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The Object Concept Reuisited:
New Directions in the Inuestigation
of Infants' Pltysical Knowledge

Renie Baillargeon
Uniuersity of Ilhnois

An important concern of cognitive psychology in recent years has been the
description of children's and adults' physical knowledge. This research has fo-
cused on three important questions. First, investigators have sought to describe
the contcttt of children's and adults' knowledge. Physical domarns that have been
examined include astronomy (Vosniadou & Brewer, 1989), biology (Carey,
1985), and physics (Clement, 1982; D. Gentner & D. R. Gentner, lg83;
Karmiloff-Smith & lnhelder, 1975; McCloskey, 1983; Siegler, lg78). Second,
researchers have attempted to elucidate the struclure of children's and adults'
physrcal knowledge. Different models have been proposed, ranging from lists
of local rules to naive models or "theories" organized around causal pnnciples
(Carey, 1985; Gelman, 1990; D. Gentner & Stevens, 1983; Keil, 1990; Sieg-
ler, 1978, 1983; Vosniadou & Brewer, 1989; Wellman, in press). Finally, in-
vestrgators have been concerned with the deuektprnenl of children's and adults'
physical knowledge. Of particular interest has been the comparison of novices'
and experts' representations of physical domains (Chi, Feltovitch, & Glaser.
l98l;  Larkin, 1983; Wiser & Carey, 1983).

In the realm of infancy research, investigators have also sought to charac-
terize infants' physica.l world. Most of this research has fmused on issues of
content, and more specifically, on infants' understanding 0f trclusion events.
When adults see an object occlude another ob.lect, they typically make three
assumptions. The f irst is that the occluded object continues to exist behind the
crccluding object. 

' l -he 
second is that the rrcluded object retalns the spatial and

physical propertres it lxrssessed pnor to rrclusion. The thrd is that the mcluded
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object is still subject to physical laws; its displacements, transformations, andinteractions with other objects ao not Uecomemain regurar rno p."ai.trur". c"u".ii*r;; ;::t:r."rHrnilt:it#.,::ffi
referred to in the deveropmental titerature'as a concept of object fufmanenceor, more broadly, as an object concept.

Piaget (1954) was the. first to investigate whether mfants share adurts. as-sumptions about occluded objects_or, in-ottrer words, whethe. ;;n;r;;."r,a notion of object perrnanence. Detailed ,nrryr", of infants, performances onmanuar search tasks red him to concrude that the deveropment of infants, beriefsabout occluded nbjects progresses through six stages and is not complete until2 years of age.
Piaget's theory of the deveropment of infants' beriefs about occruded objectshas occupied a central position in the field 

"inf"", 
cognition (e.g., Flavell, lg85;Hams, 1983) The acquisitionof a notion 

"r"1i"., 
permanence is often consid-ered to be the cornerstgne of cognitive a"""iopr"nt in infancy, and indeed,what could be more br:i: 

th1: the object .on."ptl The reali,2fien that visibleand occruded objects existin,the same-oblectwe lpr." rna obey the same phys_ical laws constitutes one-of the fundameniar ,"*i. on which our representatronof the physicar worrd is buirt. rt ir. not ,r.p.r.ing, th"r"fo.", that considerabreeffort has been expended since trre puuricailn'or Ri.g",', theory to confirmand extend his conclusitm^s^(s^ee Bremner, tgas;-Gratch, l9ZS, 1926; Hams,1987, 1989; Schuberth, 1983; Sophian, f gAa, Sp"fi.", l98g; and Wellman, Cross,& Bartsch, 1987, for reviews).
Since the earry lgg0s, my cotaborators and l have conducted an extensiveseries of experiments on young infants' understanding of occrusion events. Inthese experiments' we have used visuar tasks .rir,", *,* the manuar searchtasks used by piaget and his forowers. rrr" r"r".iion or 

"irrJtr.t, J"ril"ofrom a concern that infants.might perform;.i;-* manual search tasks, notbecause their concept of objecipermrn"nl"'*..'underdeveloped, 
but becausetheir ability to plan search action sequen."r rr.lrr,"d. Some of the experi-ments we carried out were designed expressly as tests of f,iaget,s th";;,-;tl;oftrcused on hitherto unexprored ,rp".i. 

"f 
nf;;;r; understanding of occrusiont'vents' In generar' the resurts of these 

"*p".im"nts 
parnt a radicaty differentplcture ofinfants'abil ity to represent and to reason about occluded objects thanrhat bequeathed by piaget and, untir r"."n,rv, ,oopted by most deveropmenta.lpsychorogists. Indeed, the resurts sugSest irrrirn"n* infants' understandingof <rcclusion events is strikingty sim,tai 'tu ,f,.,-, jf 'uOuf,.. l

'l'his 
chapter is dividea into four sections. il;;;, sectron presents piaset,sdescription.of the-sequence of changes in intunt.r u"tiefs about occruded ob-let'ts' and the evidence on which this description was based. The second sec-tirn reviews the experiments we have conducted t 'test piaget's the.ry andro pursue new directions suggesred bv the resurts of these ,i i ir i  i" i ir] i i '"third section considers possible expranations;;;;" marked discrepancy be-
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tween search and non-search assessments of infants' understanding of rrcru-
sion events. Finally, the last section examines the implications of the present
research for descriptions of the content, structure, and development of infants'
physical knowledge.

PIAGETS THEORY

Piaget (1954) proposed that infants' beliefs about occruded objects develop
through six stages. During the first three stages (0 to 9 months), infants do
ne[ 1s:lizs that objects continue to exist when occruded: They assume that ob-jects cease to exist when they cease to be visible and begin to exist anew when
they come back into view. According to piaget, the obict at this stage is',a
mere image which reenters the void r. .oon 

", 
it vanishes, and emergls from

it for no objective reason" (1954, p. ll). During the fourth stageig to tZ
months), infants begin to view objects as permanent entities thationtinue to
erust when masked by other objects. However, this permanence is stilr rimited.
Infants do not yet conceive of occruded objects as occupying objective rocations
in space. It is not until the fifth stage (12 to lg months), piaget maintained,
that infants begrn to systematically attend to visible displacem-ents and to as-
sume that occluded objects reside in whatever locations they occupied lmrneai-
ately prior to occlusion. The sixth stage (lg to 24 months), which is signaled
by the emergence of symbolic representation, constitutes the final advJnce in
the development of infants' beliefs about occluded objects. Because of their ne*
representational capacity, infants become able to imagine invisible oisprrcenrents
and hence to infer, as opposed to nrerely represent, occluded obtcts, locations.
According to Piaget, objects' appe_ararces and disappearances are tlrcn no ronger
mystericus but follow known, predictable patterns. By the end of the sixth stale,
the world of the infant is thus radicary different from what it was in the bein-
ning stages. It is a world that contains both visible and occluded objects, exist_
ing in a unitary, objective space, and obeying the same physical iaws.

As was mentioned earrier, the main evidence for piagei's descriftron ortne
sequence of changes in infants' beliefs about occluded obtcts came from studies
of the development of manuar search behavior. Thus, piaget's n rt .r"i., ir,atrs not until about 9 months of age that infants begin to endow objects with per-
manence, was based on the finding that manuar search does noi emerge untilthis age. Piaget noted that, prior to Stage 4, infants do not search r".-"ii"li,
they have observed being hidden. If a toy is covered with a croth, ro. 

"*.-fi",they make no attempt to rift the croth and grasp the roy, even though they arecapable of performrng each of these actions. Begnning in Stage ll no*"u".,
infants do remove obstacles to retneve hidden oblects.

why drd Piaget select inlants' willingness to search for hkrden objects as mark-ing the begrnning of object permanence? This question is important because
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Piaget observed severar behaviors prior to Stage 4 that are suggestive of ob-ject perrnanence. For exampre, he noted *ut, as-eaay as Stage l (0 to l month),infants may look at an object, look away from it, and then return to it severalseconds later, without any externar cuehaving signaled the object,s continuedpresence. In additbn, Piaget observed ttut,be8in;g in Stage 3 (4 to 9 rnonths),
infants anticipate the future positbns of moing objects. rf they are trackingan object and temporarily rose sight of it, they rook for it further iongl,. ,,.j".-tory; similarlv, il thev are hording an object out of sight ana ac.iaeffi t"i guof it, they stretch their arm to recapture it.

Piaget held that arthough these and other behaviors seem to revear a notionof object pernanence, croser anarysis indicates ',how superficiar this interpre-
tatron would be and how phernnrerulistic the primitive universe remains" (1954,
p. ll)- Prior to Stage 4, piaget maintaineA, infants lack a concept 

"r Onrra,causality and regard an of rearity as being dependent on their..tiuiivl-wi.n
acting on an object, infants view the object not as an independent 

"ntity 
uutas the extension or the product of their action. rf the obiect oi*pp.*, t",view, infants reproduce or extend their action because they expect that thisaction will again produce the.object- proof for piaget that urfants regard ,t. ou

pc,. as. beinq "at the disposal" of their action is ttat if their action fiil. t. u.i"gback the object, they do not perform alternative actions to recover it. B;gln-ning in Stage 4, however, infants act very differently. For example, if , brl;;ll,behind a cushion and they cannot recapture it by extending their reach, theytry alternative means for recovering it: They rift the cushion, pun rt 
"ria", 

o,grope behind it. According to piaget, such activities indicate tr,"t ini.nt, .on-ceive of the object, not as a thing at the disposal of a specifc action, but asa substantial entity that is rocated out of sighi behind the cushion and that anyof several actions may serve to reveal.
Piaget's second craim, that it is not until about l2 months of age that infantsbegin to conceive of occruded objects as occupying objective rocalons , ;;;*,was suggested by the finding that perseverative search errors do not aisaifiar

until this age. Piaget noted that when Stage 4 infants search for hidden objects,
they often search in the wrong rocation. Specificaly, if an object is hidien rna location A and, after infants have retrievld it, the same object is hidden ina new location B, infants tend to search for the object in A, where ,r,"y r"r,found it- Piaget took these errors to indicate that, arthough infants endow theoblect with pennanence, as evidenced by their willingness to search for it. thispernranence is rnt yet complete. Infants stilr regard the object as tr," 

"*t"nsi*of their action: when the object disappears at nl tney search for it at A becausethey expect that by reproducing their action at A they wilr again p.oau.. tr,"object. According to Piaget, "in ar the observations in which the child searche,
in A for what he as seen disappear in B, the expranation shourd be sought inthe fact that the object is not yet suffciently individualized t' be dissoc"iated
from the global behavior related to position R,; (tgSa, p. 63). Begrruung rn Stage
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5, however, infants do search for objects where they were last seen, rather than
where they were first found. According to piaget, infants are becoming aware
that objects reside not in special positions linked to their own actions, but in ob-
.lectrve locations resulting from the objects' drsplacements within the visual field.

F'rally, Piaget's third craim, that it is not until about lg months .f age that
rnfants begin to inler the location of occluded objects, was based on the discov-
ery that it is not until this age that infants succeed at search tasks involving
invisible displacements. In these tasks, an object is hidden, in fun view of the
infant, in a small container, which is then moved behind each of severar screens.
The object is surreptitiousry reft behind one of the screens, usualry the last.
Piaget found that when asked to find the object, stage 5 infants typicalry search
the container, the location where they last saw the objer:t. Failing to find thc
object there, they make no attempt to search behind rhe ...""n.. Beginning
in Stage 6, however, infants do search behind the screens. Iriaget specurated
that because of their new-found representational abrlities, infants arc able t'
imagrne or to inler the object's probable displacements. piaget described the
transition from Stage 5 to Stage 6 in these terms:

A world [such as the worrd of the fifth stage infantl in whrch onry pereeivetr move-
ments are regulated is neither stable nor dissociated frrm the self; rt is a world
of strll clnotic potenri^htbs whose orguuzatnn begurs.nry'r the sub;ect's preseh-e
. . . [The] representation and deduction characteristic of the sixth stage resulr
rn extending the process of solidrfcatron to regrons . . . wluch are dissrnated from
actron and perceptron; drsphcenrnts, even hlrsible ones, are here*eforti envrsaged
as subservient !o laws, and objects in motion become real.bjects independent
of the self and persisting in ther substantral identity. (piager, 1954, p. g6)

TEST O}' PIAGETS THEORY

Since the early l9tl0s, my collaborators and I have r:onducted an extcnsive se-
ries of experiments on young urfants' understanding 'f <rclusi.n events. This
sectron summarizes the results of these experiments. 'l'he 

section is organized
rnto three parts. The first reports expcnments on young infants'ability t<r
represent the exrstence of occluded objects; the second reviews experiments
on young infants'ability to represent the spatial and physical prolrrties of <x--
cluded ob.iects; and the third presents prelimrnry exlrriments on young infants'
ability to make rnferences about the existence and pnrprties of occluded objects.

Representing the I lxistence of Occluded Objects

Dururg the l !xi0s and 1970s, Piaget 's (1954) .bservatron that young infants <io
not search for tudden objects was confirmed by many ulvesttgat()rs (see Ciratch,
1975, L976, for reviews of this early work). Ncverth. less, I ,ragt t 's interpreta-
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tion of this 'bservation was questioned. It was prop'sed that young infants
might fail to search for hidden objects. not because of a rack nf obl"cip".mr_
nence, but because of difficulties associated with manual search (e.g., Bo*".,1974).

