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Physical reasoning in young infants: Seeking
explanations for impossible events

Renée Baillargeon*
Department of Psychology, University of Illinots, 603 E. Daniel, Champaign, IL 61820, USA

There is now considerable evidence that infants are surprised when shown
impossible events that violate their beliefs about objects, as indexed by reliably
greater looking times at these events than at possible events that are consistent with
their beliefs. Do infants also attempt, as older children and adults do, to generate
explanations for these impossible events? Data from our laboratory provide
intriguing hints that infants, like older children and adults, strive to reconcile what
they observe with what they believe. This evidence comes from experiments in
which infants were presented with an impossible and a possible event and were
found not to show the typical preference for the impossible event. Five examples are
presented, involving infants aged 3 to 10 months, and ranging over several facets of
infants’ physical reasoning. It is argued in each case that infants’ failure to look
preferentially at the impossible event stems from their having arrived at some
explanation for the event. In some instances, infants’ explanations appear to be
entirely self-produced, as when infants spontaneously posit hidden objects to make
sense of otherwise impossible events. In other examples, infants’ explanations
appear to depend on additional clues provided, either deliberately or inadvertently,
by the experimental situation. Despite these superficial differences, however, the
examples are all related in suggesting that infants, like older children and adults,
actively seek explanations for inconsistencies in their world.

In recent years, investigators have given increasing attention to the study of infants’
understanding of the physical world (see Baillargeon, 1993, in press , b; Spelke, 1988,
1991; Spelke, Breinlinger, Macomber & Jacobson, 1992, for recent reviews). One of the
paradigms frequently used by researchers to uncover the nature of infants’ expectations
about objects is the violation-of-expectation paradigm. In a typical experiment, infants
see two test events: a possible and an impossible event. The possible event is consistent
with the expectation examined in the experiment; the impossible event, in contrast,
violates this expectation. The reasoning is that if infants possess the expectation being
tested, they will be surprised by the impossible but not the possible event. Because
infants’ surprise at an event typically manifests itself by prolonged attention to the event,
it is assumed that, if infants are surprised by the impossible event, they will look reliably
longer at it than at the possible event.

With the help of this methodology, investigators have been able to demonstrate
considerable physical knowledge on the part of young infants. For example, we now
know that young infants understand that objects continue to exist when out of sight (e.g.
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uoym astrdins pasprew YuM paloear s10a(qns 119yl Jey3 paiiodsi sioyine Iy, "Yoo[q
uapoom & £q pardnooo aoeds a3 ydnoiyy 21e101 03 paseadde wLaIdS B YOTYM T JUIAD
s[qissodwur ue YA USIPIYO p[O-Iedd-§ pue -¢ pasuasaid (ye61) Spuofe] R II[puey))

¢s3UdA 3[qissoduur 1oy suoneue[dxs ¥29s syueyur O(]

