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SPECIFICITY OF LEARNING:
Why Infants Fall Over a Veritable Cliff
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Abstract—Nine-month-old infants were tested at the precipice of g
and risky gaps in the surface of support. Their reaching and av
ance responses were compared in two postures, an experienced §
posture and a less familiar crawling posture. The babies avoi
reaching over risky gaps in the sitting posture but fell into risky g2
while attempting to reach in the crawling posture. This dissociat
between developmental changes in posture suggests that (a)
postural milestone represents a different, modularly organized (¢
trol system and (b) infants’ adaptive avoidance responses are b
on information about their postural stability relative to the gap si
Moreover, the results belie previous accounts suggesting that a
ance of a disparity in depth of the ground surface depends on ger|
knowledge such as fear of heights, associations between depth
mation and falling, or knowledge that the body cannot be suppo
in empty space.

Falling over a cliff can have dire consequences for an anim
survival. Since Lashley and Russell's (1934) first demonstrations
dark-reared rats match the force of their jumps to the size of a d
off, the role of experience in promoting adaptive motor response
depth information has been of central concern to developmentg
(Walk, Gibson, & Tighe, 1957). Precocial species such as chicks
goats do not require experience to avoid going over the edge ¢
impossibly large precipice (Gibson & Walk, 1960; Walk, 1966; W2
& Gibson, 1961). In contrast, human infants and other altricial spe|

af@992) proposal that experience induces fear of heights and feat
vidiates avoidance responses. Although there is no association be
itixgeriences of falling and cliff avoidance (Scarr & Salapatek, 19

Ascrapes and tumbles and from negative near-falling experience
oinfants peer over the edge of sheer drop-offs or vigilant parents
ef@lin at the edge of the bed or changing table (Bertenthal, Camp
ORermoian, 1994; Thelen & Smith, 1994). According to this accoy
as@8wling experience facilitates avoidance responses through rep
’Gassociations between depth information and the perceptual ¢
Oéﬁ.rences of disequilibrium and near-falling. Alternatively, fear
&hdights may arise from a discrepancy in infants’ typical crawl
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“@(perience on solid ground and the novel perceptual input at the Irink

tef a precipice. Experience locomoting with their faces near the fl
may lead infants to expect particular correlations between visual
vestibular input. At the edge of a cliff, visual coding of angular &
celeration is quite different because the visible texture elements
afsrther away from infants’ faces. Thus, a discrepancy in expe
thadrrelations between visual and vestibular input might promote

sdther researchers have proposed that experience leads to an ap
ligts of the properties of the ground surface for supporting the b
afedg., Bertenthal & Campos, 1990; Gibson & Schmuckler, 1989)
f @articular, experience crawling over solid ground might teach infa
alkhat locomotion is impossible without a surface that they can see
citsel beneath their bodies.

require a protracted period of locomotor experience (Campos, Be
thal, & Kermoian, 1992; Held & Hein, 1963; Richards & Rad

ten-Recent findings suggest that none of these accounts is suffi
rfor explaining how experience facilitates adaptive responses to d
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1983). In the classic experimental paradigm, babies are tested |oimfarmation for a drop-off. If infants learn to avoid a discrepancy
“visual cliff” to ensure their safety. The apparatus looks like a sheeepth of the ground surface because they are afraid of heights,
drop-off because the visible ground surface lies far below a sheetodite heights with the perceptual consequences of falling, or know
safety glass. Several studies have shown that the duration of infank® body cannot be supported in empty space, then they should
crawling experience predicts avoidance of the visual cliff, indepgesimilar avoidance responses regardless of the posture in which
dently of the age at which infants begin crawling or their age aire tested. To the contrary, my colleagues and | found that learni