This analysis suggested that young infants might show evidence of objectpermanence iI given tests that did not require manual search. Bower (1967,
1972, 1974; Bower, Broughton, & Moore, l97l; Bower & Wishart, fSZtiOe
vised several such tests and obtained three resurts that seemed indicative ofobject permanence in young infants. First, 7-week-ord infants *ere founi todiscriminate between disappearances that signared the continued existenle oran obiecl (e'g., gradual occrusions), and disappearances that did not (e.g-,graduar
dissolutions or sudden implosions; Bower,-ig67). Second, z_rnontf,-Ifa-inf_t.
were found to anticipate the reappearance of an object that stopped u"rrina ,screen' "looking to that harf of the movernent path the object wouri Lve reacheohad it not stopped" (Bower et ar., lgzl , p. lg3). FinJv, s-,nontt_ou intant.were found to show disruptions in their tracking when an object was arteredwhile passing behind a screen: They tended to bol back at the screen, ,, t},ougr,in search of the original object (Bower, l9?4; Bower et al., lg7l).

Although suggestive, Bower's three results did not provrde concrusive evr-dence of object permanence in young infants. First, methodorogicar problems
cast doubts on the validity of the results (e.g., Baillargeon, 19g6*, lgd?b; B;largeon, Spelke, & Wasserman, l9g5; Gofiberg, 1976; Gratch, lg75, 1976,1982; Harris, 1987; Hood & Willatts, tgg6; M;br & Gratch, 1980; Muller& Aslin, 1978). Second, t,'e resurts were open to arternative int".p.Ltrtioi,
that did n't implicate object permanence. In particular, the last two results courdbe explained by Piagetian theory in terms oi the extensrcn of an ongoing action'r the reproduction of a previous action. When anticipating th" .";;;;;;.
of the object, the infants courd simpry have been extending a tracking motionbegun prior to the object's disappearance. Furthermore, when tooking back atthe screen, after the nover object had emerged from behind it, the infaits couiahave been repeating their prior action of tcxrt<ing in that direction, with the ex-pectatron that this action would again produce the original object.

The first of Bower's 0g67) results courd not be exprained in terms of theextensron or the reproduction of an action, but it, too, was open to alternativeinterpretations. one such interpretation was that the rnfants discriminated be-tween the test disappearances on the basis of superficial expectations a;;i ;"way objects typically disappear, rather than on the basis or, u.r,"r in-oui"itpermanerce- In their daily environment, infants often see objects occrude oneanother but they rarely, il ever, see objects implode or dissolve i"t" ii" ,,,Hence, the infants courd ha.ve. responded differently to the occlusions than t'the implosions or the dissolutions simply because the occlusions .;;;;;i;;the_only type of disappearance that was familiar to them.
Because 'f the diff iculties ass<riated with piaget's and Bower's tasks. mv
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colleagues and I sought a new means of testing object permanence in young
infants (Baillargeon et al., 1985). Like Bower, we chose not to rely on manual
search as an index of object pernanence. However, we tried to find an index
that did not depend on (a) the extension or reproduction of an action or (b)
knowledge about superficial properties of object disappearances.

The method we devised focused on infants' understanding of the principle
that a solid object cannot move through the space occupied by another solid
object. we reasoned tlnt if infants were surprised when a visible object appeared
to move through the space occupied by another, occtuded object, it *ouid .ug-
gest that they took account of the existence of the occluded object.

In a series of experiments, 5%-month-ords (Bainargeon .t i., lggs) and
4rA-month-olds (Baillargeon, l987a) were habituated to a screen that rotated
back and forth through a 180 " arc, in the manner of a drawbrllge (see Fig. 9. l).
Following habituation, a box was placed behind the screen and the infants saw
a possible and an impossible test event. In the possible event, the screen stopped
when it reached the occluded box; in the impossible event, the screen rotated
through a full l80o arc, as though the box were no ronger behind it. Both the
\th- and the 4%-month-old infants looked reliably longer at the impossible than
at the possible event, suggesting that they (a) represented the existence of the
box behind the screen; (b) understood that the screen could not rotate through
the space occupied by the box; and hence (c) expected the screen to stop aid
were surprised in the impossible event that it did not.

There was, however, an alternative interpretation for the results. The in-
fants could have looked longer at the impossibte than at the possible event sim-
ply because they found the 180' screen rotation nrcre interesting that the shorter
rotation used in the possible event. To check this interpretation, we tested ad-
ditional groups of infants in a control condition that was identtal to the experinren_
ta.l condition except that no box was placed behind the screen. The infants now
looked equally at the two screen rotations. This finding provided evidence that
the infants in the experimental condition looked longer at the impossible event,
not because they preferred the l80o screen rotation, but because they expect-
ed the screen to stop and were surprised that it did not.

In other experiments also reported in Baillargeon (l9g7a), 3rlz_month-old
infants were examined using the same paradigm. The results indicated that
the infants who were fast habituatorsr looked reliably longer at the impossible

'ln this expenrnent, an infant received habituatinn trlals until (a) ttre inlant reached a criterion
of habituatnn oI a frqo or hrgher decrease in loolting tirne on tluee consecutive trials relative to
his or her l<rckrng trme on the 6rst three truls, or O) the infant completed nine trials without satis_
fymg the habituation criterion. Therefore, the minimum number of habituation tnals an infant couH
receive was six. and the maximum number was nine. Infants who took six or seven triars to reach
the habituation criterion were classified as/dJ, habituators; infants who required eight or nine trials
to reach the critenon or who farred to reach the cntenon sthin mne tnars were Jssifed as slou
habi tuators.

-
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Representing the Properties of Oecluded Objects

Test Events
Possible Event

lmpossible Event

Vrs
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Habituation Evenl

Test Events
Possible Event

Location. The results presented in the last sectlon rndicated that infants
represent the existence ofoccluded objects long bef,re g months of age. such
a finding raised the possibility that infants reprcsent the lcnation of occluded
objects-the next step in Piaget's (1954) dsyglopmental sequence_before the
age of.12 months. To examine this possibility, 6t/z- and rJ-n.,onth-ord infants were
tested using a novel paradigm (Baillargeon, l9g6). The infants sat in front of
a screen; to the left of the screen was a long inclined ramp (see Fig. 9.2). The
nfants were habituated to the following event: The screen was raised (to show
the infants that there was nothing behind it) and then lowered; a toy car then
rolled down the ramp, passed behind the screen, and exited the apparatus to
the right. Follow'rg habituation, the urfants saw a possibre and an impossibre
test event. These events were identica.l  to the habituarirn evenr except thar
a box was placed behind the screen. In the p,ssible event, the box stood irr
back of the car's tracks; in the impossibre event, the box stood on top of the
tracks, blocking the car's path.

The resu.lts indicated that the inlants looked reliably longer at the impossible
than at the possible event. A second experiment in which the brx was praced
in front (possible event) or on top (impossible event) of the car's tracks yielded
similar results. Together, these results indicated that the infants (a) repiesent_
ed the location of the box b€hind the screen; (b) assumed that the car pursued

Habituation Event

lmpossible Event

FIG. 9.1 . Schenntic &awing of the eyents shown to the urfants in Bailhrgeon
et at. (1985) ard in Baillargeon (198?a).

than at the possibre event, whereas the infants who were srow habituatorslooked equatly at the two- events. These findings suggested that, rike the5'b- ard the 4%-month-ord inhnts in the initiar eipennrents, the 3%-month-old infants who were fast habituators expected the screen to stop and were
:urprised in the impossibre event that it did not. A contror conditron con-ducted without the box supported this interpretation. The resutts of theseexperiments thus indicated that, contrary to what piaget had .taun"o, in-fants as young as 3L! months of age represent the existence of occruded ob-jects. FI ( ; .  9  2 .  S lhemat r  d rawrng o f  the  cv t ,n ts  shown to  th r .  r l fan ts  rn  l lad la rgeon

(l9Ed) md rn Bail largeon and [)cVos 0t}9l , Lxp lt)

z
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its trajectory behind the screen; (c) understood that the car could not roll tlgough
the space occupied by the box; and hence (d) were surprised in the impossibte
event to see the car roll past the screen.

ln subsequent experiments, 4-month-old infants were tested using a similar
procedure, except that the box was replaced by a toy mouse (Baillargeon &
Devos, l99l). The resurts showed that the mati infants tended to nor<iquary
at the test events: in contrast, thefemare infants looked reriabry Iong.. *1.,"n
the toy mouse stood on top of the car's tracks than when it stood either in back
or in front of the tracks. (This is no doubt the first evidence of female .rp".io"-
ty in reasoning about cars! See Bailrargeon & Devos, l9gl, for interpretations
of this unexpected sex difference.) The results obtained with the female infants
indicated that' like tJte 6t/z- and the g-month-ord infants in $re originJexperi-
ments, these younger infants were surprised to see the .r...rpS- non, Ue-
hind the screen when the mouse stood in its path.

The results of these experiments thus indicated that, contrary to what pia-
get had claimed, infants as young as 4 months of age assume that objects retain
their locations when occluded.

Additional Prcpertie* The experiments described in this section asked
whether infants could represent not onJy the rocation but arso the height and
the compressibility of rrcluded objects.

The first experiment in this series examined 7rlz-month-old infants, ability
to represent the height and the rocation ofa hidden object (Bairarg"on, rsgzb).
]'he infants were habituated to a screen that rotated back and ]orth ttrroulh
a l80o arc (see Fig. 9.3). Forowing habituation, the infants saw a possiute aia
an impossible test event. In both events, a box was praced behind the screen,
which rotated back and forth through a 165oarc. The onry difference between
tht' events was in the orientation and rocation of the box behind the ,..""n
In the possible event, the box ray f lat l0 cm behind the screen and;t; ;
high; in the impossible event, the box stood upright 25 cm behind the screenand was 20 cm high. The 165" rotation of the scieen was consistent with thehorizontal orientation of the box (the screen stopped rotating when it ."rch"d
the box), but not with its vertical orientation (the screen rotated through thespLe occupied by the top 14 cm or Z\Vo of the box).

The infants looked reliabry ronger at the impossible than at the possibre event,suggesting that they (a) represented the height and rocation of ihe box behindthe screen; (b) used this information to estimate at what point the ...""n *outireach the box; (c) understood that the screen could not rotate through the space<x'cupied by the box; and therefore (d) were surprised when the screen con-tinued to rotate after it reached the box. This interpretation was supported bya control condition in which the screen underwent a diflerent ,ntrn'tr"" n,g.9.3). In the habituation event, tie screen rotated upward g0oand th"", ;""hr;verticar, srid backward 30 cm. In the test events, the screen again rotated g00
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FIG. 9 3 Schematic drawing of the events shown to the infants in Baillarqeon
(1987b, Exp.  l )

but slid back 25 cm instead of 30 cm. As in the rotating screen condition, the
box either stood upright 25 cm behind the screen (possible event), or lay flat
l0 cm behind the screen (impossible event). The infants again looked ."iirbly
longer at the impossible than at the possible event. This result provided evi-
dence that the infants in the rotating screen condition looked lonjer at the im-
possible event, not because they preferred the box in its vertical orientation,
but because they were surprised that the screen continued rotating after it
reached the box.

The next experiment (Baillargeon, l98b) examined whether 7%_month_old
infants could represent the compressibility as well as the height and location
of a hidden object. The infants saw a possible and an impossible test event in
which a screen rotated back and forth through a l57o arc (see Fig. 9.4). In
the possible event, a soft, compressibre object (an irregular ball ofgauze) stood
behind the screen, and in the impossible event, a hard, non-complessible ob-

Possible Event

lmpossrble Evenl lmpossib le Event

-|-



Habituation Events
Soft Object (Ftuff) Evenl

Soft Object (Plastic)

Test Events
Possible Event

FIG. 9.4. Schematrc drawilrg of the events shown to the nfants rn Barlargeon
(1987b,  Exp.  2 ) .
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lect ( a wooden box) stood behind the screen (the infants were allowed to manipu-
late the test objects for a few seconds before the experirnent began). The two
ob.lects were approximately the same coror and size and they were placed at
the same location behind the screen. The l52" rotation was consistent with
the presence ofthe soft object (the screen could compress the object), but not
with the presence of the hard object (the screen appeared to rotate through
the space occupied by the top portion of the object). prior to seeing the test
events, the infants watched two habituation events that were identical to the
possible event except that other soft objects were used (these were two ir_
regular balls' one made of polyester stuffing and the other of plastic bags).

The infants looked reliably longer at the impossible than at the possible event,
suggesting that they (a) represented the height and locarion of the object be_
hind the screen, and used this information to decide at what pornt the screen
would reach the object; (b) represented the compressibrhty of the object be_
hind the screen, and understood that the screen could compress the s<.rft but
not the hard object; and hence (c) were surpnsed when the screen continued
to rotate after it reached the hard object. This interpretari,n was supprurted
by a control condition rn which the screen rotated I 12 " rnstead of I 52 " ino tt m
stopped before it reached the hard or soft object behind it. The infants in this
condition tended to look equally at the test events. This finding provided evi-
dence that the infants in the experimental condition looked longer at the impos-
sible than at the possible event, not because they preferred the hard to the soft
object, but because they were surpnsed that the screen continued to rotate
after it reached the mcompressible hard object.