*s100(qo
1910 £q pardnooo aoeds o3 y3nosys ssowr Jouued $309(qo Jeys pue 1y3Is Jo N0 USI?AA
1STXD 01 INUNUOD $193(qO 18y} ‘A[oWeu ‘s309(q0 INOGE SJII[2q SINPE JO 0M] ISEI] 1B JIBYS
Apeaape syuejur a3e Jo syauow ' £q 1EY3 PIIEIIPUT SN IUSWLIAAXD SIY) JO SIMNSAI YT,
“J83q oY
gurp[oy usaxos a3 puryaq wouy readdeas puey oty 93s 03 30243 F[qissodut oy ur pastadins
219 (2) 92UdY pue $12403 Te3]0 a3 £q pardnodo aoeds oy y3noayy saow Jou PInod JE3q
oY) pUE pUEY Y2 1EYI POOISIOPUN (¢) {UIIIS SYI PUIY] ‘SUONIEIO] JWES JIIYD UI “ISIXI
01 PaNUNUOD IIUTEIUOD 10 JIA0D 33 puE 9381 Y1 “TEq Y3 JEYI PIASI[A] (¥) SIUEFUT 31 JE[)
pa1eDTpUI S1[Nsax 259y ‘JoYyIa80 ], 'UMOYs 213M £33 SIUSAD 3593 01 Y3 Ie A[[enba 1noqe
PO¥OO] UOTITPUOD [O1UOD 3} UT SJUBJUT Y3 SEAIYA U4 d[qIssod Y1 Ie uel) JUdAd
a[qissodwur oty 18 J93u0] A[qEI[a1 PIYOO] UOHIPUOD [elUsWLRdXe Y3 UT syuejur oY,
"pasowax sem 93ed dy3 Ja3ye
pUeY Y1 01 J[qISSIONE SABM[E SEAL T8I ) “UONIPUOD SIYI U] "WILI § JIUIEIUOD I} IA0E
papnnioxd £poq xaddn pue pesy s esq 9y, Iouresuod mojfeys ‘Jea> e £q paoedos sem
13402 132 Y3 183 3d90%3 UONIPUOd JeruswIadxa Y3 03 [eonUIPT sea Iy ([oued JoM0]
¢ -81, 235) UONIPUOD [ONIUOD & UT P33$31 SEM SIUBJUI P[O-YIuow-¢°G Jo dnoid puooass y
"paAOWIDI SEM
235 91 I91JE PUEY SY3 03 I[QISSIOVLUT U] IATY [[IS P[NOYS SIYI PUE JUIAI I JO 1JelS
91 1€ 19400 I3[ Y3 JOpUN St Jeaq oY eyl 3d90Xa 1U2A3 9qIssod ay3 01 [eonIUAPI SEM
U942 d[qrssodwr Sy T, 18aq Y1 YA ‘YOI PU0D3S 3Y3 Uo pue 93ed ays yaa pareaddeas
pUEY 9Y1 “YIEAI ISIY 9Y3 UO {UOISSIOONS UT 3011 33Pa Y31 §,Ud310S Y3 PUIYaq PIydeas
puey pa4o[d & “IXoN] "MITA WOIJ SIOA0D OMI Y3 IPIY 03 PIsTe) SEM UIVIOS & ‘SPUOIIS
A} B 1213y *23eD 91 OPISUT J[qISIA SeA Teaq 401 © 5360 © sea 3y311 9y U0 pue 19400 onse|d
1e3[0 B SEA 1J3] 21 UO :9pTs £q 9pis pade[d $19400 OM) MES SIUBJUL Y QUS4 d[qrssod
oy jo areas oy 1y [ 311 jo (oued saddn oy ut pazordap s1uaas sfqissoduur oy pue d[qrssod
1 UMOYS I9M SIUBJUT P[O-YIUOW-G'G (0661 “77 12 U0SIe[req) JusWddXa SIY) U]
*s100[qo Jo Anpiqensuadun oy3 pue
sousueurrad o qroq areroaxdde syuejur Suno4 1eY3 20USPIAS ‘ST IBYI ‘SWIE]D IS JO O.M)
1811 942 J0J 25UapIA? papiaoid yeys Juswrodxs ue 9quosap [ria | ‘wdrpesed uoneradxs
-JO-UOTIE[OTA a3 9eNSN[[T O, (€661 JPqUIOdE]N 2@ Uosqode[ ‘xodururorg ‘suowrug
‘ssﬂadg ‘€661 ‘eqQas R IPY ‘uosqooef ‘a}l[adg Y661 ‘€661 ‘Todre[Rg 29 WEYPIIN
{(2661) SOA(I X weypasN ‘uoadre[ieq {0661 ‘sIowwng-ojuel] 2 uoadre[req -3-9)
110ddns anoyirm s[qeas urewoar Jouued $309{qo 1eY3 pue (Z661 “77 12 9¥2dS {/861 FoqEID)
2 uodBre[reg 1661 SOAI(Q R Uoddre[req ‘9g6] ‘voadreqeq ‘3+9) syred snonunuod
Ajreneds Suofe aaow $192(qo 183 (g661 “77 72 9¥12dS {0661 ‘G861 77 12 u0IZIE[IEY (1661
‘SO A(] 2 uoadre|[red {1661 ‘G/861 ‘9861 ‘U0adIe[req 3-9) s109(qo 1o30 st doeds oures
a3 Adno0 10uues $192(qo 38y (z661 “77 12 9Y2dS 9861 ‘wnequasay R dY[dS ‘G861
‘UBULIISSE M\ X a}Hedg ‘uoaSJeH}Bg ‘0661 o[ R SOA9( ‘IoqeIn) ‘uos&tem’eg /861
‘Joqeto) ¢ uoddie[ieq ‘1661 ‘SOAd X uoadre[red ‘1661 ‘47/861 ‘9861 ‘uoadreeg

