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Our abilitli to nlukc scnse of others' actions rcsts in largo piirt on

our ability to understatcl thcr nretrtal statcs thuf uttdcrlie these

acticlus. Critical to this understanding is the recoguition that rnental

sratcs sometirnes conflic:t r.vith r:cality. Tlius. r.ve r:enlize Lhat l..ittlc

Rcd ftiding Ilotld blithely appLoacltos the r.volf lying in lvait in her

glu.ndmtlthcl's bccl, drcssc,d in a cap and nightgown, bccause shc is

dcceived by this disguise and misl"trkenly pcrceii'cs the ra'r.rl{'as hcr
gtrandnrothcr. IIerL:, wc a-rk lt,hsll.ls:1 14.5-rnonli-old inl..ants i'calize

that a n;rivc agcnt looking at a rrljslcading l';tirrlulu$ nray ialsely

perceive it as one object wherr it is in jact another.

Dg.r,eloprneptal psy,chglogists have lorrg been ilttcrested in un-

covering the erirly ro()ls of aclults' ability to attribute utental states

to othcrs. lvluch of this rcsearcli has involvccl sinrple scones irt

rvhich un ir.gcnt acts on olrjects in u singlc setting artd has examinecl

childrou's abrility to reason about trvo kinds of iutemal statcs:

flotivdion{!1. s'rrtru,r', suc}t as dispositiorts and gc.lals, rvhich spccifo

the agent's rx.otivatiort in th.e sccne, itttcl irtfltnnal:ittnai si:ntcs. such

as perccpl.ions and belicfs, r.vhich spccilLy thc al1erlt's infrrrntatjott

about the setting (e.g., Gergelrv, Nirdascly, Csibizi. & llir'6, 1995;

Kuhlrtc: icr,  Wynn, & I l ioonr, 2001; Lcsl ie, 1994; Prcnrack, 1990;

Song. Ilaillaigeon, & Fishc:r, 2005; \\ioodra'art1, 1998)"

Experirrrents focusing on rnotivational stat$s have revealed that

dveo your)g infants can atribute dispositions ancl goals to othcls
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(e.g., Csibra, ?.008; Csibra, Ciergr:ly, Bir6, Kaos, & tsrcrclcbank.

1999; Flarrilin, !V3rps, p Uloorn, 20071 .lol:usorr, Oir, & Luer, 2{107;

Kii^nrerani, Ka{o, Kanda. Irhiguro. & I"lir.iki, 2005; t.,uo & i:}ail-

Iar;-rcon, 2005; tiong & flaillargcron, 20tJ7; Wooihvard" 1998). For

exarnple, after r.vatching an agent rcpeate{"1ly roach for{Jbiect A as

oppo$ed to Ob.iec:t B ifl a settiilg, 5-rlLontl:-olds attfibute to the

agerlt a pal'ticular dislrt.rsiti*n. a pr:cibrencs lirr Objcct z\ uver

Object [3. When t]re objects' poriition$ are reversetJ. in1;rnls exp,lcl

thc af,nnt ln rcach fbr: Object A in its ncrv position, anrl thoy looli

reliably lon-ser if thc agont reaches for Object B instead (Luo &

Baillar.geon, 2005; WoocirvaLd. I 998).
.ln conl]'ast, cxpcrim€nt$ :l:ocu*ing ou inlrrt"rna{jonal statcs have

lcvcaled a strikjng devc:lopmonl.al shilt havini; tn do with chil-

rilcn's ability to aifi:ibutc two iiifJblont kinds of infcrrnrilticual

states to irga]]t{ r e {r L i.t } - c o n B r u e n t irnd r e a l i t.,- - i nc o try r u t t t t stat{s.