Together, the results of these experiments suggested two conclusions. The
first was that, by 7t,l months of age, infants can represent the physical (e.g.,
height, compressibility) as well as the spatial (e.g., location) properties of oc_
cluded objects. The second was that inlants this age can make both qualitative
and quantitative predictions about occluded objects. The infants rn the experi-
ments not only realized that the screen should st,p when an object blocked its
path (qualitatrve prediction): They also were able to judge al what ptnt the screen
shonld stop, depending on the object's height, conrpressibrlity, and location (quan-
titative prediction). Following the terminology used in computational models of
everyday physical reasoning (e.g., Forbus, l9ti4), the second prediction is said
to be quantitative because it required the infants to compute a quantitative esti-
mate of the screen's stopping point. Specrfically, the infants had to determrne
how hrgh above the apparatus floor the screen wruld be when it came to a stop.
In contrast, the first prediction is referred to as qualitative because it embrdied
no quanti tat ive judgments.

Deuelopmental e, idence. The next exprerir ' t ,nts asked two questions
(Barl lzngeon, l1)91). F' irst,  would ygunger infants,6r/z- antl  4t lz n.. ,nth . lds, ;r ls<r
be able t,  represent and to reasrn quanti tat ively about thc height and lrrarion

Event

lmpossible Evenl
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the 5070 violation condition tended to look equally at the two test events. These
results suggested that the infants were able to detect the g09o but not
the 509o violation. A control condition conducted without a box behind the screen
provided evidence that the infants in the 80% violation condition looked longer
at the impossible event, not because they preferred the lbZ" rotation to the
ll2orotation, but because they detected that the screen rotated farther than
it should have given the box's height and location.

In a subsequent experiment, 4%-month-old infants were tested in the g0go
violation condition. The infants failed to show a retiable preference for the im-
possible over the possible event, suggesting that, in contrast to the 6rlz-month-
old infants, they were unable to detect the 80go violation.

The next experiments investigated whether infants would form more pre-
cise expectations about the screen's stopping point under different conditions.
These experiments were identical to the last series with one exception: A sec-
ond, identical box was placed 10 cm to the right of and in the same fronto-parallet
plane as the box behind the screen (see Fig. 9.6). This second box stood out
of the screen's path and so remained visible throughout the test trials.

With this second box pres€nt, (a) the Oth-rnonth-old infants now looked retiably
longer when the screen rotated through the top 5ogo of the occluded box, and
(b) the 4rlz-month-old infants now looked reliably longer when the screen rotar-
ed through either the top Sogo or the top 50go of the occluded box. These results
suggested that the infants spontaneously made use of the second box to predict
the screen's stopping point: They were able to detect with this box violations
that they failed to detect without it. This interpretation was supported by con-
trol conditions in which the box behind the screen was removed, leaving only
the box to the side of the screen. The infants in these control conditions tended
to look equally at the different screen rotations. These findings provided evr-
dence that the infants in the experimental conditions looked longer at the im-
possible events, not because they preferred the l5Z" or the 135" to the l12o
screen rotation, but because they were surprised that the screen continued to
rotate after it reached the occluded box.

How did the infants make use of the visible box to predict the screen's stop-
ping point? At least two answers were possible. one was that the visible box
facilitated the infants' quantitatiue reasoning by providing them with an exacr
reminder of the occluded box's height and distance from the screen. The other
answer was that the visible box made it possible for the infants to offer a quatita-
tiue prediction about the screen's stopping point. That is, rather than comput-
ing the screen's approximate height at its stopping point, the infants could simply
reason that the screen would stop when it was aligned with the top of the visi-
ble box. This prediction is said to be qualitative because it required no quantita-
trve estimate of the screen's stopping point; the top of the visible box provided
the inlants with a direct reference point.

Did the infants in the experiments use the visible box to offer a quantitative
or a qualitative prediction about the screen's stopping point? To decide between
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' f  an occluded object? Second, how precise was infants'  quanti tat ive reason-
ing? In Bail largeon's (1987b) experiment (shown in Fig. 9.3), the screen rotat_
ed through the top 70vo of the space occupied by the occruded box-to adurts,
an obvious vrolation. would infants still detect that the screen rotated farther
than it should if it rotated through a smaller portion of the occluded box? The
experiments compared infants' performances with g0go and 50go violations

In the first experiment, 6%-month-old infants were habituated to a screen
that rotated back and forrh through a lgO" arc (see Fig. 9.5). Foltowing hrait;-
ation, a box 25 cm tall was placed l2.S cm behind the screen (as in Baillargeon,
1987a)' and the infants saw a possibre and an impossible test event. In hJ;;
sible event, the screen stopped rotatingbefore it reached the occluded box (itz.
arc); in the impossible event, the screen rotated through either the top g0%
(157'arc) or the top 50% (135" arc) of the space occupied by the box.

The results indicated that the infants in the g0go rotation condition looked
reliably Ionger at the impossible than at the possible event, whereas those in
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these two possibilities, experiments were conducted that were identtar t<l thetwo-box experiments just described except thai the vrsibre box was no rongerin the sarne fronto-paraler prane as the box u.nirJ-tr,. screen. The visibte boxnow stood l0 cm to the right and g.5 cm in front of the box behind the screen.Under these conditions, the infants .tilr nro..u-rder of the occruded box,sheight ard approximate distance from the r.r".n, uut they could no ronger usean alignnrent strategy: The screen rotated past the top of the visibh box in boththe possible 
1d Su impossible events.'fne ."sutts indicated that (a) the6%-month-old infants were no ronger abre to detea the soTo screen vioration,and (b) the 4%-month-ord infants ,n"." no tong". 

"ur. 
to detect the g0go andthe 5O7o screen violations.

Together, the resu.lts of the experiments reported 'r this section revearedan.mterestrng developmentar sequence. At 6rlz months of age, the u.,runi, *"..able to predrct both quantitatively and quzrlitatrvery: ai'what F)rnt the screen wo,rd
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reach the occluded box and stop. Quantitative predictions were pro<iuced when
only the box behind the screen was present; qualitative predictions were
produced when the second box was placed to the right of and in the same plane
as the box behind the screen. Not surpnsingly, the infants' quantitative predic-
tions were less precise than their qualitative counterparts: The rnfants could
detect 80% violations when reasoning quantitatively, and smaller, 50go viola-
tions when reasoning qualitatively.

At 4% months of age, however, the'rfants were unable to predict quanti ta-
tively at what point the screen would stop. when only the box behrnd the screen
was present, the infants detected 1007o violations (tsaillargeon, l9g7a) but not
8o% or 5070 violations. They could reasonthal the screen should stop, and were
surprised if it completed its 180" rotation without do[rg so; but they were una-
bfe to predict at what fiint the screen sh.uld stop.2 The I12 ", l3S", and l5Z"
stopplng points were all judged to be consistent with the box's height and loca-
tion. when the second box was placed to the nght of and ur the same plane
as the occluded box, however, the urfants had no difficulty predictrrg qualita.
tively at what point the screen would stop, and now viewed both the l3s"and
the l57o stopping pourts as unacceptable.

Further lleoelopmental Eaidence. The experiments described in the
last section pourted to important developments in urfants' quantitative reason-
ing. Additional experiments indicated that there nught be differences in inlants'
qualitative reasoning as well. These experiments tested whether 4t/z- urd
6%-month-old infants would still be able to ma.ke use of the second box to de-
tect 50% violations if it differed rn app€arance from the box behind the screen
(Baillargeon, 1992). Technically, the superficial similanty of the two boxes is.
ofcourse, irrelevant: As long as the boxes are of the same height and are placed
in the same plane, one can be used as a reference point for the other.

The infants were assigned to one of three conditions (see Fig. 9.2). The
infants in the high-similarity condrtion saw two red boxes, one decorated with
green dots and the other with white dots; the infants rn the moderate-similaritv

2An alternative interpreutkrn nught be that, like the 6rb,month-old rrlmts, the 4rr'r.mnrh old
urlants cnuH predtt both quantltatrvely and quahtatrvely at what F)ni the rreen should stop, but
that their quantltative reasoning was so por lhat rt erubled them to detect only the 10090 vrolatpn.
Reca.ll that the screen rotated thrmgh all 25 cm of the bor n lhe l(X)o/o vnlation, and through th€
top 20 cm and 12.5 cm of the box m the 8ogo and the 5o9o vrlatren, respectively. Thus, one mrght
propose that nlants cm nit-rally detect only extreme (25 cm or greater) vblatnns, and gradually
improve mth age. However, sonre addrtronal data are mconsislent mth this view. ln m unprb-
hshed exp€rimnt, 4'a-mnth-old nfants were found to detect a l00go violatrcn m whrch a box only
12.5 cm high stqrd bchnd the vreen- Srmrlar results were obtaned wrth 3rh-month old Jast habit-
uators (Bail largeon, l9ti7a). Such findngs suligrsl that young mfants use a quaLtatrve stratcgy to
detect l00o/u vrolatrons. Sprcrfic;dly, rnfants take as thctr pomt of reference rh. apparatus flrnr and
reason thal i l  the sereen r(rtate5 untd rt bes l lat agalnst the 0txrr, then tl rotatcs fanhcr lhm lt
should, grvcn Ihe prcsent-e of the txrx In tls path
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old infants was tested using the low-similarity condition procedure. For these
infants, however, the two boxes stood on either side of the screen throughout
the habituation trials. The reasoning was that this prolonged exposure (the in-
fants received a minimum of six and a maximum of nine habituation trials) would
give the infants ample opportunity to peruse the two boxes. However, the results
of the experiment were again negative: Despite their increased familiarity with
the two boxes, the inlants still failed to detect the 5070 violation.

Two conclusions followed from the results of these experiments. one was
that whether the infants used the visible box to predict when the screen would
reach the occluded box depended on the perceptual similarity of the two boxes.
The other conclusion was that the older the infants the Iess similarity they needed
to make spontaneous use of the visible box. whereas the 4 %-month-old infants
used the visible box to predict the screen's stopping point only when it was
identical or higtrly similar to the occluded box, the 6ra-month-old infants used
the visible box even when it was only moderately similar to the occluded box.
These results suggested that, with age, infants become better at dismissing
irrelevant differences in objects they use as reference points in solving physica.l
problems. one noteworthy aspect of these results is that they mirror findings
from the analogical reasoning literature: Investigators have shown that children
and adults are most likely to realize that the solution to a familiar problem may
be of help in solving a novel problem when the superficial similarity between
the two problems is high (Brown, 1989; D. Gentner & Toupin, 19g6; Gick &
Holyoak, 1980; Hotyoak, Junn, & Billman, l9B4; Ross, l9g4).

conuerging Eoidence. The last set of experinrents described in this sec-
tion used a different paradigm than the rotating screen paradigm to gather con-
verging evidence ofyoung infants' ability to represent and to reason about the
properties of occluded obicts.

The experiments examined the ability of 5%-month-olds (Baillargeon &
Graber, l98A ard 3tA-nronthdds @aillargeon & DeVoa, l99l) to represent and
to reason about the height and trajectory ofoccluded objects. The infants were
habituated to an object, such as a toy rabbit, that slil back and forth along a hori-
zonta.l track whose center was hktden by a screen (see Fig. 9.g). on alternate
trials, the infants saw a short or a tall rabbit slde along the track. Following
habituation, the midsection of the screen's upper half was removed, creating a
large window. The infants saw a possible and an impossible test event. In ihe
possible event, the short rabbit moved back and forth along the track; this rabbit
was shorter than the window's lower edge and thus dij not appear in the window
when passing behind the screen. In the impossible event, the tall rabbit moved
back and forth along the track; this rabbit was taller than the window's lower
edge and hence should have appeared in the window but did not in fact do so.

The infants looked equally at the short and the tall rabbit habituation events
but looked reliably longer at the impossible than at the possible test event, sug-

[:-T
E*J
Low Similarity

FIG. 9.7. Schematr drawing of the
txrxes shown to the lnfants ur Barllar_
geon (1992)

::::::::11^1.f:,!y !3* *tt er""n dots and a red box with white dots; the
:y,*,",,,i j::1",T::'g::,1:.:oiuon.,*.,y"n;;;_-;;;;;lrir",i",li;il,l
illll:3*:: 1,:" 1,nd. 1.,"0 box with whi ie dot s ib"; ;;;;# ;il ..rJi;faces were used in all of the rotating..r""n 

"*p".i."niil;;;; #; il#
li'.]-Li,ltll],-lhe.re-sults indicated rhat (a) the 6vz-monrh-old infants detected
llI;T::,l1Y :i:': jl,l T llf,l i Tg tl" '',,a".. r " - uut ;;; ;"lil ffi #;;:;:
lll":"11ilr,_:"-11::,::t:,g lnralts,detelieaii" sir"i'"r"i".",,ii,ilnllil.
but not the moderate- or the low-simllrrlty .onjiii.rn..

one possibre interpretati.n for these finiings was srmpry that, as the ,iffer-err.es between the b.xt 's in.reased, the infanis b*.ur" absorbed in the task'f  c.rnparing the two boxes and as a resurt paid rrt tre or no attention to thes('reen's moti 'n. ' fo 
address this possibrr i ty, un ,oi i t ionrr group of 6rlz_month-
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swer, we bel ieved, was that the infants visual ly compared the height of each
rabbit,  as i t  approached the screen, to that of the window. such a direct visual
companson process was of course qualitative, bccause it drd not require the
infants to compute estimates of how hrgh eae h rabbrt wrultl extend above the
wurdow's lower edge. This account is analrgous to that offered in the last sec-
t ion to explain infants'  performances in the two-box expcnnlents.