u0a3ivpvg 22Uy 01



11

Physical reasoning in young infants

“(0661) ‘77 12 ©O331E[TRgG UL ﬁumm SIU242 1531 22 JO SurmeIp SnEWYdg [ 3Indiy

o] eben-ul-leag
SUE=REETN

UOIIPUOY) |041U0D

i

weng ejqissodw|

uaAg 8|qIssSod
) SIUOAT 1531
uonpuo) |eluswisdxgy



-u22125) Joy10ue UT syuefur oy T, *(snyesedde ot jo [ea Yoeq oy ur soop UIPpIY € y3noiy
Apsnonndoxins Jjop parys & paonponur Jusuiadxe ue) 1u2A3 [qissodurr oy uT S[jop
20J11 puE AuaAd 9[qrssod oY1 UT S[JOP 0M1 JO AO0J € [BIAT O PIISMO] U3 SEA UIIIOS 9Y ],
"U99I0S Y} puryaq panisodap 1 YOIy M [OP STuIY, [[eUs B SUTAIIED W) YOBD “UOISSIOONS
ur 2013 snaeredde oy paseius puey paso[3d e axaN ‘smeiedde oy3 Jo UONOIS A1V
A1rdura 513 9prY 01 PISTEI SeM UIIIS B IUIAD YOI JO 1Iels 91 3y 7 “317 jo Joued 101 o
ut p2301dap s1u943 s[qrssodur oy pue d[qissod oY1 mes syuejuI 3y, (4661 ‘OUBUEISUOD) X
ID[[TAL “uoaSre[[reg) US2IOS B PUIYS] USPPIY §199(qO JO JIDqUINU PUE 0UIISIXD Y3 JUIsa1da1
01 L11[Iqe S1uByUI p[O-YIUOW-(] PIUTWEXS 183 S1udwTiadxs woij sawod odwexa 11 9y T,

jjop uappiy v 3umnsoq | ajdwvxy

sJuU2A3 J0J suonjeue[dxs sonpoid Ljsnosuejuods ued syueuI JEY) DUIPIAY

"PlOM JIo3 UT
$90U91SISUOOUT J0] suoneue[dxs 3995 A[9A1IOR ‘SyNpe pue USIP[IYD J9P[O Y] ‘SIUBJUT 18]
3unsa83ns ur parepa1 [fe 2xe so]dwrexs oY) ‘19Adm0Y ‘SI0UISJJIP 3sa13 a31dsa(T “paroadxaun
A[pinua sem AN[Iqe STY1 SOOURISUI JOYIO UT Seatoym ‘sjuswiiadxs ay3 jo ulisap ay3 ur
paredionue Aprordxs sem s1uaA3 a3 Joj suoneue[dxs 91e19U3 03 AII[IGE SIUEFUI SOOUEISUT
owos ut Jey ut JRJIp Joyaing sajdurexs oy, ‘3uruoseas reorsAyd syuejur jo syooey spdnnuw
1040 28uer pue sypuow O] 03 ¢ pade syuejur dajoAuT so[dwExa 2AY Y3 JoyIAd0], "san|d
[euonIppe Yua (A[7ua1IoApeur Jo A[91eI9qI[ap JOY31e) papraoid uaym os pIp A[Ipess ‘Umo
119y uo suoneue[dxa a1esousd 01 s[qeuUn YSnoy: ‘sueyul YoTYA UT SUOHENIIS JO so[durexs
0] SSNOSTP T ‘0011095 JUIMO[[Of Y3 U] "SIUSAD 10§ suoneuqua QOHPOJd Alsnosumuods
01 paseadde syuejur yorym ur suonenas Jo sajdurexs 3.1y Juaso1d ] U0mId3s 3XU Y3 U]
"JUSAD O3 10§ uopeueldxe ouIOs 18 paAllie 3U]ABI{ I19Y) 03 paquiose
oq Apre[rus [ 1u2A2 a[qrssodwr ay3 01 asuodsas [eord4ye sjurgur ‘mofaq sajdurexa 3y jo
yoea uf “soopdexn e paureruod snieredde oy3 3eys ‘passong Lpaerpawwi 10 ‘usmouy L3y pey
390[q 241 Y3n0Iy1 238301 UII0S 31 395 01 pastadns uaaq 2AeY p[nom 3puo[e] 3 J[puey)
70 5190(qns 911 381 [NJIGNOP $T1 9[dWEXD JOF {PIALIIUOD 134 A1 MOV JO SNOTISTOD UM
s3uas3 3¢ asudins moys 10u op AJ[eord£1 synpe pue ULIPTIYD) IUA3 Y3 Jof uoneue[dxd
ue 51e10ud8 01 9[qE SuIaq IIBYI WOIJ PAWWIS 1U2A3 [qissoduit oY1 I& A[[erusisgpid Joo]
03 2In[rej SyuejuUIIEY) PanSIe aq [[1A 11 358D Yoea U] *14a43 d[qissod oy 1240 d[qIssodwr a1
30§ 9oua19§21d [e21d A1 91 MO 03 J0u PUNOY 2124 PUE JUAAS J[qIssod € pue J[qissodur ue
A paruasard 919M SIUEJUT YOIy A UT SIUSWIIIAXD WIOTF SIUIOD 30UIPIAD ST T, *9431[q A
TR A YITM 9AT2SQO AST[3 3B M I[IOUOIIT OF JALIIS SIUBFUI ‘SINPE PUL UIP[IYD JOPO IHI] VT3
siurg Sum3rnur apraoid Lioreroqe] Ino woij BIR(] ¢$IuAd [qissodurr Jof suoneuedxd
o9 syuejur gt 1s333ns 03 UAYEI 9Q P[NOD JBYI DUIPIAD JAYIO UYL S] "W 210Jq
sosnieredde oy Surrofdxa £q sxomsue J0j yoIess 01 sjqeun £[[eord£3 axe syueyul Opuofe]
2Q JO[pUEYL) JO ISOY1 SE [oNS s392(qns JPJO IYI[U[ ¢ SIUIAD 959Y3 10§ suonEue[dxd 91e10U03
01 1duwrone os[e siuBjuUI Op Ing 's3109(qO INOQE SPSIR] YD IJL[OIA 1Y) SIUIAD UMOYS
uoym pastidins axe suejur 12y $35333ns UONO9S SNOTAId 9Y3 UT PIMITAT 2DUIPIAI YT,
(68 °d) ulsrueqoaux Jo0p dex1 Y3 PaIdA0ISIP A[[ENIUIAD
pue, ‘os urop woij paruaadxd 103uof ou usym  snyeredde oy 230[dxd 01 s38IS ATIYY WOy
P31[0q, USIP[IYD 211 JO [[& AJ[EN1IIA JEY3 PIIEITPUT SIOYINE 3Y) L1242.M0Y ‘sUONOEdI astxduns
95913 01 PaNIWI] 30U 21om sasuodsar s uIpYd oY, (68 "d) s9[3318 pue sdsed a[qrpne
‘sa3e1 2[qnOp [ed1ILAY) ‘saxeIs Apeaq ‘sahs paddng, Aq paouapIAd SE YUAAD STYI UMOYS