Il.eality-corrgruent informationul states spllci fy \,vhai ac(rurutc

injtrrn:ation an agcnt poiisriNsc$ ot" lirck$ about a sc':tting. and thcy

allor.v childrcn to t1<:al rv'it]: situalions wh.sro tlo agent's l'(tpl:oscn-

tati.tu of the sot{i.ng is incomplcte: Iior exiintpl.r:, the a;r,ctrt is

ignorant about thc presonce ot localiotr of arr object iu thc setting'

Ii.ecerrt re*earcli irrdicates that b5i the enri <f the first,r'ear, inf:rntx

k.ecp tr:ack oll what objccts arr age:nt oan of crlnilol see and has oi'

has not secn in a setting. anrl they intctpt'et the itgent's nciions

accurdingly (e.11.. firooirs & lvlcltzol:i, ?005; Caron. Ifiel, Dayton,

& Butler, 2002; Liszkowski, Carpenter'. Sttiuuo, & Tonrasc.llo,

2006; Liszkoivski, CeLrpent*r'. &'lbmastllo, ?{Xi7; Luo & }3ai}lar-

geon, 2007; l..,uu &.lbhnson, in prcss; Tornase:llo & Ir{abcrl, 20{)3).

Thus, 12.5-rrronl.h-olds lvho wilJcir atl iigcnt rcpeatedll" roiich fb.r:

Object A over Obiect B tlo not al{.t'ibute to tho agenl a preiotence

for Olrject A if Objer:t B is hidden tiom thr: :igont by a scret:o;

how{-.r,er, they do attritrute such a pteftrence if the ageut is aware

ol'Obieirt I3's plesence bchind thc sorcx)n, beoauiic thc agcnl saw it

there esrlier 1l.,uo & Ba.illa::geon. 2007).

R.rlality-inccxrgruent infill:inafion al stittes slrccil-v wlta t inaccu-

rate inforrnalion an agent posjsessos about a setting aud allorv

chikiren to deal rvith situatien$ where the ug{int'r; retr)re$entilliot} of'

lhe setting is lo1 nrelely incompiete hut kil.sr:: For cxarrrplc, thc
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ilgent holds a false beliel' abont the locatictu or cultents ot an

object. or the agent perceives a rrrisleading stirrtulus as one ob.iect

rvhen i! is in lact another. 
'I'(r 

reason correctly atroLrt the agent's

actions in such situzLtions, children cannot sintply identify thtrso

aspects of the setting about which the agent is iglorrint, as 'nvith

leality-congruent states; rathcr, childrelt ulusl speci{.v how the

agent actua.llv rcpl:csents the sctfing. For oxan:plc. if th* agcnt

btrlir.lvcs that an ob.ject is hidden in Looation A r'vhen it is in fafi

hidtlcn in l.,ocation B, noting tho{ the agent is ig.norant ab<lut tht:

objecl's current bcalir:n is nttt sulljcicnt 1o prcdicl tht: agclrt'ri

actions: 1o tlo so, chiidrcn lnust *spccii).' that thr: agenl hcliovc-.s lhe

object is in Lociition A. 
'lb 

iitlr-ibutc i1 r."eali{v-incongrucnt sluts t{)

afl agent, childrerr rmst thus be able to hold in rnincl two clistiuct

versions {}f the setting: ons that corr-espurds ft) reality 1as thev

c$r$tlue it) and one that cc)rrcsponds to thc agcrnt's lalse rtrpresen-

tation. Lkrtil recenily, it rvas generally' assnmecl that this ability did

not flnergo until about.l -vozus of zrge (e.g., I'llavell. 193f3; Coplik

& Wellrrran. 199.4: Perncr, 199-5; Welhan. Cross, & Watson,

2001 ; for cxccpiions, ssc l.,cslie, I 987. 2000; Premack & Prcmack,

I 995).
The cvidencc firr- young childlen's difliicr"rlty ivtitlr rcality-

iircongr.ucn{: inlbr'mittional ritatcs has conre prinadly t'r<xn .laL'se'
beliel'an<l l'a!,se-pe x-eption tasks (c.g.. Copnik & Astingtor:, 19tlB;

fvloole, Purc. & F'urrow" 1990; Pclncr', l,cc:kanr, & Winrncr, 1987;