testing. For example, at 7.5 to 8.5 months of age, only 35% of i
perienced crawlers (11 days of experience) avoided the visual
but 65% of more experienced crawlers (41 days of experience) s
fastly refused to go across (Bertenthal, Campos, & Barrett, 198
Despite strong evidence linking adaptive responses with loco
experience, the question remains as to what infants may lear
crawling that facilitates the coordination between perception and
tion. Clearly, avoiding a cliff does not depend solely on depth g
ception. Months before they begin crawling, infants display sensiti
to depth information (e.g., Campos, Langer, & Krowitz, 1970; Sl3
& Morison, 1985; Yonas & Hartman, 1993). Several other accoy
have been proposed. Most widely cited is Campos and colleag
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expecific to each postural milestone in development.
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ac- Typically, motor development in infancy is marked by a series
epostural milestones—sitting, crawling, cruising sideways along
ityiture, and walking. To keep balance in these postures, infants
temaintain their bodies within a region of permissible postural s
n¢Riccio, 1993; Riccio & Stoffregen, 1988). Babies will fall over
udeir bodies move outside this region because they lack suffig
muscle strength to pull themselves back into position. Variation
surface properties threaten balance control because the region o
hemtissible sway narrows and infants’ bodies move more rapidly tow
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relative to surface properties (size of a precipice, degree of slant, eteyploration yielded concordant information for depth. Errors in ju
The sway model proposes that the coordination between pefcagent resulted in falling into the precipice, requiring rescue by

tion and action is organized within postural systems, so that expegikperimenter.

ence with an earlier-developing skill does not transfer automatically to The experimental design capitalized on the fact that most inf

a later-developing skill (Adolph & Eppler, 1998, in press). Experie
promotes learning about balance control, and infants learn to d
threats to balance and discover compensatory strategies for reco
balance when it is disrupted. Learning may be posture-specific
cause each postural milestone represents a different perception-

system with different relevant control variables. Sitting, crawling, anobdy cannot be supported in empty space, infants should res
isimilarly in these two postural conditions. However, if the coordina-

walking postures, for example, involve different regions of pern
sible sway for different key pivots around which the body rotates (g
the hips for sitting, the wrists for crawling, and the ankles for wa
ing). In addition, each postural milestone involves different mug
groups for executing movements and for generating compens
sway; different vantage points for viewing the ground; different g
terns of optic flow as the body sways back and forth; different g
relations between visual, kinesthetic, and vestibular information;
so on. Thus, extensive experience with each postural milestor]
development may be required to define the relevant control varia
for the new perception-action system and to facilitate their on-
calibration.

SPECIFICITY OF LEARNING

The disparity in depth at the brink of a steep slope, as on a ¢
presents a challenge for balance control and locomotion. In ag
dance with the sway model, in a longitudinal study, | found t
learning to avoid descent of impossibly steep slopes does not tra
across developmental changes from crawling to walking post
(Adolph, 1997). In their first weeks of crawling, infants observed
an adjustable sloping walkway (0°-36°) plunged headfirst down
possibly steep slopes. Over weeks of crawling, however, the infg

Hg-
the

ants

agisplay a period of overlap between sitting and crawling milestones.

et€gpically, they have many weeks of experience keeping balanc
etfirggsitting posture at the same time that they are novices at mair
beg balance in the crawling posture. If experience leads to either
aabibheights, negative associations with falling, or knowledge that

.gion between perception and action is organized so that the utiliza
Ikef depth information is specific to each postural control system, fi
clefants who are experienced at sitting but novices at craw
atehpuld show more adaptive responses in their more experience
ating posture.
or-
and
SI in EXPERIMENT 1: SITTING AND CRAWLING

es
ine

Method

Nineteen 9-month-old infants (11 boys, 8 girls) were tested in
experienced sitting postur®i(= 104 days of sitting experience) ar
a less familiar crawling posturd( = 45 days of crawling experi-

lifnce). Two additional infants did not complete testing becaus
chussiness or fatigue. Parents reported infants’ prior experiences
haitting, crawling, and falling.

nsfeiThe gaps apparatus was composed of a large, stationary stz
ungisitform and a movable landing platform. The landing platform co
ohe moved back and forth to adjust the gap between the platform
inem deep). As shown in Figure 1a, in the sitting condition, infants
ingsicouraged to lean forward and extend their arm out over the gap

judgments became increasingly accurate. By their last weeks of ¢
ing, they consistently crawled down safe slopes and slid dow

avoided risky ones. Surprisingly, in their first weeks of walking, théo create gaps of 0 to 90 cm between the toy and the edge o
same babies attempted to walk down the same impossibly risky slop&sting platform. Gap distance was varied by moving the stick ra

that they had so recently avoided in the crawling posture. In fact,

walkers showed no transfer from their old, familiar crawling posturand to keep infants from propping their feet or free hand on the
to their new, upright walking posture on consecutive trials at the samsiele of the gap to aid in balance control.

risky slope. Over weeks of walking experience, errors decrease
learning was no faster the second time around.