Three conclusions fol lowed from the prescnt results. Frrst,  they c'nf irnred
the findrrg, reported earlier, that 3r/z-month-old infants represent the existence
of occluded objects (Bai l largeon, 1987a). Second, the rcsults indit :ated that in-
{ants this age are also able to represent and to reasrn ab.ut sonre of the physi-
caj (height) and spatial (trajectory, location) propertrcs of rx'eluded objects. .l.his

finding provided evrdence agarnst the hypothesis that the,bject c.ncept develops
ln stages, with inlants representing first the existence and,rily later the proper-
ties of occluded objects. Finally, the absence of significant differences (uaillar-
geon & DeVos, l99l) between the resgrnses of the 3rlz-month-old fast and
slow habituators ln the experimenta.l condrtron indicated that brxh groups of habit-
uators believed that objects continue to exist when out 0f sight. l'his finct-
ing ruled out one interpretation of the differences.btainet.l in Barllargeon's
(1987a) rotat ing screen experiment, namely, that only the fast habituators
preferred the impossible event because only they had attained a notion t_rf ob-
Ject p€rmanence.

Inferr ing the Existence and Propert ies
of Occluded Objects

The results reported in the last section indicated that infants represent the
properties of occluded obpcts long before the age of l2 months. This finding
suggested that infants might be able to make inlerences about txcluded objects-
the last step in Piaget's (1954) developmental sequence-before lg nronths of
age. The experiments presented in this section exanrined infants' abrlity to in-
fer the existence and the properties of occluded oblects.

Exirtence. The first expenment in this series tested 6- and 9-month-old
infants' abiLity to nfer the presence of a hidden object from the presence of
a protuberance in a soft cloth cover (BarlJargeon & DeVos, 1992). The infants
were shown a possible and an impnssible event (see Fig. 9.9). At the start of
each event, the infants saw two covers rnade of sr_rft pink fabric; one lay llat
on the table, and the other showed a large protuberance. Next, two screens
were pushtd in front of the covers, hrding them from view. A hand then reached
behind the r ight screen and reappeared f irst wtth the cover and then with a toy
bear of the sanre height as thc protuberan( e seen earlier. 

'l'he 
only difference

between the two test events was in the locatlon of thc two covers at the start

FIG. 9.8. Schenutt &awing of rhe events shown to tl|€ nlants in Bailhrgeon
and Graber (1982).

gestlng that they (a) represented the height of each rabbit behind the screen;
o) assumed that each rabbit pursued its tripctory behind the screen; .na t"*.(c) expected the tall rabbit to appear in the screen window *o *.r. ,urpri..o
that it did not. This interpretation was supported by the resurts of another con-dition that was identicar to the experimental condition with one important ex-ception: Prior to the habituation trials, the infants received two pretest triarsin which they saw two short or two t"lr rabbits standing motionress, one on eachside of the windowress habituation screen. Harf of the infants saw the ,*,o ,t oarabbits in the 6rst trial and the two tall rabbits in the second trial; the otherinfants saw the rabtlits in the opposite order. unlike the infants in the experinrcn_
tal condition, the infants in this pretest condition rooked equary .t tr,. unp".1i-
ble and the possbb events. orr exdarutrrn for these resurts was that the infantswere able to use the information presented in the pretest triats to make senseof the impossible event. Speciftaly, the infants understood that the tar rauuitdid not appear in the screen window because it did not in hct traver the dis-tance behind the screen: Instead, one rabbit travered from the brt eno of ttretrack to the left edge ofthe screen and stoppedjust inside this edge; a ,..ond,identical rabbit tlren emerged from the rigrrt eige of the screen-and traveredto the right end of the track (see Bailargion & beVos, 1991, for . tu[;.1;-
cussion of these results).

How did the infants in the experimentar condition determine whether the tallor the short rabbil should appear in the screen window? The most likelv an-

hpossrble Event



zffi

Possible Event

,

lmpossible Event

BAILLARGEON 9.  tN \ I 'S '  PHYSICAL KNOWI-EDGE

These negative resu.lts seemed inconsistent with the results of the 6rst rotat-
rng screen task described earl ier (Bai l largeon, lg87a). In this task, St/z-,4t lz-,
and even 3rlz-month-old infants were surprised to see the screen lay flat against
the apparatus floor when the box stood behind it. In the present task, 6-month-
old infants were nol surprised to see the bear retrieved from under a cover
that lay flat against the apparatus floor. Both tasks called upon the same gener-
al physical knowledge: In each case, the infants had to appreciate that objects
continue to exist when hidden, and that objects cannot occupy the same space
as other objects. Nevertheless, there was one important difference between
the two tasks. In the rotating screen task, the infants saw the box and then
were asked to predict its effect on the screen. In the present task, however,
the infants did not see the bear but had to infer its presence from its effect on
the cover. what this analysis suggests is that infants are able to reason about
known objects several months before they are able to make inferences about
unknown objects. Having formed a representation of an object, infants can use
this representation to reason about the object after it has become hidden from
view. However, infants cannot make inferences about an unknown object, even
when the cues that point to the existence of the object call upon precisely the
same knowledge infants would use to reason about a known object. we return
to this issue at the end of the next section.

Size. The results described in the hst section indicated that, by 9 months
of age, infants could use the presence of a protuberance in a soft cloth cover to
infer the existence ofan object beneath the cover. our next experiment investi-
gated whether infants could also use the size of a protuberance in a cloth cover
to infer the size of the object beneath the cover (Baillargeon & DeVos, 1992).

In this experiment, lZth- and l3%-month-old infants watched two test events
(see Fig. 9.10). At the start of each event, the infants saw a purple cloth cover
with a protuberance approximately equal in size to that in the last experiment.
Next, a screen was raised in front of the cover, hiding it from view. A hand
then reached behind the screen twice in succession, reappearing first with the
cover and then with either a small dog of the same size as the protuberance
(possible event), or a large dog more than twice as large as the protuberance
(impossible event).

The l3r/z-month-old infants looked reliabty longer at the impossible than at
the possible event, suggesting that they (a) used the size of the protuberance
in the cover to infer the size of the object under the cover, and hence (b) were
surprised to see the hand reappear holding the large dog. support for this in-
terpretatron came from a control condition in which a cover with a protuberance
as large as the large dog was shown at the beginning of the test events. The
infants in this condition looked about equally when the large and the small dogs
were retrieved from behind the screen. This finding showed that the infanis
in the experimental condition looked reliably longer at the impossible event, not
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FlG. 9.9. Schematic drawing of the events shown to the infants in gaillargeon
and l)eVos 0992, Exp. l) .

of the trials. In the possibre event, the flat cover was behind the reft screen
and the cover with the protuberance was behind the right screen; i" *," irp.r-
sible event, the position of the two covers was reversed.

The results indicated that the 9-month-ord infants rooked reriably ronger atthe impossible event, suggesting that they (a) represented the appearanc"e andlocation of the two covers behind the screens anj O) understooO if,rt 
"n 

olj".,could be retrieved from under the cover with a protuberance but not the flatcover. This interpretation was supported by a contror condition in which thehand reached behind the left rather than the right screen so that the bear,s po_sition in the impossible and the possible 
"u"n-t. 

*r, reversed.:r
In contrast to the 9-month-ord infants, the 6-month-old infanis rooked equar-ly at the impossible and the possible events, suggesting thar they found it e;u;yplausible for the bear to have been hidden undJ the cover with a protuberance

.r the llat cover. This negative resurt was replicated in another 
"*p".i."nt 

.on-ducted with a simprer procedure. In this experiment, the infants saw a singrecover ln each test event: the flat cover in the impossibre event, and the .ou". *ri?a protuberance in the possibre event. After a iew seconds, the cover *a, tia-den by a screen. Next, the hand reached behind the screen and retrieved firstthe cover and then the t'y bear. The infants again rooked equary at th" i;;;-srblt 'and the possible events, suggesting that they berieved that the bear courdhave been hidden under either the flat cover or the cover wrth a protuberance.

l ' lhese resurts have rmplieatr'ns f.r exprarning Infents rrerseveratrve search enors. piager
'954) Bower.971) and others havt'n'trd that infants wrrl rcturn to a kration. A, for m oblectrhev have seen disappear in a kx:l ion ,, cwn u'hen the object creares a targe protub€rance 0renrts a sound under the B cover' 

-I 'he 
present .esurt, suggest that b\, g months of age infants havethc (I)gnrtrve abrrity to use such informatron to infer where tlre oopct rs hrdden. why infants don{,( make this inferen-e is addrt,ssed furlher on.
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FIG. 9.10. Schematt drawing of the events shown to tlre inlants n Barlhrgeon
and DeVos (1992, Exp. ,l).

because they preferred the large dog, but because they reari"ed that its size
was inconsistent with the size of the protuberance shown at the start of the event.

tvhy did the infants in the control condition look equally when the small and
the large dogs were retrieved from under the cover? The most likely explana-
tion, we believed, was that the infants realized that neither event was impossi-
ble: Either dog could have been hidden under the cover. Something in aoiition
to the small dog could have been hidden under the cover, such as a doghouse,
to give the cover its large protuberance.

In contrast to the l3r/z-month-old infants, the l2rb-month-old infants (in the
experimental condition) tended to look equa.lly at the impossible and the possr-
ble events, suggesting that they believed that the large or the small dog could
have been hidden under the cover. our next experiment examined whether in-
fants wo,ld perform better when provided, as in the two-box rotating screen
experiments described earlier (Baillargeon, l99l), with a second, identical cover
that remained visible throughout the experiment (see Figure 9.ll). Subtects
in the experiment were l2th- and 9rA-month_old infants.

The 9ta-month-old infants tended to look equally at the two test events. In
contrast, the l2%-month-old infants looked reliably longer at the impossible than
at the possible event, suggesting that they made use ofthe visibre cover tojudge
that the small but not the large dog could have been hidden under the iover
behind the screen. A control condition supported this interpretation. The in-
fants in this conditbn were simply shown the hand holding the small or the large
dog next to the visible cover, as in the right panels in Fig. 9.11. The infanis
in this condition looked about equally at the large and the smal dog disprays.
This result provided evidence that the infants in the experimental condition looked
longer at the impossible event, not because they preferred seeing the large dog
next to the visible cover, but because they detected that this dog was t,,o t"rg" to
have been hidden under the cover behind the screen.

9- IN! 'ESTIGATING INFANTS'

Possible Event
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lmpossible Evenl
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FIG. 9. l l .  Schcmatic drawmg o[ the events shown to lhr rnlants rn Barl largtorr
and l)eVos 11992, Exp. 5).

The 12tlz-month-old infants in this last experiment clearly rnade use ol the
vrsible cover to determine which dog could have been hidden under the cover
behind the screen: They were able to detect, with the help of this second cover,
a violation that they failed to detect without it. How did the second cover help
the infants' performance? As n the two-box exlrriments described earher (Bail-
largeon, l99l),  two answers were possible. One was that the second cover
enhanced the infants'quanti tat ive reasoning by providing thenr wrth an exact
reminder of the size of the hidden cover's protuberance. Arrtrecl with this
reminder, the infants were then in a better posit ion t() compute a quanti tat ive
estimate of the size of the object hidden under the cover. The other possibi l i ty
was that the visible cover enabled the infants to use a qualitative approach to
judgrng which dog could have been hrdden under the cover behind the screen,
by comparing each dog to the visible cover.

To decide between tlese two possibrlities, an additional group of l2tlz-month-
old infants was tested in a control condition in which the visible cover was placed
to the left  rather than to the r ight of the screen. In this condit ion, the infants
strll had a reminder of the hidden cover's exa(:t slze, but because the dog was
retrieved to the right of the screen they could no longer compare in a single
glance the visible cover and the small or the large dog. The infants in this condi-
tion looked about equally at the two events. 1'his linding provided evidence that
the infants in the experimental condition detected that the large dog could not
have been hidden under the cover behrnd the screen by directly comparing the
srze of the visible cover to that of the small and the large dogs.

'l-he 
results of these expenments were in nrany wrys strikingly similar to those

of the rotat ing screen exp€nments discussed earl ier (Bai l largeon, l99l ).  Recall
that the 6t/z-m<-rnth-old infants could prcdict quanti tat ively, but the 4rlz-month-
old infants only qualtatrvely, at what pourt the screen would reach the mcluded
box and stop. Similarly, in the present rxpennr( 'nts, tht:  l lJr/ :-nronth-old infants
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courd reason quanti tat ivery'  but the l2rlz-month-ord infants only qual i tat ivery,
about the size of the dog hidden beneath the cover behind the screen.

one explanation for these resurts is that, as infants become ,*.." oi.p..in.vanables affect ing events' outcomes (e.g., the herght and rocation of the ooxin the rotating screen task, or the size Jf the protuberance in the soft covertask)'  they are abre to reason at f i rst quai i tat ively and onry rater quanti tat ivery
about the effect of these variabre. wiy o"u"top,n"nt sh'urd proceed in thismanner is as yet unclear. H'wever, the answer is unrikery a ,""r"" u'i.",r.memory for quantitative information. Recalr that the infants in the rotating;cleen
expenments failed to detect the 5070 vioration when the visibre box was movedslighuy forward of the hidden box, just as the l2rlz-month-ord infants in thepresent experiments failed to rearize that the rarge dog courd not nave be.nunder the hidden cover when the visible cover was praced to the reft of thescreen' Providing the infants with a reminder of the iridden object,, ,ir" *olocation thus djd not improve thgir.nerfgrmance, suggesting that a faurty memorywas not the primary source of their difficulty.