u0aBuvIvg 29UIY 71



13

Physical reasoning in young infants

($661) 77 12 UOSIe[[TEg UL PIsN SIUSAS 1591 9Y3 JO JUIMEIp ONLWAYIS *7 2Ny

JUBAT 9|qiSsOd JUBAT 9|qISSOd

uonlpuo) dn-useiog UOIHIPUCD UMOpP-UB8Iog



‘poreaddeas pue usards oy Jo a3ps auo 18 pareaddestp 31qqes syp fusssos v g papnjoo0
SeM 2I1UID 2SOUYM OB [LIUOZLIOY t SUOE Y310} PUE Jorq PI[s 1eYl 31qqes L01 B yiim
PoZLIBI[IUE] 2I0M STUBJUT 33 YuawLIadxa auo U] *(£86] ‘Ioqeis) @ Uod3Ie[Ieq) s109(qo
uoppIy jo A10109(ex1 pue 1YJ1aY OOUNSIXS oY1 JU2saIda1 01 AN[IqE SIVEUT P[O-YITOW-G'G
pouTWEXa 18y} SIUSWLIIAXI SIAJOAUT UOTIOIS SIY) UT PIQLIdSIP 9q 031 ddwexs puodas oY,

1nqqpi uapprq v Sunsoq g ajdwrxy

"SJAT[2q JI9Y1 YIIA JUIISTSUOD A[OI1IUI JUIAD
UE 01UT $199(qO INOE SJOT[aq JI9Y3} PIIE[OIA JABY ISTAISYIO P[NOA TEY] JUIAS UB WLIOJSUED)
01 9]qE T4 UONTPUOd dN-UIIOS SY) UT SIUBJUT SY3 ‘JUIAS 33 JO 1JEIS Y3 IE UIAIOS 3
puryaq poois Apesije Jjop e 1eys Surwnsse g *9Ad1[3q LY 1B [PIM IAIISO LoT1 ey M
oMu0221 01 1dwene ‘syNpe YN ‘SIULJUT Tyl 30UIPIAd p1aoid (4661 77 12 UOIBIE[IEG
:syuowrradxa [euonippe ur pasedrjdes arom Yorym) juswiadxa sty jo s3urpuy oyf,
*Ju9Ad o[qissodu
oyn 1 asudins o[qera1 pamoys 1 esousd 03 APYIun S19m snyl pue uoneue[dxd
STy Surprpraruod uonewWIONUT Passassod oYM ‘UOBIPUOD UMOP-UAIOS Y3 UI SIUEfuT
a1 AJUQ "IU2A3 Y3 JO 1IEIS AY) T UIIIOS Y3 PUIYI] POOIS APEI[E [[OP SUO 1EY1 PIWNSSE
Aoy nuead sty Joj uoneuedxo e PalONIISUOO AJIpeal uonipuod dn-udsios oY1 uI
s1ueyuT a1 “1u243 d[qissodwr oy Susas wodn ey st pandre 3uraq SIIBYM AIEINDI O],
“JU9Ad STY3 J& ostrdins ST pamoys (g) 90USY pue JudAd d]qissodwr ayp jo
11€1S 311 1B UIIDS 3Y) PUTYaq 1uasa1d U2aq 9ATY ISNW [[OP [EUOTIIPPE AUO JEYL PIPN[IUOD
(v) syuejur asoyy ‘s[jop om1 Jo AeIIe Ue UT PIANSII dAEY PNOYS UIDIIS SY1 PuIydq
[[op Jaypoue uayy pue suo Juroe[d ey3 pareroaadde osfe uonipuod dn-uss1os oy uT syUEFUT
oy ySnoyae QIOWISYIIN] "S[[OP 99IYl [EAI O3 PIISMO[ SEAM UIIIOS AYI UM 1UAD
aqissodur oy ut pasudins 210 (g) 90UY PUE S[[OP 0M3 O 138 & 3onpoid p[noys usaxds
oY1 puryaq [[op Joyoue uayl pue J[op suo Junisodsp ey pooisiopun (¥) UOUIPUOD
UMOP-UI9I0S I3 UI SIULJUT OY2 JeY3 PIILDTPUI SIMSII ISIYT, "SIUIAS 0M) I 3e A[renbo
¥0O[ 01 papua1 uonIpuod dn-usaIds Y3 U SIUEJUT I SEAISYM QUaAd J[qIssod oy Ie
wey ofqrssoduur aty3 1€ 193U0] A[qRI[21 PIYOO] UOHIPUOD UMOP-UIIIOS SYI UT SIULJUT Y],
‘Bursadins WS p[NOM 1U2AI JIYIIDU 95N ‘SIUIAd J[qIssod
o pue sqissodwr ay3 1e A[jenbs y00] pinoys syuefur 3 OsEO J933E] YA U] ‘(SIUIAD Y
jo oameu 2y udAIS ‘a[qrsne[d ssa[oY119AU seA UonEUE[dXd STYI 1091100UT Y3NOYD) 1UIAD