The present experiments show that specificity of learning is
limited to locomotion down slopes or to developmental changes f

crawling to walking postures. The experiments provided a strongée landing platform back and forth to create gaps of 0 to 90

test of the specificity of learning predicted by the sway model
testing infants in two postures, sitting and crawling, within the sg
test session. In both postures, babies were perched at the brink
adjustable gap. They were encouraged to span the gap by le
forward while extending an arm. At the smallest gap distances,
ance was trivial. At intermediate distances, the infants had to g2
the necessary forces required to span the gap. This test is simi
Lashley and Russell's (1934) classic jumping-stand task in which
launched themselves over an adjustable gap. At the largest distg
gap size exceeded the infants’ limit of permissible sway. As on
visual cliff, avoidance was the appropriate response to imposs
large gaps. However, in contrast to the visual cliff, the gap appa
was a veritable cliff with no protective safety glass. Visual and ha
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atolys were attached to the end of a stick to provide infants with
ioicentive to span the gap. An assistant moved the stick back and

e in
tain-
fear
the
pond

tion
hen
ing
d sit-

an
d

e of
with

arting
uld

5 (76
ere
Flat
an
forth
the
ther

¢han the landing platform to prevent pinching infants’ legs in the gap

butin the crawling condition (see Fig. 1b), infants were encourage
lean forward and extend their arm toward the landing platform as
notawled over the gap. Toys were placed on the landing platforn
ropnovide infants with an incentive to span the gap. An assistant mq

byetween the edges of the two platforms.
me In both conditions, parents stood at the far side of the lang
opkatform and coaxed their infants to retrieve the toys. An experime
ar(sttown in Fig. 1) followed closely alongside infants to ensure tk
bakfety but did not provide physical support unless they fell into
augEED. Previous research with infants on slopes shows that infants t
astich tasks independently and do not rely on the experimenter to
rakem (e.g., Adolph, 1997). Trials lasted 30 s.

ncesBecause infants of the same age have widely varying body din
tisgons and motor skill, a psychophysical staircase procedure (Adg
id995, 1997) was used to estimate the boundary between gap
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Fig. 1. The adjustable gap apparatus in various experimental cg
tions: (a) sitting condition with movable stick (Experiment 1),
crawling condition (Experiments 1 and 2), and (c) sitting condit
with movable landing platform (Experiment 2).

a threshold using a minimal number of trials. Trials were coded
either successful attempts (contacting the toy safely), failed atte
(falling into the gap), or avoidance (no attempt to span the gap).

responses were treated as equivalent, unsuccessful outcomes.
successful trials, the experimenter increased gap size by 6 cm.
unsuccessful trials, the experimenter repeated the same gap si
reliability; then, to maintain infants’ motivation, she presented an ¢
baseline gap (4 cm for crawling and 10 cm for sitting); next, gap §
was decreased by 4 cm relative to the last unsuccessful trial.
process of presenting larger and smaller gaps continued until con
ing on a gap boundary to a 67% criterion (largest gap infant mang
successfully on at least 2/3 of trials). The “plus 6 cm, minus 4 ¢
rule ensured that gap boundaries were determined in 2-cm incren

After the gap boundary was identified, additional trials were p
sented, beginning with safe gaps (6 cm smaller than boundary)
proceeding to increasingly risky gaps (6 cm, 12 cm, and 18 cm |a|
than boundary), with 2 trials at each gap distance. Infants alsg
ceived 2 trials at the largest, 90-cm, gap to assess their responsesg
absolute gap size was the same dimension as the standard visua
In total, infants received 17 to 42 trials in the sitting condition and
to 38 trials in the crawling condition. Nine infants were tested first
the sitting condition and then in the crawling condition, and 10 w
tested with the conditions in the reverse order.