Despite their simirarity, the results of the experiments reported in this sec-tion differ from the resurts of the rotating ...""n 
"*p".,ments 

in one crucnrrespect: They involve much older infants. Th" d6.,rg", .euert"a Uf ii;;_-periments paralrer the one discussed in the rast section. Recau that infants werefound to be abre to reason about the existence ofaknown, hidden object sever-al months before they were able to infer the existence of an unknown hiddenobject. The present results suggest that infants are ajso able to reason (qualita_tively and quantitativery) aboui-the properties J, tno*n hidden object rongbefore they can infer (qualitatively anO qu.ntii.tiuely) the properties of anunknown hidden object. Why are infants very good, frorn - 
"jy;;:;;";;.;ing about what they know, but very poor, unt-l frf" rn the first V"ri, ,,,f"#gwhat they don't know? We return io tnis quertion m the Conclusion.

hrcation' Piaeet (19il) herd that inlants ress than lg months of age areunable to infer the rocation of hidden objects b";;;." they are unabre to inferdisplacements that occur behind rxcrude.r. w" rrr""l*enuy begun experimentsto examine this claim with 'rfants aged l rrlz to l3rrt months. These experimentsare trn preliminary to be described here. The initiar results we have obtained,however.' tentativery suggest that by the end of the frrst year infants are ar-ready able to infer a hidden object's krcation. rr vatio, these resurts would indi_cate that Piaget underestimated the age at which intants uegin to show evidencerf this ability. In addition. the resurti *,,rra rsrin-polnt to a marked ddcaragebetween infants' ability to reason about r.,cations and trajectories they havedirectly witnessed, even after these are hidJ;;';r view, and to infer novel'cations and trajectories. Reca, titat rn tne .,,itri',,". expenments reportecearf ier '  8- '  6t/z-, and even 4-nxrnth-ord inrant. *e?e abre to reason about thlIrration of the box and the trajectory ,rf ,f," .r. U"iind ,h" ,.r""n (Baillargeon,

9 TNVESTI(;ATING TNFANTS' pHystcA[_ KNowLEtx;E Zgf

1986; Baillargeon & DeVos, l99l). Similarly, in the sliding rabbits experiments,
Stlz- md3%-mont}-ord infants were able to reason about each rabbit'i trajectory
behind the screen (Baillargeon & Graber, lgg7; Baillargeon & DeVos, lggl).

Piaget assumed that because young infants courd notinfer invisible displace-
ments, they did not appreciate that occluded objects obey the same physical
laws as visible objects. Arthough piaget may have been right in ctaimini ttrat
young inlants carnot infer hklden trairtories, there is reason to doubt that |ounginfants do not understand that occluded objects folrow the same predictable pat-
terns as visible objects. The infants in the car and the stiding rabbits experi-
ments clearly perceived the car's and the rabbits' displacenrents uehini tre
screen to be constrained by the same raws that apply to visibre dispracements.
In partrcular, the infants berieved that the car and-t-he rabbits moved J.*;;"-
tinuous paths behind the screen just as they did on either side of the screen;
they understood that the car could not roll through the box in its path; and they
assumed that each rabbit retained its height while traveling behind the screen.
Such data support the notion that young infants' inability to make inferences
about hidden objects stems not from a betief that hidden objects' displacements
and interactions with other objects are arbitrary and unpredictable, but from
an incapacity to reason without concrete repreientations of objects and therrproperttes.

WHY THE DISCREPANCY BETWEEN SEARCH
AND NON-SEARCH AS.SESSMENTS
OF OBJECT PERMA}IENCE?

The experiments reported earlier indicated that infants represent the existence
and the location of hidden objects at a very early age. why, then, do infants
fail to search for hidden objects untir 7% to 9 months of agel And why do they
search perseveratively when they begin to search for objeas? m".. i*o qr".-
tions are considered in turn.

Why do Young Infantr Fail to Search
for Hidden Objects?

If infants realize, at 3rlz months of age, that objects continue to exist when hid-
den, why do they fail to search for objects unttrTth to 9 months ot"ge t".g.,Diamond, 1985; wilratts, l9g4)? It is not surprising that 3%-month-ord infants,
whose motor abilities are very rimited, do not engage m search activities, butwhat of older infants? Why do they fail to search for hidden objects?

one possibility is suggested by observations on the development of action
in infancy. Researchers (e.g., Diamond, lggg; piaget, l9S2; Willitts, l9g9) havenoted that it is not untir infants are 7t/z to 9 months of age that tr,"v uegrn to
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coordinate actions directed at separate objects into means-end sequences. Inthese sequences, infants apply one actionio one object so as to create condi_tions under which they can appry another action to another obtct. Exampresof such sequences incrude pur]ing tr," 
""- ""Jlr 

a croth to bring within reacha toy placed on the far end of the cloth, pushing aside a .urf,roi ;; ;; ;,o,visible on the other side of the .urhion,';;;;;;iurg around to the opening ofa transparent box to get a toy placed inside the box. Thus, voung ,f.ii, ,niet,tail to search for hklden objects simply b..;;,,r, task typically requires themto coordinate separate...d":.. on separate objects (e.g., lifting a cloth to geta toy hidden under the cloth).

. . .l'0ry1 for this hypothesis comes from reports that infants do search forhidden objects when they can fino trre.ofitr ut o.no*g direct, as opposedto means-end, actions. First, a number of authors (e.g., Bower & Wishan,1972; Clifton, Rochat, Litovsky, C pud., f9gi,'H*a & Wiltaus, 1986) havefound that young infants read'y search f*;il;lr "hidden,, by darkening theroom. For exarnple, HyO af Willatts 09d) presented S-month-old infantswith an object on the left or the right side withif ieaching distance; the infantswere restrained from reaching for the object. Next, the room rights were turnedoff' the object was removed, and the infants' hands were rereased. Infraredrecordings indicated that the infants reached more often to the side wtr;;;;.,had_seen the object than to the opposite side.
Second, recalr piaget's observatitn mt *r,"n young infants hord an objectout of sight and accidentalry ret go of it, they often stretch their arm to recap-

jT:_1,:^O* of Pnget's protocols involved his son Lauren,, ;;e. ..rfv 
", 

b,iiOLaurenr searches with his hg fgr a dolr he has just ret go. He o*. 
".ilirat.what he is doing but extends his arm in the airectron toward whrch it wasoriented when the object fell', (piaget, 1954, ;3).Finally, young infants search visuany ror ouj.Jtr, as when they anticipate ob-jects'reappeararre from behind occfuders t .g., frilr., Borton, & Darby, l97g;Piaget, 1954). In a similar vein, we rr"". oui*.d that infants who are shownimpossibh events invorving an object r,i raen-uer,ino a screen sometimes reanto the side and attempt to look behind th. ...".n, .. f to verify for themservesthe continued presence of the object.

Thus, it app€ars that young infants do search for hiaden obtcts when they
1n .lgrcn wi0rout produchg means-cnd sequences, by groping ior o4f,. .,;-

leq'. !l $e Oarl or dropped out of sight, 
"i 

Uv p..""g past or around screensthat block their line of vision.
on the strength of this evidence, ret us assume that young inlants performpoorly on most search tasks because these tasks typrcally require them toq.{T." means-end sequences. The next qu".i;;; we must address is: Whydo infants less than Zth to g months of ag" haue aiffi.",, '.J".*;;r;;rasequences? Two generar hypotheses.o,n" tu rnind. one is,to,,iun,, ur" un-able to perform such sequences because of pot-rr motur contrut; the ,ther is that

9 INVESTIGATTNc INFANTS' pHyslcAl KNowLEI)(;Ft 2gB

infants are unable to plan such sequences because of rimited problem sorving
ability.

Studies of young infants' actions provide littre support I'r the first hypothe-
sis. The actions involved in the examples ,f  means-end sequences I have r isted(reach'rg for' grasping, pulling, pushing, rifting, and rereasing objects) falr welr
within the behavioral repertoire of 4- t. z-mt nth,ora infants (Bushnelr, l9g5;
Granrud, 1986; von Hofsten, l9g0; Newell, Scully, Mcl)onald, & tsaillargeon,
1989; Piaget, 1952, l9s4). Furthermore, infants this age seenl to havJlittre
difftulty performing series of acti.ns 'r rapid succession. triaget (1952) descnbed
rn metrculous and delightfur detail how his chrrdren, beginning at 3rlz months of
age, would repeatedly kick, pull, swrng, shake, or str*e,bjects suspended from
the'bassinet hoods, at times systematicalry varying the speed and vigor of the'
achons, and at other times prayf'ly rntermingrrng b.uts of different aJions, such
as pu.lling and shaking or striking and shaking. such ooservatrons are rnconsis_
tent with the hypothesis that young infants' farlure to produce means-end se-
quences stems from inadequate motor skills.

The second hypothesis was that young infants are unabre to plan means-end
sequences because ofproblem solv'rg difficulties. Before discuising the poten-
tral source of these difliculties, let us defrne a few rerms.

Problem solving is frequentJy described in cognitive psychokrgy in terms of
searching a problem space, which consists of various states of a problem. The
goal pursued by the problem solver is referred to as the goal slate andthe initial
situation that faces the problem solver as the initial stute: ovrators are actions
carried out by the problem solver to generate each successiv e inlermediale slate
on the way to the goal (e.g., Anderson, 1985; Mayer, l9g3; Newell  & Simon
t972).

Having established this terminology, we can now consider a typical search
problem situation: A young inlant watches an experimenter hide an attractive
toy under a cover. To what should we attribute the infant's far.lure to search
for the toy? A first possibility is that the infant's goal in the situation drffers
from what the experimenter has 'r mind. Instead of seeking to retneve ,h" ,uy,
the infant may b" pursuing a different, unrelated goal. A second possibility is
that the inlant's representation of the situati<.rns' initial state is inaccurate or
incomplete, making it impossible for the inlant to find a sequence of operators
to retrieve the toy. For example, the infant may represent the existence but
not the location of the hidden toy.

Neither of these two possibilities is likely, h,wever. with respect to the first
possibrlity, there is ample evidence that young inlants reach readily for ob.iects
that are "hidden" by the dark (Clrf ton et al. ,  l99l;  Hood & Wlltat is, l9g6j, as
well  as for objects that are only part ial ly visrble ( l ,raget, 1954). Furthermore.
young lnfants are sonretirnes distrcssed when desred ()bjects are hidden before
them and attenlpt to gr 'sp the objects as s(x)n as thry are even partral ly un-
covered, either by the cxperirrrenter 's 0r by therr own (.han(.e ar;turns lpiaget,
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1954). Such observations are inconsistent with the hypothesis that young rn_fants do not search for hidden objects because they have n, *,;;i; *.!".,them' with respect to the second possibility, it is difficutt, g,u"n ir,"'."*r,*of the experiments I have summarued (e.g., Bailtargeon, 19g6, l9g'a, l99l;Baillargeon & DeVos, l99l; Baillargeon 
"ij., 

1985; Hood & Willatts, 19g6),to believe that young infants' representation of the initia.r conditions ,i **.hsituations courd be seriousry flawed. The resurts of these experiments sug-gest that young infants are abre to represent the exrstence and the rocationof hidden objects and to reason aboui these objects in sophisticated, adurt-like ways' Such findings are not easiry reconcired with the proposar that younginfants fail to retrieve objects hidden behind obstacres becars" ,d- i"*"-sentation of the objects, the obstacres, or the rerations between them isdeficient.
Young infants' representation of the goar state and uritiar state of means_endproblem situations thus seems unrikely io be responsible for their rack of suc-cess in these situations- Another, more rikery po..ruititv is that this h;k ;i ;;.cess retlects difficurties in reasoning about operators-about the actions thatare applied to transform the initiar state inio the goar state. Two g"n"..rhypotheses can be distinguished. First, it mav ue that infants perform poorlyrn means-end situations.because their knowredge of the rerevan, op...io., i.lacking or incomplete. Inlants may not be fuuy aw-are of the preconditions neces-sary for the application of an operator, or ofihe effects ofan operator. For ex-ample, infants may realize that grasping an object wilr resurt i" ir,"r p.....rl"of the object, but not that it wilr a'rso"alter ti.," io.rtrnn of the object rerativeto other objects in the situation. Infants wourd thus be unabre to appreciate whygraspulg the cover praced over. a 

toy wourd bring them croser to achieving theirgoal of recovering the toy; to their minds, gasp;;the cover would result onlyin their holding the cover, not in their g"rtiig 
"i."i. 

to the toy. Second, it maybe that infants are unable to select o, J"in *O."Olr," ,"qr"n.", oio;;;;;,to achieve their goars, even when the rerevant Jp..r,o., and their precondi-tions and effects are well-known to them.
Experiments were conducted to examine the first of the two hypotheses justmentioned' namery, that young infants are unabre to pran means-end search se_quences because 11t6y tack-slfcient knowredg" ,bout the operators or actionsrnvolved in the sequerres (Baillargeon, C."U".]O"Vos, & Btack, 1990). ln theseexperiments, Srlz-month-ord infants were shown events rn which a toy wasplaced in front of, behind' or under an obstacre. rne e*p".,*"nts tested whetherthe infants could distinguis,h between u.tion, tp"Jo.med by an experimenter,shand) that rould resurt in rhe toy's r"t""u"r .nil.lrn, ttrt courd nol. we rea_s.ned that evidence that theinfants courd identify co.rect and incorrect actionsfor the toy's retrievar wourd argue rg",nst tn"iiftn"ri, that young infantscannot plan search sequences because their knowiJoge of the relevant actionsis lacking or incomplete.