93 JO 1IEIS Y1 1B UIDIIS Y3 puryaq Juasard usaq Apeasfe dABY IsnLUI S[[OP Y3 JO dUO I
‘s[[op 22412 jo Aeire oy Sureas uodn 9pnpOU0d IYSTUI UOTIPUOD dN-USAIOS AU UT SJuEFUT
oY1 181 S[QEATIIUOD SEM 1T ‘pUEY IIYI0 Y} UQ ‘UODIPUOD UMOP-UIIS Y} UT SjUefUl
a3 Jo 18 03 [2oNUIPI 2q 3yru ouEWIOfId 191} PUEY SUO Y3 UQ) "UONIPUOd dn-udaIos
oY UT SIUBJUT O3 WOAJ 10900 03 JBYm IIAIMOY ‘UTEIIID SSI I3 4\ IU43 d[qrssod at
Je UB1 U4 d[qissodurt 3y 3¢ 103uo] A[qeI[o1 JOO] 210213 P[NOYS SIUBJUT 3Y1 {S[[OP 3243
[£9A31 01 PAIDMO] SEA UIIIDS IY) WY 2UAd d[qrssoduut o3 ut pasudians oq p[noys 4oy
UL ‘S[[OP 0M1 JO ABLIE U UT PAI[NSII UIIIOS 33 PUIYa] [[OP JSYIOUE UIY1 PUE [[OP JUO JO
UOTIIPPE 9Y1 IBY2 PIZI[E3J (¢) PUL U3IIS YY) PUIYSq P3Isodap sem 11 10148 ISIXD 01 pINunIuod
[[OP Y22 1eY3 P243T]aq (#) UOMIPUOD UMOP-UIIIDS U3 UT SYUEUT A1 JT 181 PIUOSEIT I
‘(oued 1y8u1 ‘g 31y 99s) L3dwo sea ULIOS A3 PUTYRQ BAIE S IEYD 335 JOU
PIp sauejur a1 123 05 “dn Apeaife usaI0s Ay LM U] $IUDAD Y2 ‘uondadxd A0 YIm
‘UOTIIPUOd (UMOP-UIDIDS) 1SIY Y UI STUBJUT IY3 ST SIUIAD 1531 UILS oY1 MES UONIPUod (dn

u0aivjivg 22Uay +1



Physical reasoning in young infants 15

after an appropriate interval, at other edge (see Fig. 3). On alternate trials, the infants saw
a short or a tall rabbit slide along the track. Following familiarization, the midsection of
the screen’s upper half was removed, creating a large window. The infants then saw a
possible and an impossible test event. In the possible event, the short rabbit moved back
and forth along the track; this rabbit was shorter than the window’s lower edge and so
did not appear in the window when passing behind the screen. In the impossible event,
the tall rabbit moved 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. To produce this
event, as well as the other test and familiarization events, two identical rabbits were used:
one rabbit moved from the left end of the track to the left edge of the screen and stopped
just inside this edge; another, identical rabbit then emerged from the right edge of the
screen and travelled to the right end of the track.

The infants tended to look equally at the short- and the tall-rabbit familiarization
events but looked reliably longer at the impossible test event than at the possible test
event. These results indicated that the infants (a) believed that each rabbit continued to
exist behind the screen; () realized that each rabbit retained its height behind the screen;
(c) assumed that each rabbit pursued its trajectory behind the screen; and hence (d)
expected the tall rabbit to appear in the screen window and were surprised that it did not.