Data from the staircase trials and the additional trials were
scored from videotapes in terms of success, failure, and avoidg

the purpose of the staircase procedure, failed attempts and avoidasfcBeights, negative associations with falling, or knowledge ab

whether infants tested their region of permissible sway at the edd
gaps by leaning forward while extending an arm without touching
far side of the gap, then leaning backward while retracting the 3
interrater reliability showed 95% agreement.

If infants perceived the depth information accurately in relation
their region of permissible sway, then they would attempt safe g
for which the probability of falling was low, and avoid risky gaps, f|
which the probability of falling was high. Perfect perceptual jug
ments would be indicated by a match between the probability
avoiding and the probability of falling. Alternatively, if infants did n
accurately relate the perceptual information to possibilities for act]
then they would fall into impossibly large gaps. If infants learned fr
falling on one trial, then they would avoid the same gap on the 1
trial. Most important, if learning about balance control does not trg
fer across developmental changes in postures, then infants
avoid risky gaps in their more experienced sitting posture, but fall
risky gaps in their less familiar crawling posture.

Results and Discussion

Gap boundaries were larger for all infants in the sitting condit|

(M = 26.6 cm) compared with the crawling conditiokl (= 10.1
cm). However, individual infants differed widely in their gap boun
aries (range: 20-32 cm for sitting and 2—18 cm for crawling). Thu
safe gap for sitting could be risky for crawling, and a safe gap f¢
more skilled infant could be risky for a less skilled one. The exp
mental design roughly equated relative amount of risk to allow ¢
naarisons between sitting and crawling postures and between in
byvith different gap boundaries. In the sitting condition, the probabi
onf falling increased from .04 at the gap boundary to .93 at distance
cm larger than the boundary. In the crawling condition, the probab
of falling increased from .14 at the gap boundary to .94 at gaps 12
tmger.
mptsThe experiment yielded two surprising results that are consis
Rwith the sway model but are not predicted by accounts based on

Ajiteund surfaces. First, avoidance of risky gaps did not gener
Aftleross changes in posture. Second, there was no evidence of w
reséaision learning as a result of falling.
asy With regard to generalization across postures, at every risky
izhstance, the rate of adaptive avoidance responses was higher
Thigperienced sitting posture than in the less familiar crawling pos
gpe Fig. 2a). All infants closely matched avoidance responses t
agedbability of falling in the sitting posture, but grossly overestima
ntheir ability to span gaps in the crawling postufe2 (postural con-
editson) x 4 (risky gap distance) repeated measures analysis of vari
reevealed main effects for postural conditidf(1, 11) = 15.76,p <
afd2, and gap distancg(3, 33) = 15.51,p < .000. Paired compari
rggns revealed significant differences between sitting and craw
oonditions at each risky gap distance @l< .04). In fact, 6 infants
vehenved finely tuned avoidance responses in the sitting posture b
| ciéfpacity to gauge their ability in the crawling posture. They attem
24ll gap distances in the crawling posture, including the 90-cm
imwhich was tantamount to crawling into thin air. The remaining
eiafants scaled their responses to their gap boundaries in both pos|
but much more accurately in the sitting condition. For this gro
ravoidance responses were significantly higher in the sitting cond
kN the crawling condition at the boundary and at the +6-cm
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Fig. 2. Proportion of trials with avoidance responses (a) and exp
atory arm extensions (b) in Experiment 1. The data are plotted
cording to relative degree of risk. The 0 point on #axis representg
each infant’'s gap boundary in each condition. Negative number
the x-axis denote safe gaps (gaps smaller than the boundary),
positive numbers denote risky gaps (gaps larger than the bound
Data are also included for the largest, 90-cm, gap. Asterisks de
significant differences between the sitting and crawling condition

Because the data in Figure 2a are based on relative amount of
this analysis raises the possibility that the dissociation between
tures was merely a consequence of the fact that infants’ gap bag