Wirnnrer'  & I)erner, 19831. tn a false-bel ief t tsk (e.g., Barotr-
(-'oheu, Leslie, & Itrrith, 1985), chilclren listen to a story rlnitclc.d

rvith props: A t'ilst charactcr hidcs a toy il-l Location A anci lctrves;

i.vhilc hc or she is gonc, a secoud chutactet'lnoves the toy tt)

I-ociriion B. When askcd rvhcle tltc filst chatactct'rvill loolt fbr thc:

toy. rnc):it  -year-oltis ctx'rcirtly point {o l.,ocation A; in conrlasi,

nrost -l-ysar-olds point to L,ocation R. strggesting that they do not

un{lcrslalld that thc filst characttt rl'i1l holtl a firlso bcliefabout thtl

toy's location. Sirr i lar: ly, in a falsc-pcrccption task (c.g., Gopnik &

,r\stington, 198li), clrildrcn exlrloi-e a fakc obicct. sLterh as a spongc

lhat looks like a rock. Whcn askc:d how thc obicct will appc:il'to

a naivr'. agent, rnost 3-year-olds detrtotlstrate rro unclcrstanci.iug that

the. agrnt will bc rnjsl()d by the ob.iect's appearance.

llvidenc:e 1i'cun novcl 1'zilsc'beliel'tasks, designcd t() ti4) riporlta-

neons ralhei thal clicited responses, stlggcsts that the abilily to

attlibuto reality-incongruent infolltlational states lnay cln(rrge oaF

licr than previously thoright {e.g., Cletaents & Perner, 1994; On-

ishi & Barillargcon. 2005; Song, Onishi, Baillar:geon. & Fishor:. in

prcrss; Southgatc, Senju, & Csibra, 2007a; Surjan, Claltli, & Spcr-

bc,r. 208'l\. Sonre of these novel task.s uscti thc violilliou-t:f'-

cxpcctalion (VOLi) rncthorl. r.vhich rclic*r on in:t-ants' tendenoy to

look krngcr zi1 cvenlr{ that violal.e as opposcd to oon{irtr tlrcir

expc:ctalions. Fol exitnrple. Onishi and []aillargcon (2005) gavc

I 5-rrx>nth-olds iliniliiLrizatiorr trials in tvhich un agenl hid a trt;' in

Locatiorr A as opposccl to Locatiorr B. Nert, tlt$ toy trtovecl tcr

Lot:at iou.B in the agen!'s absence. Irr the tei; t  tr iai ,  the agent

retur"ned and reached lbl eithcr locatlon. f'he infants rvho sau'the

zigeirt reach tbr Location B loolted reliably longer than those rvho

saw the agent reach for Location A. This and olher results su-9-

ltcsted that tlre infanis rsralizeri ttrai, beca.use the agcnt had not scen

thc toy rlove to L,rtcation B, shc still bcli()ved the toy to bc irl

L..ocution.A; as a result, ihey expectcd ihe agcnt trl lcach fbt:

l.,ocation .r\ :rnC werc: sulpriscd rvlren she reached f<>r [,i.rca{ion ]l}

instc:;rd (r,vc prc:scnt altcruativc intcrplel?itions tha{ harrc bocn ofr

itrcd firr thcse lindings in the Discussion section).

'I'he 
plesent research songht ner,v evid.ence that inlLeuts in the

srxontl yeir r:t. Life can rr:as<rrr al:i.rul rca.li.ty-inmnl{ruent infir.r:rna-

tii:nul slaies. f'o succeed at the novcl lalsc-belie{ task* *iltcti earlier,

intirnts haei to unclerstancl that tho agent hcld a false belief about the

krcation oj' ;r hid<lcr: obiect; to sucr:ecd :Lf lh* novr;l lalse-

perception tasl< ustlcl hcle, infiuts had to unil*stiutcl that tlte agolt

1i:rmccl a 1;rlse perception o{'a visiblc obiei:t.