The results of the experiment also indicated that the infants were impervious to the
auditory clues that signaled how the familiarization and test events were produced.
Whereas a distinct metallic noise could be heard during the visible portions of the tall or
the short rabbit’s trajectory, on either side of the screen, no noise was heard after each
rabbit disappeared behind the screen. To naive adults who watched the events, the
absence of noise during the occluded portion of each rabbit’s trajectory provided a
powerful hint that two separate rabbits were involved in the events, one travelling to the
left and the other to the right of the screen. The fact that the 5.5-month-old infants in the
experiment appeared unaware of these auditory clues was not unexpected, however,
given prior reports that young infants do not make use of available sound clues to track
or locate occluded objects (e.g. Meicler & Gratch, 1980; Nelson, 1971; Piaget, 1954).

Although the infants in the experiment were unable to infer that two distinct rabbits
were used to produce the impossible event, the results of another, unpublished
experiment suggest that, under some conditions, 5.5-month-old infants can sponta-
neously generate such an explanation. The infants in this experiment (see Fig. 4) saw the
short-rabbit familiarization event used in the first experiment. Next, the infants watched
a possible and an impossible test event. The possible event was the same as that shown to
the infants in the first experiment. The impossible event was identical to the possible
event with one exception: the window was at the bottom rather than at the top of the
screen. In this event, the short rabbit should have appeared in the window when passing
behind the screen; it did not, however, do so. As before, two identical rabbits were used
to produce the familiarization and test events.’

! For details of apparatus, events and procedure, the reader is referred to Baillargeon & Graber (1987, Expt 1). Subjects
in the experiment were 12 infants ranging in age from 4 months 29 days to 6 months 1 day (M = 5 months 10 days).
Three additional infants were eliminated, two because of fussiness and one because of drowsiness. The infants saw the
short-rabbit familiarization event on four successive trials; they then watched the possible and the impossible test
event on alternate trials until they had completed four pairs of test trials (order of presentation of the two test events
was counterbalanced across subjects). Three infants completed only six test trials because of fussiness, but were still
included in the data analyses.
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Figure 5. Mean looking times of the infants in the tall/short-rabbit and the upper/lower-window
experiments at the impossible and the possible events.

they believe. By assuming that two different rabbits were involved in the impossible
event, the infants were able to transform an event that would otherwise have contradicted
their beliefs about objects into an event entirely consistent with these beliefs.”
Second, the discrepancy between the results of the upper/lower-window and the tall/
short-rabbit experiments suggests that infants’ success at generating an explanation for a
given impossible event does not ensure that they will be able to do the same when shown
another, even highly similar impossible event. Why did the infants in the tall/short-
rabbit experiment fail to posit the existence of a second tall rabbit? Is it that these infants
were led by the experimental context to perceive that the tall rabbit in the impossible
event was behaving as though it were shorter while behind the screen, and so were led to
puzzle over inexplicable deformations or shrinkages, rather than to guess at the existence
of a second, identical rabbit? Could the infants have been given additional clues that

5 Experiments are planned to gather additional evidence for the conclusion that the infants in the upper/lower-
window experiment readily inferred, upon seeing the impossible event, that two short rabbits were used to produce the
event. In one experiment, for example, the infants will see the same familiarization and test events as the infants in the
upper/lower-window experiment, except that the screen will lay flat against the floor of the apparatus, towards the
infants, at the start of each trial; only one short rabbit will be visible, in the starting position at the left end of the track.
After a few seconds, the screen will be raised, and the events will proceed as before. The infants in this experiment will
thus be given information contradicting the hypothesis that two rabbits were used to produce the impossible event. We
expect that, because the infants will lack a tenable explanation for the impossible event, they will now show reliable
surprise at this event.
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Figure 7. Schematic drawing of the orientation and test events used in Needham & Baillargeon (1994, Expt 1).
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event, whereas the infants in the control condition looked about equally at the two test
events. Together, these results suggested that the infants (2) believed that the box could
not remain stable without support and hence (&) expected the box to fall when it was
pushed off the platform and were surprised that it did not.

Let us now turn to the results obtained with the 3.5-month-old infants. Unlike the
younger infants, these infants tended to look equally at the impossible and the possible
events. One interpretation of this negative finding was that, like the 10- and 5.5-month-
old infants in the preceding examples, these 3.5-month-old infants were generating an
explanation for the violation shown in the impossible event. The question was: what
explanation were the infants producing? There were multiple clues in the experimental
situation that the box had a hidden means of support. The box was mounted on a
metallic rod that slid along a metallic track; the movements of the box were thus
correlated with a soft but noticeable metallic noise. In addition, the box moved along a
perfectly regular, straight path that was somewhat inconsistent with its being merely
pushed by a finger (that is, some deviations might have been expected across
repetitions). However, it seemed highly improbable that the infants were using these
clues since the 6.5-month-old infants in the first support experiment were clearly
impervious to them (recall that they showed a reliable preference for the impossible
over the possible event).

