D%:dm:ﬁm:v\ reconstructive process
Hﬁrmﬁ.oombmﬁm<m psychologists have traditionally attempted to account for.
The challenge is to reconcile these two processes, not to consider them
3.,.55.5_:% exclusive: and theoretically incompatible as Gibsonian or in-
Qrmaton processing people too often argue. Neisser’s major effort of the
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past 20 years has been to face this challenge, and the observation of young
infants validated this effort.

The relation between direct perception and representation, how they
differ, interact, and eventually contribute to the acquisition of knowledge
is not only an adult cognition problem. It is also a fundamental issue of
cognition in infancy.

From birth, infants are both sophisticated perceiver—actors and future-
oriented probers of their environment. They suck effectively and are quick
to detect the suckability of objects they contact orally (e.g., Rochat, 1983,
1987). On the other hand, they act in relation to goals, anticipating oral
contacts that bring to completion coordinated actions (e.g., Blass et al.,
1989; Butterworth & Hopkins, 1988; Rochat et al., 1988). If there is direct
perception in the neonates, it does not account for the control of all
behavior at birth. Newborns already show signs of prospection and antici-
pation, their behavior organized toward goals that apparently bypass the
immediacy of direct perception and its tight coupling to action.

By the second month, the codevelopment of perception, action,
representation becomes increasingly evident as infants start to manifest
interests beyond their own bodily sphere and in particular toward objects
and people. When they engage in socially elicited smiling, for example,
they do not appear to do so merely in a direct (immediate) fashion but
rather in reference to a meaningful reading of the person’s emotional

expression and what should happen next in their social exchanges. Similar
expectations are expressed by 2-month-olds in the context of learning
novel perceptual consequences of their own actions on physical objects.

If the research examples I used to describe the behavior of infants 2
months and younger might still leave some room for an interpretation in
terms of direct perception and affordance detection, the examples of be-
havior by 3- to 4-month-olds are unambiguously linked to the infants’
ability to prolong perception via the power of their imagination.

In conclusion, direct perception and representation are facts of the
mental life of babies, as they are part of our adult life. The apparent
co-existence and codevelopment of these two processes from birth under-
scores the importance of understanding how they relate and complement
each other. This understanding is at the core of Neisser’s project and the
observation of young infants demonstrates how essential this project is.

and
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Obstacles to Understanding:
An Ecological Approach
to Infant Problem Solving
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THE PROBLEM OF MOBILITY

This chapter focuses on a very basic and practical kind of problem solv-
ing—safely navigating the ground ahead. The problem of mobility is mani-
‘. fold. From their first crawling or walking steps, infants must find their way
- amidst myriad threats to balance control. The ground is covered with a
&, variety Omm:ﬂ?nnmlm:vvmi linoleum, deformable playpen mattresses, slop-
' ing driveways, and household stairs. Paths are cluttered with furniture,
~toys, and other obstacles. Interesting places to visit lurk around the
. corner or behind a door. All the while, infants’ own bodies and skills are
~ continually changing. Infants’ top-heavy proportions gradually slim down,
- and the ratio of muscle mass to fat increases. Infants’ proficiency at loco-
- motion changes from week to week as babies master belly crawling, progress
to hands and knees, cruise sideways along furniture, and finally walk up-
© right.
- Solving the problem of mobility in a real world environment is a con-
tinual decision process. Figuring out where to go and how to get there
requires coordination of skills across a number of psychological domains
and time scales: coping with the sheer biomechanics of moving the limbs
*in a gravitational field, contending with different ground surfaces and their
effects on balance control, gathering perceptual information about the
ground ahead and about infants’ own propensities, searching out alterna-
tive means to traverse a surface or reach a location, and so on.
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