The second surprising result was that infants showed no evidence
of learning from falling. Most infants fussed slightly when they fell,
suggesting that falling downward into the gap was aversive. Infants
rarely fell in the sitting postureM = 19% of trials with risky gaps),
giving them few opportunities to learn from falling. In the crawling
posture, infants fell oftenM = 61% of trials with risky gaps), bu
they showed no evidence of learning from these experiences. Each
time that infants fell in their first attempt at a particular gap distarce,
the same gap size was repeated on the next trial. If the infantg had
associated depth information with the negative consequences of| fall-
ing, they would have avoided the gap on the repeated trial. They did
not. On 88% of such immediately repeated trials, infants attempted to
span the same risky gap distance. Furthermore, there were no effects
of condition order to suggest learning from falling on earlier trigls.
Nor was infants’ aversion to falling related to experiencing minor falls
at home, and none of the infants had experienced a serious fall incur-

aries for sitting were larger than those for crawling. Hence, if inf
simply attempted to reach over the same small gaps and avoide
same large gaps in the two postures, this would lead to a spu
dissociation. However, examining the rate of avoidance respons
each absolute gap size shows that this was not the case. Every

showed different levels of avoidance responses to the same gap i

the sitting and crawling postures. The 6 reckless crawlers obvio|
showed different responses to the same absolute gap size depe¢
on postural condition because they never avoided the gap while ¢
ing. The remaining 13 infants also showed different levels of av
ance responses to the same gap sizes in sitting and crawling pog
Unlike the reckless crawlers, they were more likely to avoid g

between 14 cm and 32 cm in the crawling posture than in the sitti

posture. But, as Figure 3 shows, this avoidance rate still grossly g
estimated their ability to span the gap in the crawling posture; thg
the probability of avoiding was significantly lower than the probal
ity of falling, even when the probability of falling was 1.0. In contra
the infants’ avoidance rate in the sitting posture closely matched

probability of falling (curves are superimposed).

VOL. 11, NO. 4, JULY 2000

ring injury at home.
In addition, the infants did not simply learn to rely on the experi-
menter. Because the experimenter provided physical support [only
after they began to fall, they experienced the perceptual consequéences
of self-induced disequilibrium in both postures as they swayed to|and
fro at the brink of the gap. They appeared to test the limits of tmeir
region of permissible sway by leaning forward as they extended an
arm without contacting the far side of the gap, then leaning backward
as they retracted it. Exploratory arm extensions increased on fisky
gaps,F(2, 30) = 3.55,p < .04, and were equally frequent in the two
postures (see Fig. 2b). Furthermore, if the infants had merely relied on
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tﬁg. 3. Avoidance responses in the 13 infants who showed some
'I'sensitivity to gap size in the crawling condition, Experiment 1. The

Sldata are plotted according to absolute gap size in both conditions.
tBelid curves show the probability of avoiding the gap, and dashed
curves show the probability of falling.
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the experimenter to catch them or considered falling to be a kin
game, then they should have responded indiscriminately to all
sizes in both postural conditions. However, many infants avoided
largest gaps in the crawling posture (which appeared latest in the

session), there were no effects of condition order, and all childre

avoided risky gaps in the sitting condition.

EXPERIMENT 2: REPLICATION

A new, mechanized gaps apparatus was constructed to rule o
possibility that the infants in Experiment 1 avoided risky gaps in
sitting posture simply because the landing platform was always 9
away. For both postures, gap distance was varied by moving
landing platform along a calibrated track (0-90 cm). In the sitt
condition, a toy was presented on the end of a stick, with the
always perpendicular to the edge of the landing platform (see Fig.
Baseline gap size was increased to 20 cm in the sitting conditio
prevent pinching infants’ legs inside the apparatus. The experimg

repeated trials on which infants propped their legs or free hand o

far side of the gap to aid in balance control. In the crawling condition

the toy was placed on the landing platform as before. Seve
infants (6 girls, 11 boys) were tested in an experienced sitting po
(M = 104 days) and a less familiar crawling posture €M55 days).

Four additional babies did not complete testing because of fussingss,or

fatigue.