I

9. TNVESTIcATTNc INFANTS, pltyslcAl KNowr_ErxtE Zg5

our first experiment examined whether 5r/z-month-old infants are aware that
a direct reaching action is sufficient to retrieve a toy placed in front of an obsta_
cle, but is not sufficient to retrieve a toy placed behind (barrier condition) or
under (cover condition) an obstacle.

The infants in the barrier condition were shown a possibre and an impossibre
test event (see Fig' 9.lz). At the start of each event, the infants saw a toy
bird and a barrier standing side by side at the center of a dispray box. After
a few seconds, a screen was pushed in front of the objects, hidin! them from
view. Next, a hand reached behind the screen's right edge and reap-peared hord-
ing the bird. The only difference between the two events was in the relative
positions of the bird and the barrier at the start of the events. In the possible
event, the barrier was on the left and the bird was on the right, directly acces-
sible to the hand; in the impossible event, the bird was on the left and the bam_
er was on the right, blockhg the hand's access to the bird. prior to the test
events, the infants saw familiarization events designed to acquaint them with
various facets of the events (see Fig. 9.12).

The events shown to the infants in the cover condition were similar to those

Familiarization Events
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FIG 9.12. Schematrc dra*rng of the events shown to the infants m the barrier
condition in Barllargeon et al. 0990, Exp l)
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in the barrier condition except that the bird and the barrier were repraced bya bear and a clear rigid cover (see Fig. 9.13)-in tne possiUte event, the coverwas on the reft and the bear was * tr,. .igi.i, *here it courd be retrieved bythe hand; in the impossibre event, in"-;il;'under the cover and shourdtherefore have been inaccessible to the hand.
The resurts indicated that the 

"rd;; 
;ili two conditions rooked reliabrylonger at the impossibre than at ,h;;sJibilu"nt,,.ug8u.tin8 that they (a)represented the existence_and the location of tf,. tov O,ril;il;;;;;rr"-cle oarrier, cover) behind u* *ru.n; oi;;#; that the direct reaching ac-tion of the hand courd resurt in tr,. *tti"u.r Jirr. ,o, when it stood in frontof, but not behind CIarrier condition) * ;;;i;;"r condirion), the obsracle;and therefore (c) were surprised in n. -p.rsil. event to see the hand reap-pear from behind the screen holding tn.;";. ;"pp.rt for this interpreration wasprovided bv pretest triars yfrlh sh;*",-,rr"i ,rt;fir-r, in the barrier conditiondid not prefer seeing the bird b"'irJ;;;;-rt"u, fronr of the barrier, andthat the infants in the cover condition oia not pr.L, seeing the bear under asopposed to in front of the cover.

The results of this experiment. suggested that,. by 5% months of age, in_fants are aware that a direct reachingitio;t. *;praced behind or unaui- obstacre. our next.r#ffll".liffil:Trl,fjj
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FlG. 9.14. Scherutrc drawrrg of the events shown to the intants m tle ex
penntntal condttnn rn Barllargeon er al. (t9,90, Exp. 2).

rnlants this age know what actions are sufficient to retrieve an object placed
under an obstacle.

The infants agarn saw a possible and an impossible test event (see Fig. 9.14).
At the start of each event, the infants saw two covers placed side by side: On
the left was the clear cover used'r the first expenment and .n the nght was
a small cage. The toy bear used in the first expenment sturd under one ofthe
two covers. Alter a few seconds, a screen was pushed in front of the objects,
hrding them from view. Next, a hand reached behind the screen's nght edge
and reappeared holding the cage. After depositing the cage on the floor of the
apparatus, the hand again reached behrrd the screen and reaplrcared holdurg
the bear. The only difference between the two test events was rn the lmation
of the bear at the start of the events. In the grssible event, the bear was under
the cage and hence could be retneved after the cage was removed. In the im-
possible event, the bear was under the clear cover and hence should stil.l have
been inaccessible to the hand after the cage was renroved. pnor to the test
events, the infants saw familianzation events designed to acquarnt thern with
different facets of the test situation.
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A second group of 5rlz-month-ord infants was tested in a contror conditionidentical to the experimentar condition e*cept that the crear cover was repracedbv a shallow' crear container. The bearis i;;;; upper bodv protruded abovethe rim of the container (see Fig. 9.15). In this lonaition, the bear was arwaysaccessible to the hand after the cage was ."."".0.
The infants in the experimentar condition rooked reriably ronger in the impos-sible than at the possibre event, whereas the infants rn the contror conditiontended to look equalry at the bear-in-cont it*,. -a u," bear-in-cage events. Theseresults indicated that the infants (a) ."p."."*d the existence and the locationof the bear, the cage, and the .1"r, .o""i o.';;";;", behind the screen; (b)understood that the hand's sequen." 

"r 
*iir"r-*rs sufficient to retrieve thebear when it stood under the.ri" o., th;;;;t"r;. but not when it was pracedunder the clear cover; and hen-ce f.l *"." ."rpi.ed rn the impossible eventwhen the hand reappeared holding the bear.

The resurts of these initiar experiments inoicatea that young infants can readiryidentify what actions are ard wirat actions -" 
""i 

*m.*nt to retrieve objectswhose access is btocked by obstacres- w;rd ;;g rnfants be as successfrrrat reasoning about other means_end problemsi To explore this question, we
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have begun experiments on another means-end sequence infants have been found
not to produce untrlTt/z to 9 months of age, namely, pulling one end of a sup_
port to bring within reach an object placed on the opposite end of the support
(e.g., Piaget, 1952; Willatts, 1989).

only one experiment has been completed to date. This experiment tested
whether 6%-month-old infants reatize that pulling the near end of a support is
suffcient to bring within reach an object placed on the far end of the suppon,
but not an object placed next to the support (Baillargeon, DeVos, & Black, l9g).
The infants watched a possible and an impossible test event (see Fig. 9.16).
At the start ofeach event, the infants saw a rigid support (a long, narrow plat-
form covered with brightty colored paper) lymg across the floor of the appara-
tus, and a small toy bear. After a few seconds, a screen was pushed in front
of the obicts, hi<ting them from view. The upper right corner of this screen
was missing, creating a small window. Next, a hand reached behind the screen's
right edge, took hold ofthe support's right end, and pulled it until the bear's
head became visible in the screen window. The hand then reached behind the
screen, grasped the bear, and brought it out from behind the screen. The only
difference between the two test events was in the location of tlre bear at the
start of the event. In the possible event, the bear was placed on the left end
of the support; in the impossible event, the bear was placed on the lloor of the
apparatus, to the left of the support.

The inlants looked reliably longer at the impossible than at the possible event,
suggesting that they (a) represented the existence and the location of the bear

Possible Event

E-!
lmpossible Event

8--
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DeVos, & Black (1992).
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and-the support behind the screen; tbj unOerstooO that pullhg the support wassuffi6ign1 ro bring the bear t" til;;;; 
"i." 

,t. bear stoCI on, uuiiot on,the support; and thus (c) were."tp;;;;."impossiure event to see the bearappear in the window' Support.roi ttri. rr.ro.."*" was provided by preresttrials that indicated that the o,f_t. f,.Jno-iufi
bear-off,as ;;;;;" on the support. 

able preference for seeing the
The findings of the experinreni, pr"..nt"d in this section indicate that in_fants aged sth to 6th months rta"e riitr. attro ,t some situations, at reast)determining what actbns can and what actions cannot resurt in the retnevarof an object praced out oJ reach u"*"rrr .-.""", or at the far end of a suppon.Evidence that young i.f""t, .-]""a]rv ;;;A vafid rneans_end sequencesargues against the hvpothesis that infanis iJ'il o* such sequences because

$il,H:*tge 
of the operators involved in the sequences is inaccurate or rn-

To what, *n, .*{,:* 
?rHT*J1rnq infants, inability to ptan nreans_cndsequences? One possibility, already .ffla.a ,"1 that young infants are urnbleto select or chain appropria.te op.i.to..,-.; in.n th.su are well_known rothem' At reast two expranations coutd be'advancuo ro, tt is inability. one is thatyoung infants lack a subgoaling gutritv-- i#o ," form sequences of oDera-tors such Orat each operatof satisfes.."UgJ-U"t brings inhnts one step closerto their goal. This explarution *u^ u'n?ii"il" ,r,"i,"*,lri.i , ..Jr"#",perform what appear to be intentionar r..iu.iil.uons directed at singte ob_jects' Rn exampre of s,ch a goardirected **; *;*e mrght be inbnts, rerch-ing for and graspns a bottte-, b-gril;ffi.'#"uths, and sucking its nippre.ruget (1952) described.many s€quences of this type. lieverai of his observa-tions involve his children s *ip"ri.. i".t"itr ,".0."0.a from rattles attachedto their bassinet hood. For ur"_ofu, plr,il'rri.O *" following: ,.At 0;3(14)Laurent boks at the ntrre at the;;;il;;'up tr,u 

"tuin. 
He remains im-mobile for a second. TheLfre.tries to grasp tfre cf,ar1 (without tooking at it),brushes it with the back of,his h"rd, ;;;; iui.on*u.. to rook at the ratrewithout nroving his arms. rrr.n r,.'r-n"r,-JJ;.".'t" gentry whire studying theeffect' Afterward he shakes it more il;";;;;rousrv. A smire and exDres-sion of delight" (p. 163). It is very gifft,,tt ,o iri"gln. how an infant migir becapable of such clearlv intentioru,;,*.^ ;l.i,l;* a subgoaling ability. Laur_

:irt:.s 
r:ach'8 for, grasping, and shaking ,f," .fri' are all actions performedm the service of his goal, experienced i",n-ti.l,"rt, of shaking the rartle.A second explarutbn. for'young 

"rf;;'i""i*r, to chain operators inmeans-erd sequences is Uu1 ygqe infan,. po..... . subgoaling ability but havediffcultv with situations in wtrttr th; r;;-;;;."irrh.,.-. wourd put themm apparent conflict with tle achievement or their goar. That is, if infants wantto grasp a toy placed under a cover, or at the far 
"id 

of. cover, then graspingthe cover puts them in apparent conllict. with ,t." t"n of grasping the toy. sirru-larry' reaching around a screen to retrieve an ou;!.t praced behind the screen
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may be difficult for infants because it puts them rn the position of having to reach
away from where they know the object to be.

Exactly why infants have difficulty with these t:onflict situations is unclear.
However, it should be noted that adults often show srn'lar drfficulties. Klahr
(persona.l communication, April 16, 1990) has found that naive adults who are
given the Tower of Hanoi problem will avoid performing moves that are in ap-
parent conllict with their goal, even though these counterintuitive ul()ves are,
in fact, the correct ones. According to this second explanation, then, infants
would be in the same position as adults who, when faced with physica.l problems
whose sofutions require countenntuitive actions, find themselve s able to idenh_
f but not to genelate correct solutions to the problems.

Why do Infants Search in the Wrong Location
for Hidden Objects?

Piaget (1954) attributed inlants'perseverative errors in the AIJ search task to
limitations of their object concept. Infants, piaget maintained, do not conceive
of the hidden object as a separate entity whose displacenrents are regulated
by physica.l laws, but as a thing "at the disposal" of their action: They return
to A after watching the experimenter hide the object at El because they believe
that by repeating their action at A they wiLl again produce the object.

The results reported in the previous sections argued against piaget's interpre-
tation of infants' AB errors. These results indicated that infants aged 4 m<lnths
and older are able to represent and to reason about the location of one or more
hidden objects. Further evidence against piaget's interpretation came from
reports that AB errors rarely occur when infants are:rllowed to search immedi-
ately after the object is hidden at B; errors occur only when inlants are forced
to wait before they search (e.g., Diamond, l98S; Wellman et al. ,  l9g7). Fur-
trermore, the older the inlants, the longer the delay necessary to produce er-
rors (e.8., Diamond, 1985; Fox, Kagan, & Weiskopf, 1979; Gratch, Appel,
Evans, LeCompte, & Wright, 1974; t larns, l9Z3; Mrl ler, Cohen, & H,tt ,  igZO,
wellman et al. ,  1987). Thus, according to Diamond's (19g5) longrtudinal study,
the delay needed to el ici t  AB errors increases at a mean rate. i2 s"crnd, per
mont-h, from less than 2 seconds at 7rlz montrs t, over l0 seconds by 12 months.
There is no obvious way'r which Piaget's theory can explain these findrngs.