It then occurred to us that perhaps the 3.5-month-old infants in the second experiment
were assuming that (2) because the hand’s index finger was the only object in contact
with the box when it was suspended in mid-air, the finger must be supporting the box;
and (b) because the finger could not ensure the box’s support merely by touching it (a fact
that even the 3-month-old infants seemed to understand), the finger must now be
attached to the box.

Further analyses provided evidence for this hypothesis. Although the 3.5-month-old
infants in the experimental condition tended to look equally at the impossible and
possible events, their mean looking time at these events (M = 42.3) was found to be
reliably greater than their mean looking time at the control test events (M = 31.9), and to
be statistically equal to the mean looking time of the 3-month-old infants in the
experimental condition at the impossible event (M = 44.8). These data suggested that the
3.5-month-old infants in the experimental condition (2) believed that the box could not
remain stable without support; () concluded that the box must now be attached to the
finger; (c) were puzzled by this state of affairs since the box and the finger had clearly
been separate during the orientation trial given prior to the test trials; and hence (d)
perceived both the impossible and the possible events (in which the box and the finger
were now mysteriously attached) as surprising.

Did the 3.5-month-old infants in the experimental condition believe that the box
remained stable when pushed off the platform because it was now attached to the hand’s
finger? To answer this question, we tested an additional group of 3.5-month-old infants
in a condition identical to the experimental condition, with one exception. In each test
event, after pushing the box to the end of its trajectory, the hand bent its index finger so
that it was no longer in contact with the box (see Fig. 8). The infants in this condition
were thus given information in the test events contradicting the hypothesis that the finger
was attached to the box.
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the fact that the box did not fall when pushed off the platform. True, the infants then had
to wonder how the finger and the box, seen to be separate in the orientation trial, could
have become attached during the test trials. Nevertheless, the very fact that infants as
young as 3.5 months of age should attempt to explain events suggests that, from a very
early age, infants strive to preserve their beliefs about the world.

Second, the present results point to developmental differences in infants’ explanations
for events. The 3-, 3.5- and 6.5-month-old infants in the experiments discussed in this
example responded very differently to the events they were shown. Further research is
needed to shed light on the various factors (e.g. physical knowledge, problem-solving
ability) that affect (4) whether infants are able to generate explanations for events; (b)
what the content of these explanations is likely to be; and (c) how these answers change
with age.

Evidence that infants can make use of clues to generate explanations for events

In the preceding section I presented three examples of situations in which infants
appeared to spontaneously generate explanations for events. In this section, I discuss two
examples of situations in which infants were found to take advantage of clues provided
by the experimental situation (deliberately in the first example, inadvertently in the
second) to make sense of events.

Example 1: A tale of two rabbits

Recall that in the tall/short-rabbit experiment described in the previous section
(Baillargeon & Graber, 1987), the infants showed reliable surprise when the tall rabbit
failed to appear in the screen window, despite the fact that auditory clues pointed to how
this impossible event was produced. In a further experiment, we sought to establish
whether 5.5-month-old infants could take advantage of a very different hint to recognize
how the impossible event was contrived. In this experiment (Baillargeon & Graber, 1987,
Expt 2), 5.5-month-old infants were assigned to one of two conditions. The infants in the
standard condition were tested with a procedure similar to that in the first experiment;
the infants in the pretest condition saw the same familiarization and test events as the
infants in the standard condition, with one exception: prior to the familiarization events,
the infants received two pretest trials in which they saw two short or two tall rabbits
standing motionless on either side of the windowless familiarization screen (see Fig. 9).
The infants saw the two short rabbits in one trial and the two tall rabbits in the other trial,
with order of presentation counterbalanced.

As expected, the infants in the standard condition looked reliably longer at the
impossible than at the possible event; in contrast, the infants in the pretest condition
tended to look equally at the two events. These results suggest that the infants in the
pretest condition made use of the information presented in the pretest trials and
understood that the tall rabbit did not appear in the screen window in the impossible
event because it did not travel the distance behind the screen; instead, two identical
rabbits travelled along the track, one to the left and the other to the right of the screen.
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pairs) by the impossible event but () this surprise response disappeared (e.g. on the last
two test pairs) after the infants were provided with an appropriate hint.