With the new gaps apparatus, Experiment 2 replicated all results
from Experiment 1. All infants could safely span larger gaps when

sitting M = 27.29 cm) than when crawling/( = 13.33 cm). Most

important, in their experienced sitting posture, all infants clo eF

matched avoidance responses to the probability of falling, but in
less familiar crawling posture, they attempted impossibly risky g
and fell (see Fig. 4). A 2 (postural condition) x 4 (risky gap distan
repeated measures analysis of variance revealed main effects fo
tural condition,F(1, 8) = 7.22,p < .028, and gap distancE(3, 24)

= 9.14,p < .000. Paired comparisons showed significant differences,

between postures at each risky gap distance galk .05). Eight

infants fell into the 90-cm gap in the crawling condition but not in th
sitting condition, showing striking specificity of knowledge abqu

balance control.

GENERAL DISCUSSION

The present experiments involving infants reaching over gaps
the earlier longitudinal investigation of infants descending slope
dicate that experience with an earlier-developing skill does not tr
fer automatically to a later-developing one. Together, these st
point to surprising specificity of learning across three major post
milestones in development—sitting, crawling, and walking. Ap
ently, the coordination between perception and action that is req
to use depth information to plan actions adaptively is specific to
particular postural control system being engaged in the task.
dissociation between postures belies previous accounts suggg
that adaptive responses to disparity in depth of the ground su
depend on a general sort of knowledge such as fear of height
associations between depth information and falling, or on knowlg
that the body cannot be supported in empty space.

However, a more subtle type of transfer does occur. Appare

H [of .
dap Avoidance
thew 14 . ot
N Sit L.l
b= 0751 - B L
[= 0'. * L
.2 0.5+ :Er B
5 g
2 0.25- L
2 Crawl
tithe 0+ T T T T T T T 3
the 12 6 0 +6 +12 +18 90
cm
he cm from Gap Boundary
ng
t®Yg. 4. Proportion of trials with avoidance responses in Experiment 2.
1€he data are plotted according to relative degree of risk (see Fig. 2).
nData are also included for the largest, 90-cm, gap. Asterisks denote
srsignificant differences between sitting and crawling conditions.
@éﬁance on safe, solid ground to the potentially risky situations in|the
novel gaps and slopes tasks. In the gaps studies, neither prior g¢xpe-

en . ) ) ; :

lSleences of falling or near-falling from heights nor experiences incurred

Juring the test session were related to adaptive avoidance responses to
ng

risky gaps. Similarly, in the longitudinal study of infants descend
s or

ky
ina
ing
labo-
b the

it

Slopes, learning did not depend on experience falling from height
falling down slopes during testing. Moreover, learning to avoid ris
s@opes did not depend on experience coping with slopes. Infants
control group, matched for age and duration of crawling and walk
xperience, behaved similarly to the babies tested repeatedly on
tory slopes, and no infants had experience on slopes outsid
pasboratory.

o Within postures, however, infants showed generalization of le
ni% across changes in their own bodies and skills. In the slopes s
RRas possible to track changes in infants’ body dimensions, Ig
motor skills, and locomotor experiences on a weekly basis an

arn-
udy,
co-
d to
eek,
cted
one
safe

relate these factors to changes in the laboratory task. Each v
infants’ bodies and skills changed considerably, in ways that affe
e biomechanics of keeping balance. Thus, a slope that was risk
week could be safe the next, and a slope that was previously
could become risky. Despite these changes, within postures, infants’
responses continually improved. It was uneventful, everyday experi-
ence coping with each posture in development that predicted the adap-
tiveness of the infants’ responses.
andTogether, the findings from both studies indicate that infants’
ilrarning is not confined to acquisition of particular facts about fthe
revironment (e.g., a particular gap size is too large or a particular
disgree of slope is too steep), particular facts about themselves (being
ralhighly skilled sitter or a poorly skilled crawler, having top-heavy
abody dimensions or more maturely proportioned ones), or any typge of
ifieced association between particular environmental properties |and
tmarticular motor responses. In fact, such inflexibility in learning
Thisuld be maladaptive because infants’ bodies and skills change from
esiiegk to week and the everyday terrain is variable. Instead, the results
fare consistent with the sway model: Infants must learn, postur
5, pwsture in the course of development, how to discover on-line
dgEgion of permissible sway and to use this information for prospedtive
control of action. According to this account, learning in the course of
ntyevelopment may be both far more specific and far more flexible than

learning transfers from uneventful, everyday experience coping
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