In recent years, several interpretations have been proposed for infants' searlh
errors (e.g., tsjork & Cummings, 1984; I) iamond, 1985; Harris, l9g7, l9g9:
Kagan, 1974; Schacter, Moscovitch, Tulving, Mclachlan, & Freedman, l9g6;
Sophian & wellman, 1983; wellman et al. ,  l98z). one hypothesis is that these
errors reflect the linrits of inlants' recall menrory, with increases in the delav
infants tolerate without producing errors ('orresFrnding to r-ncreases in ther re-
tention capacity (e.9., Kagan , 1974). There is a long standing assunrption within
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the field of infant memory (e.g., Bruner, Olver, & Greenfield, 1966; piagcr.
l95l' 1952) that recognitir.rn memory i, p."r"ni during the first weeks of rife,whereas recalJ memory does not U".o,n" op.rriiu" ,nt,t late in infancy. Investi-gations of recognition memory using habituation and preferentia.r-tooirng
paradigms have shown t'at by 5 monihs of age infants ."n ...oeri^'Ji,nuriafter delays of several hours, days, and even Jeeks (e.g., Fagan, 1970, 1973;Martin' 1975)' These data contrast sharply *iih tho." obtained with the ABsearch task and, it wourd seem, give credence to the notion ,tr, .".rtt ,"*u.yemerges long after recognition memory and is at first exceedingt;;d;,'i;.,ing at most a few seconds

There are serious grounds, however, to doubt expranations ofinfants, searcherrors rn terms of a late-emerging and easily disrupted recar.r capacity. rrr"it"on(1988) recently reported experimenta.r evidence that young infants can recall'r-formation after intervars considerabry tong.. tt,.n tnose used in the AB searchtask' In Meltzoff's study, 9-monttr-oru inra"nts *rilr,"o an experimenter performthree actions on novel objer:ts; 24 hours tat"r, tf,"f *e.e grven the same objectsto manipulate' The resurts indicated that harf of the infants spontan""*rr-irJiri"atwo or more of the actions they had observed on the previous day. This fnding(which was supported by findings f.o, .oni.oi *nditions) suggested that oy9 months of age, if not before, infants.rn r".rir nro*don after aZ4-horn deray.The hypothesis that infants' p".r"u".rtiu" ,na .rnoon", search errors reflectthe general limits of their recall memory i. if,ul unU."fy (because infants per_form successfully in different circumstances *i,f, tong". delays), but perhapsthis hypothesis could be revised 1o ."nA", it ,no." plausibte. O;; ;""il ;;;1"that infants' search errors stem from the absence Jr the irnmaturity of a sfcciforecall mechanism that is critical fo. .u.."r, on ir,. na task but not on Mert-zoff's (1988) derayed imitation task. companso;"i;" two tasks suggests sever-al candidate mechanisms. For instance, *," eg L.L requires infants to updatethe information they have.l 
T"Tg.y as the object.s location is changed; nosuch updating is needed in-Mertzoff's tr.l. n im.urty with this particurar can_didate, however, is that infants perform 

""', ";l;; 
AB task with short derays,indicating that they have no trouble updating intoi-r,,on.

A more likery candidate for the specrfic.l."tt'-r"ctanism impricated in in_fants' search errors is an.inability ,r i"rJ rparil i'nto...tion in memory. wehave just seen that infants have rrt,r" aim.uty u;;;t'rformation, and we knowfr.m Mertzofls data that they can hord inftrrmation for rong derays. Infants' search('rrors, rt might be hvpothesized, stem from an inabrliiy ,., ."..".,f, *il.r.lxrth of these tasks at once.
ln recent years, several::r.]gnr of this hy,pothesis have been put forth (e.g.,I)ianrond, 1985; Harris, 1973, 1989; S.h;;;& Mor.ouit.h, 1983; Sophian &Wellman, 1983; WellmanA rr e rro r s,.. u,' ". ir,,i il: "* . I :r,li.T lfi ..,Tffi ; H"T il: X,rfJffi ,,;rng place but can retain this informatitin ,r'r, r.. ii"t derays because of an ex_
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treme sensitivity to proactive interference (e.g., Harris, 1973; Schacter &
Moscovitch, 1983). According to this view, as infants grow older, they become
able to withstand longer and longer delays before the B representation becomes
supplanted by the A representation formed on the previous trial. Another ac-
count maintains that both the A and B representations remain available in
memory. However, infants rapidly forget or dismiss the fact that the B represen-
tation represents the object's current location. When deciding whether the ob-
ject is hidden at A or at B, before engaging in search, infants tend to choose
the prior A location because of an inadequate selectivity rule (e.g., Sophian &
Wellrnan, 1983), of a mistaken attempt to infer the object's current location from
its prior location (e.g., Wellman et al., 1987), or of an undue reliance on long-
term spatial information (e.g., Harris, 1989). In each case it is assumed that
infants are more likely to choose the correct B location when there is no delay
between hiding and search, and that with increasing age, infants choose cor-
rectly over increasingly long delays.

Do infants' search errors stem from some deficient recall memory mechan-
ism? A series of experiments were carried out to examine this hypothesis (Bail-
largeon & Graber, 1988; Baillargeon, DeVos, & Graber, 1989). We reasoned
that if infants are unable to update, hold, and selectively attend to information
about an object's current location, they should perform poorly in anylaskre-
quiring them to keep track of tria.l-to-trial changes in an object's location. The
task we devised was a nonsearch task (see Fig. 9.17). In this task, 8-month-old
infants watched a possible and an impossible test event. At the start of each
event, the infants saw an object standing on one of two identical placemats lo-
cated on either side of the infants' midline. After a few seconds, identical screens
were slid in front of the placemats, hiding the object from the infants' view.
Next, a human hand, wearing a long silver glove and a bracelet of jingle bells,
entered the apparatus through an opening in the right wall and "tiptoed" back
and forth in the area between the right wall and the right screen. After frolick-
ing in this fashion for 15 seconds, the hand reached behind the ngfi! screen and
came out holding the object, shaking it gently until the end of the trial. The only
difference between the two test events was in the location of the object at the
start of the trial. In the possible event, the object stood on the right placemat;
in the impossible event, the object stood on the left placemat, and thus should
not have been able to be retrieved from behind the right screen. The infants
saw the possible and the impossible events on alternate trials (order was, as
always, counterbalanced) until they had completed three pairs of test trials.

The results indicated that the infants looked reliably longer at the impossible
than at the possible event. Furthermore, the infants showed the same pattern
of looking on all three pairs of test trids. In a second experiment, the hand
reached behind the lef screen for the obiect; the position of the object during
the possible (left screen) and the impossible (right screen) events was thus
reversed. The infants again looked reliably longer at the impossible than at the



3(M

Possible Event

BAILLARGEON

lmpossible Event

9. INVESTIcATING INFANTS,pHyslcAl KNowLErx;E l0S

1977; Diamond, 1985; Fox et al. ,  1979; Gratch & Landers, l9?l;  Wellman et
d., 1987). The present results thus cast serious doubts on attempts to explain
infants' search errors in terms of a deficient memory mechanism.

To what, then, should one attr ibute infants'search errors? one possibi l i ty
(suggested by my husband, Jerry DeJong) is that rhese errors reflect problem
solving diffculties caused by the demands of planning search actions. In order
to describe tlus hypothesis, we must first distinguish between two types of
problem solving, which may actually constitute opp.site ends of a single con-
tinuum. one, reactiae type corresponds to situations in which solutions are
produced imnrediately, without conscious reasoning. olxrators stored in memory
and whose conditions of application are satisfied are simply "run off" or ex-
ecuted. An example of such problem solving might be reaching for an <-rbject
whose location is known or driving home along a familiar route. The second,
|lanful type of problem solving corresponds to situations in which solutions
are generated through an active reasomng or computati0n process. An exam-
ple of this second type of problem solving nught be hndrng an object whose kr-
cation can be deduced from available cues or planning a trip to a novel location
It is assumed that because the second type of problem solving is effortful, in-
dividuals use it only when no other avenues are available, preferring, whenever
possible, to rely on previously computed s'luti.ns rather than generate new
ones. Hence, when a problem situation is perceived to be similar to a previous-
ly experienced situation, individuals will attempt to apply the solution computed
n the initial situation, thus engaging in reactive as t-rpposed to planrtrl problem
solving (see Logan, 1988; Suchman, 1987, for interesting discussions of similar
concepts).

To account for infants' performance in the AB search task, we must make
two assumptions. The fust is that, with shorl delays, infants engage in reactive
problem solving: they "run off" an already existing operator to retrieve the
object on both the A and the B tnals. The second assumption is that, with lolg
delays, for reasons that are still unclear, infants cannot use the short-delay oper-
ator. This leads them to perform differentJy on the A and the B tnals. On the
A trial, infants engage in planftrl problem solving: They compute a solution (i.e..
determine where and how to find the object) and store this solution in memory.
On the subsequent B trial, instead of recomputing a solution, infants engage
in reactive problem solving and simply execute the snlution they have just stored
in rnemory, leading to perseverative errors. lt is plausible that the over:rll similar-
ity of the task context in the A and B trials lures inJanrs into thinkrng ..Aha,

I know just what to do here!", and into bhndly applying what is no longer an
appropriate solution.

Two pieces of evidence are consistent with the hypothesis that infants' search
er(rrs reflect not memory limitations but deliciencies in problem solvrng. one
such piece is that infants produce perseverative errors in the At| se:rch task
even when the object is visible at B instead of being hidden at U (e. g. ,  Bremner

Hand mov€s
lor

l 5  seconds

FIG.9.lZ. Schenul
and Graber (lg8g). 

't dt*8 of the events sho*n to the inlants in BaillarSeon

possible event' and did so o.n 
fl three test pairs. Together, the resu.lts of tlesetwo experirnents suggestFi.tlut the 

",f-trGi."g,stered the o,bject,s locationat the start of each trial:-(b)...rurU.*J-,f,i. 
',Jruon 

during the 15 secondstl* t,rd tbtoed back and forth; ,rdi;t;;;;;;; to sec the object retrieved
i:lf*a 

one screen when they rememb"r-Jit to be behind the opposite
In our next experirnents,-we tested g-month-ord infants wit, derays of 30and 70 seconds (Bailarceon, 

.!eVos, & c;;;:l;9). The infants again tookedreliably longer at the impossibre ,r,"" ., ,rr. p..iiL e"ent, indicating that theyremembered the obrect's |oc1tun d"ri"g;;;il 70_second delay.The resurts of these experinrents r."Jrr.J,i"ig-month-ord infants have nodifficulty rememberinc tria.r-to-triai .rr-t . r a'Joblect,s hiding prace after de-lays of 15, 30, and.""-n ''.*.onds. TheJe r"rJir.""o*ted sharpty with thoseobtained with the standard AB task: il;il;;ave found that 8-month-ordinfants typlxlly search perseveratively after a"3_second delay (e.g., Butterworth,
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& Knowles, 1984; Butterworth, 1977; Nielson, l9g2; see Wellman et al., l9g7for review and discussion). This linding creates serious difficulties for memoryaccounts but is easily exprained by the notion that infants, urstead otfrforming
a close ana.lysis of the task situation and computing tt" come.1 ,i;;;:',,"simply repeating a previously successful solution.

The other piece of evidence concerns data corected with tasks where nodemands are made on infants, memory and yet perseverative errors uary ,i_-lar to those obtained in the AB task are touna. i*o such tasks are the locomo-tor-detour tasks designed by Rieser, Doxsey, McCarrell, ,"A gi;k.-(lg8Zl
and by Lockman and pick 09g4). Rieser et j. ftsAzl tested 9-month ;il ,_fants' abitty to use auditory infornution to serect an open as opposed to a brockedroute to get to their mothers. Each infant and his or her motirer ,.t on oppo.it.sides of an opaque barrier; a side barrier stood perpendicurar to the front bam-er on the mother's left or right (the position of ttre sde barrier on each trialwas randomly determined). The front barrier was sufficientry high so 

", 
io n ouboth the mother and the side barrier from the infant. At the start of each triar,the mother asked the infant to join her behind the front barrier. rr," rnoit".,,cals were differentiary reflected on her reft and nght sides because one sidewas open and the other side crosed. The results indicateo $rat on itre irutiar tiarthe infants crawred or warked to the open side to find their mothers, suggestingthat they detected the auditory cues that specifed the rocation or tr,e s-ff uam_er; on subsequent triajs, however, the infants merery repeat.o $,.Lrt - ilhtdirection of their first response. Lockman and pick (19g4) examined l2-month_old infants ability to go around a barrier uy tte.tronest route to get to theirmothers' Each infant and his or.her mothei were positioned on opposite sidesof one end of an opaque barrier (the left and right enOs of the barrier were usedon a.lternate triars). The.infant courd not stei ou". the barrier but courd seethe mother above it. Lockman and pick foundthat on the initiar triar the infantschose the shortest route to go to their mothers; on subsequent trials, however,the infants tended to repeat their first response, gomg to their mothers via thesame side across trials.