An experiment by Spelke & Kestenbaum (1986) could be taken to suggest that hints
to infants about impossible events may be effective even retrospectively. In this
experiment, 4-month-old infants were habituated to a cylinder that slid from left to
right along a track. The midsection of the track was partly hidden by two screens
separated by a gap. The cylinder disappeared behind the left edge of the left screen and
reappeared some time later from behind the right edge of the right screen, without
having appeared between the two screens. The infants were thus habituated to an
impossible event. Following habituation, the screens were removed, and the infants saw
two test events. In one, two cylinders travelled along the track; one cylinder had the
same trajectory as the cylinder seen to the left of the screen in the habituation event,
and the other cylinder had the same trajectory as the cylinder seen to the right of the
screen in the habituation event. In the other test event, a single cylinder moved along
the track, following either one of the trajectories (left or right) seen in the first test
event. The results indicated that the infants looked reliably longer at the second than at
the first test event. The authors took these results to mean that the infants () assumed,
upon secing the habituation event, that two distinct cylinders were used to produce the
event, one travelling to the left and the other to the right of the two screens, and hence
(b) were surprised when the screens were removed to see a single cylinder travelling
along the track. However, the data are also open to another interpretation: it could be
that the infants were puzzled by the habituation event, and only recognized that two
cylinders were used to create it when shown the two-cylinder test event. If the
explanation offered by Spelke & Kestenbaum is correct, it would suggest that infants as
young as 4 months of age are able to spontaneously posit hidden objects to make sense
of events that would otherwise be in violation of their beliefs about the world. If the
alternative interpetation just proposed is correct, it would suggest that hints given even
after infants are exposed to impossible events can be used to generate explanations for
the events.®

The results presented in this example suggest that it may be possible to design
experiments in which infants are found to use hints to make sense of events they initially
view as surprising. Like the evidence discussed in the previous section, such evidence
would be useful in demonstrating that infants, like older children and adults, actively
seek explanations for events that violate their beliefs about objects: even when unable to
generate such explanations on their own, infants would readily take advantage of
available hints to do so.

¢ Spelke & Kestenbaum (1986) included in their figures habituation data from () infants who saw an event in which
the cylinder did not appear between the screens and (b) infants who saw an event in which the cylinder did appear
between the two screens. Visual examination of the data suggests that the two groups were comparable, supporting
their interpretation of the test data. Caution is needed in interpreting these habituation results, however, because only
the data from the last six trials are included in the figures. If the infants typically received many more trials (the average
number is not reported), whatever surprise the infants experienced at the cylinder’s failure to appear between the
screens could be difficult to discern after several trials (even adults become blasé after seeing 30 rabbits pulled out of a

hat).
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Experimental Condition

Possible Event Impossible Event

Control Condition

Full-overlap Event Partial-overlap Event

Figure 10. Schematic drawing of the test events used in Baillargeon & Raschke (in preparation).

supported and hence (b) expect the box to fall in the impossible event and are surprised
that it does not.

These results give weight to the hypothesis that the 9.5-month-old infants in our initial
experiment failed to prefer the impossible event because they were able to use the clues
present in the experimental situation to infer an explanation for the event. Only when
faced with an impossible event from which most clues had been removed did the infants
show reliable surprise at the event.

To bolster the above conclusion, additional experiments are needed to determine
exactly which clues the 9.5-month-old infants in the initial experiment (and the
subsequent pilot experiments) used to produce an explanation for the impossible event.
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hints are infants able to use to arrive at explanations for events? The 5.5-month-old
infants in the tall/short-rabbit experiment were unable to use the available auditory clues
to make sense of the impossible event; however, they readily understood how this event
was contrived after seeing the two tall, stationary rabbits. Finally, how do the answers to
these questions change with development? Comparison of the performances of the 6.5-
and 9.5-month-old infants in our support experiments, for example, suggests that the
older but not the younger infants were sensitive to the auditory and visual clues
contained in the events.

Beyond these more immediate suggestions for future research, the results reviewed in
this paper also have broader implications for our conception of infants’ physical
reasoning. Consider the picture that is suggested by the present results—one in which
infants are seen to be busily interpreting events in terms of their store of physical
knowledge and, when inconsistencies arise, to be actively seeking solutions reconciling
their observations with their beliefs. This picture is strikingly different from more
traditional conceptions of infants’ physical reasoning, in two respects. First, it grants far
more physical knowledge to infants than was previously done: the infants in the present
experiments clearly believed, for example, that objects continue to exist when hidden,
that objects cannot occupy the same space as other objects, that objects cannot appear at
two separate points in space without having travelled the distance between them, and that
objects cannot remain stable without support. Second, the picture suggested by the
present results assumes that infants’ interpretation of physical events involves a
conceptual analysis similar to that engaged in by older children and adults. The 10-
month-old infants in the first example presented did not merely process each doll’s
gradual occlusion at the screen edge to signal the doll’s continued existence behind the
screen; the infants spontaneously posited the presence of a third doll behind the screen to
make sense of the events they were watching. Such observations are difficult to reconcile
with the notion that infants’ interpretation of events is limited to the detection and
processing of perceptual invariants; these observations are easily understood, however,
in a model that views infants, like older children and adults, as engaging in a knowledge-
based, conceptual analysis of the physical world.
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