The results of these two detour tasks are very similar to those obtained rnthe AB search task with ronger delays. on ttre initrat triar, infants anaryze thetask situation and compute the correct solution (i.e., Oetermine where to findthe object hidden or visibre at A, use auditory.r", io decide which path to therrrn.ther is open and which path is br<rcked, and serect the bamer end that con-stttutes the shortest route to their mother). On the subsequent B trial, however,irrstead of reana.lyzing the situatior and computing a novet sorution, infants sim_ply repeat the solution they perf'rmeo sui."sJfutty on the previous triar.The account of infants' perseverative errors in terms of probrem sorving defi-ciencies possesses two additionar advantages n*, Jt"-rt iue hypotheses. oners that it crntradicts the view that these 
"r.n., 

.." p".uriar responses charac-terrstic of infancy but quite distinct from anything ,hr, o..u^ later in develop_
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ment. On the contrary, it leads us to view infants' perseverative errors on a
continuum with or in the same light as errors produced by older subjects in other
tasks. A number of tasks have been found in which adults perseverate by using
in one context a solution devised or learned in another, superficially similar con-
text. A well-known example of this phenomenon is the Luchins' water jar problem
(A. S. Luchins, 1942; A. S. Luchins & E. H. Luchins, 1950; cited in Mayer,
1983). Another example is the "Moses illusion. " Adult subjects who are asked,
"How many animals of each type did Moses bring on the ark?" usually answer,
"Two, a male and a female," without realizing that Moses was mentioned rather
than Noah (e.g., Reder & Kusbit, l99l); Ross (1984) proviJed related eviderrce.

Children, too, can be lulled by context similarity into producing persevera-
tive responses. An anecdote involving my son Antoine, aged 28 months, illus-
trates this point well. One morning I asked Antoine to play a guessing game
with me; I would describe various obicts and he would guess what they were.
I said I was thinking of an animal with a very, very long neck, and Antoine cor-
rectly guessed a giraffe. I then said I was thinking of something he put on his
feet to go outside to keep his toes warm, and Antoine correctly guessed boots.
Later that day, I asked Antoine to play our guessing game a second time. I first
said I was thinking of an animal with a very, very long neck, and Antoine again
correctly guessed a giraffe. My next question was, "l am thinking of something
you put on hour head when you go outside to keep your ears warm," and An-
toine quickly responded "Boots." Because my son knew the difference between
boots and hats and was familiar with both words, I concluded that he had been
lulled by the sirnilarity in context to rep€at a previously correct but now inap-
propriate solution. Examples of this type are probably extremely common.

Two points about this anecdote are worth nothing. One is that my son was
much quicker, during our second game session, at answering my questions; this
is, of course, exactly what one would expect (shorter latencies) if answers are
retrieved from memory rather than being computed on the spot. The second
is that Antoine did not spontaneously realize he had erred in his answer to the
second question. He did not behave as someone who knew full well the correct
answer was fial but could not inhibit his prior response 6oob. He seemed per-
fecUy satisfied with his answer, and did not change it until I repeated the ques-
tion to him with appropriate exclamations and emphasis.

In brief, what I am claiming is that inlants, like older children and adults, can
be lured by overall context similarity into retrieving previously computed
responses that changes in the context have rendered irnppropriate. The main
difference between infants and older subi:cts, in this account, is that infants
are less likely to notice changes, or to integrate changes in the planning of fu-
ture responses, and so are more prone to perseveration errors. Additional
research is needed to specify the conditions under which infants are likely to
notice contextual changes and to explain how this set of conditions is modified
with age.
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The second advantage that the probrem-solvrng deficiency expranation hasover alternative accounts of infants i AB ;;;;;',, that it can be integrated rera-tively easily with the explanation, d;;.*;; the prernous section, of y'unginfants' feiruss 1r searcrrfor hfi;;;;.:inunr, it is assurned that infantsfail ro search because they are ffi;;;il 
"r"rnr-.na 

sequerrces of actions;and that they search perseveratively, oo. tf,.y beql to...rJ, U..."r" ,n.,are overly inclined (for reasons ttui ar. still unspecified) to rely on previouslycomputed means-end sequences, rather than recompute or replan new ones.Furthermore, in both cases, inf^rir $;th;;ves better abre to identify than
fi "i.ff :.fi 

'ff 
Iff y sequences : ". .;; ;,tu,. ir.rani ; il;dffi'",...

endorsupport.ililil.""";fl ;j.",1ff:'rf*"dunderou't".rc"L.ilnl.r'8ln :r ar., rgs., rdezj; in aodrtrm, t,il-fidH[i:ffiffi'Iffi;after derays of 15, 30, and even zo *."".'.-r"il before ther search correctrywith simitar detays (Bailtarge"" AC..u.., i6db, n"iu"rreon et a.t., 1989).

CONCLUSION

The research sununarizr

*ffii*fiffiffi H'#::"J.5il*Hufr:1#':ffi:ffi;
Object Permanence

When adults r.. - obt:,_fd1rd: another object, they typically assume tharthe occruded object (a) continues to exist behind the occruding obiect; o) re-tains its physical and snatial prop".ti"s; 
"n; 

i;i;;;. subject to physical laws.Piaeet 0954) p.opo."d th"i il;.;rt ;il-;, share adults, betiefs abour
ffrJHr" 

events' and adopt trtese ueitrs inlir"on" over the first two vears
The findings reported 

1_ls 
chapter.clearly contradict piaget,s proposal.consider the many experiments that obtained posrtlve resuits witlr infanrsased 3th to 5% months, 

T.,.o3j3q ;;;;;;ments (Bailtargeon, l987a,I 991, I 9p; Bailtarceon 
:: 

al, 
.1.985j,,h; ;;uil;*.experimenrs (Bailtargeon& DeVos, l99l), G slding rabbit .rp..i*.r,tr't"C*g"on & Graber, 1987;Baillargeon & DeVos, leeli, .;il;;;;ilild experiments (Baiuargeonet al" 1990)' The infants in these .G;;;i;;emed to have no difficurtyrepresenting the existence of one, two, -J."""',rn.e hidden objects. Fur-thermore' the infants reoresented many of the properties of the objects, suchas theu.heisht, tocation, 

1na t.a;".ifr'. ;;;r:';" nfants expected the ob_'ects to behave not in capricious and arbitrary *ry, uu, 'r the same regurar and
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predictable ways as visible objects. In particular, the infants realized that hid-
den objects, like visible objects, cannot move through the space occupied by
other objects and cannot appear at two separate points in space withouf having
traveled from one point to the other.

Thus, it appears that, far from adopting adults' beliefs about occlusion events
tn a stage-like manner over a protracted period of time, infants possess these
beliefs from a very early age. Another way of stating this conclusion is to say
that infants' understanding of occlusion events is qua.litatively similar to that of
older children and adults. This is not to say, of course, that no development
rerrElns to take place. Indeed, we saw several rnstances in which older infants'
performance was distinctly better than that of younger infants. However, these
differences seem to re0ect improvements in infants' physica.l reasorung abili-
ties, rather than changes in infants' conception of occluded objects.

Physical Reasoning

The research reported in this chapter suggests three hypotheses about the de-
velopment of infants' physical reasoning. one is that rn their first pass at under-
standing physica.l events, infants construct general, all-or-none representations
that capture tle essence of the events but few of the details (e.g., a rotatrng
screen will stop when an obstacle is placed in its path; the presence of a pro_
tuberance in a soft cloth cover signals the presence of an object beneath the
cover). These [utia.l, core representations are progressively elaborated as in-
fants identifu variables that are relevant to the events'outcomes (e.g., the lo-
cation, height, and compressibrlity of the obslacles in the path of a rotating screen
can be used to determine at what point the screen will stop; the size of the
protuberance in a cloth cover can be used to judge the size of the object beneath
the cover). Infants incorporate this accrued kn.wledge urto ther reasoning,
resulting in increasingly accurate predictions over tlme.

The second hypothesis is that, rn reasonrng about variables, inlants car rea-
son first qualitatively and only after some time quantitatively about the effects
of these variables. Recall that the 4%-month-old inlants in the rotating screen
experiments (Baillargeon, l99l) and tlre 12Yz-month-old inlants in the soft-cover
experiments (Baillargeon & DeVos, 1992) were able to solve the two-box or
the two-cover tasks before they were able to detect violations in the one-box
or tle one-cover task. It does not seem unreasonable that development should
proceed rn this manner. Indeed, [rfants' success rn generating qualitative solu-
tions to physica.l problems may facilitate their production of quantitative solu-
tirns to the same problems. For example, havurg determined, by using the visible
box, at what point the screen will encounter the crccluded box, infants nught
be in a better position, when the visible box rs removed, to compute a quantita-
t ive estimate of when the screen should stop.
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The foregoing discussion presupposes that infants' approach to rearning aboutphysical events-the representation of core events and the progressive iden-tification of pertinent variables-retects the operation of innate, highry con_strained learning mechanisms that direct iiants' attention io-i.-ii*r*observations and guide the quantitative and qualitative analyses of these obser-vations' The third hypothesis suggested by the present research is that, althoughrnlants' approach to rearning au<rui ttre phisicar wnrrd remains the same through-out infancy, which events are undersiood at which ages depends on a host ofdevelopmental factors. These include inf.r,t.; ,iru"f abilities (what cannot beseen cannot be understood) and motoric capacities (some knowleJe" L"y-rr,."from manipulations that cannot occur unt'infants can reach successftrlry, sit wrthsupport' and so on). rn addition, there are undoubtedry cognitive f.;;l;;r8to do with the deveropment of infants' me.ory and representationar abilities.with respect to the ratter factor, the p."r";l;;.;ch suggests that inlants canreason about objects they have r."n, 
"u"n 

after these objects are hidden fromview, long before they can mafte inferences auoui rriaoen objects. The fact thatyoung infants appear limited to physicar ."asoning based on .on.r",. i"p..Jn-tatrons clearry must restrict th9 range of physical probrems ,h"y ;'r;r;..The three hypotheses described il ,rti. r.J- suggest new directions forresearch on tle development of infants'ptrysicJ rersoning. How do inlants goabout forming representations of core 
";";;t;;* do they identify variabresthat are relevant to these events? How do tr,.y o."tr. qualitative and quantita-tive strategies for reasoning about the .ff;.t. ; these variabres? Do infantsintegrate their representatig-ns.-of_9ve"t.? ii;;; how should these networksof representations be described? Finally, *h"i;; the senso.imo;;;;tive factors that interact with infants' rpp-..tt a rearning about the physicarworld to yield the knowledge revealed in ,t* pi*r"n, experiments?

Search

Researchers have identified two distinct stages in the earry deveropment of in-fants' search behavior: l'rior to about zt/z mlnths of age, infants do not searchfor.bjects they have obr*::g beurg hidden, ,na pno, to about 12 months ofage' infants do search for hidden obyects uui it"-iJp..rormance is fragire and.asily disrupted by task factors, such as the introduction of a delay betweenhrding and retrieval' According to the argume"ir or, tnn in this chapter, both.f these stages refrect rimitations in probrem soiving. During the first stage,rnfants are unabre to pran means-end sequences, such as search sequences,grssrbly because the performance o[ the mean. f 
".g., 

grasping a cover) placesthenr in an apparent conflict with the ,.r,i"u"r"ni'of their goar (grasping thet.y beneath the cover). I)uring. the second stage, infants d";;;[;;J;;search sequences but are overry inclined, unaJ.."a* conditions, to..p"ul
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previously planned sequerrces rather than to compute new and context-sensitive
sequences. Interestingly, at each stage infants show themselves able to eualu-
ale correct sequences even when they cannot genelate them. Specifically, in-
fants can identify correct sequences for the retrieval of a hidden object long
before they spontaneously produce these sequences. Similarly, infants can iden-
tify context-appropriate searches after delays of 15, 30, and even 70 seconds
long before they produce correct searches at comparable delays.

A salient aspect of the explanations proposed here is that they appeal to
problem solving limitations that have already been identified in children and adults.
Adults often have difficulty solving physical problems whose solutions depend
on moves that are counterintuitive in that they appear to take one farther away
from one's goal. Furthermore, adults can be lulled by overall context similarity
in applying a previous solution that is no longer appropriate. Finally, in all these
instances, adults typically have little diffculty recognizing accurate solutions,
even when they have failed to generate them.

The general picture suggested by the present research is, thus, one in which
the physical world of infants appears very similar to that of adults: Not only do
infants and adults share many of the same beliefs and show many of the same
physical reasoning abifities, but these abilities seem limited in the same ways.

Final Remarke

The research presented in this chapter is interesting for three reasons. One
is that it yields a picture of infants as budding intuitive physicists, capable of
detecting, interpreting, and predicting physi<d outcomes, which is radically differ-
ent from the traditional portrayd of young infants as enclosed within a world
in which an object is "a mere image which reenters the void as soon as it van-
ishes, and emerges from it for no objective reason"(Piaget, 1954, p. ll). Another
reason is that it suggests several new directions for research on infants' acqui-
sition and representation of physical knowledge and on the manifestation of this
knowledge in tasks calling for manual and non-manual responses. The third rea-
son is that, as we discover how infants attain, represent, and use physical
knowledge, we come one step closer to understanding the central issue of the
origins of human cognition.
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