Ilarticipants u'ere 14.S-rnou*r-olds, arrcl they terc test*cl rvitlt

ths V0ll method. IJecarise iniants' linrited knon4cdge niade the

use of ke {bjects rrnp|acfica}, we c:hose a cijil'eren{ experirnental

zq:pr:oach: Thr: ag.ent filst sarv an ob-iect and latcr: encountcred a

box rvith a part sirnilir to a portiorr of the ol{ecl" pr'<:lruding fiorrr

ilndcr''its ljd. Wc loasonetl fhat ovidenoc il:)at inf'autti *txp*cted tht:

agent to ruistakerr.ly pelceive the parl as trelonging to the oltj*ct

lvonld support lhe claim that the *Lbility to attribute r:elili{.y-

incongnrent iuforrrratiorral $tates is alr,::adrv pr$$e,nt in thtr st:concl
yeur of lilb.

l)esigl

'I'he 
irrlzrrrts lverc. assjgned t<> a lirlse- or a h'ue-perceJrtiou c<tn-

dition (s*r Figulo 1). A1l infirnts roceivctl four fiin:ilia.rization

t.rials. one box-oricntation trial, irnd onc t$st {:ria[; caclr tr:ial con'

sisied of an initial and a final ;rhas*.
1,t'r thc.fltuili<n'i:ation trirls. a lbnrale ulti",rll $at at a windorv in

ther back r.r,all of an apparatus and laceil t\.vo toys: a cloth doll rvith

bluc woolen hair and a stul,led sk.unk. In the first tlvo trials, car:ir

toy sal in flont of a sniall mat, witit tfre rjoll on tire lett and thc

slcunk on the right; in ll:c last. t.r.vo trials, 1llre ntats rvere t'eplac:cd

"r'ith 
shallorv boxes, and the toys' locatiorts were rcversed. Dnriltg

the iniliul ph;rse of each trial (which last*i abott lfJ s), art cx.per^

irnenter's gloved hands rc:rchecl irrto the appafattls tltrottgh a win-

clorv in the r.iirht wull. pl;rced oactr l.oy on its nral ol insitle i{.s

shallow hox. arrd tlren lelt. Next, the ager( graspeci the doll and

then pauscd. During thc final phase, thr: iniants rvatchcd th.is

pansed scene until thil trial eucled. 
'Ilhe i:rrniliarizatiorr fiiuls served

to cstablish ttrat (a) a tloll and u. sk.uul* i,vero priliiont in caoh tdal;
(b) the trvo tol"s could ap;:car iu ciil'lbrent lociitions (1e11 or rigltt)

iurd arraugernents (on mat$ or inside troxes); ancl ic) the agent

allviiys reachc<1 lirr the doll, suggcsting that shc plct"c.r:re<1 it over'

the skurk.
lln thc box-orit:ntatkn. trial, thc agcnt rvas cither ithscnt (hcr

window r,r'as closed u'ith trvo small ck:orsl liilse-perceptiott c-'oncli-

tion) or pr$scnt (truc-pcrceptior: condi{ion)^'lllvo tall boxcs slr:rocl

on the appafatus floor rvith their'lids upsicle-clorvui the lrlfi box had

u plair: lid, *r:d the riglrt box had a tuilt of blne hair sjnrjlar to tl:e

cloll's hair attacheri to its lici's interior srirl'aoe. Iluring the irritial

phase (ivhich lusi<xi aborit 2{i s)" thc gL:ved ha.nds n.ltatsrl thc lid ilf

the l:air box tive lirrres artcl finally pLaceii it upright t>n tlLc box; the

nrfi of hair thcn lrung bcir,r,cen the i\t'o trox*s. Next, the gJt.tvod

hiurds perltrlrnerd the satne ilctiorl$ on the licl of the plain box and

then l*fi. During thc f,inal phast:, the infiints lvalchcd this srnne:

nntil the trial e.nded. 'I'he box-orierrtlt:ion trial served to estublish

that the hair box had a tuft of hair attached to its 1id.

llr thc rer.rt trfuL, l:he doll sat jn lri:nt of lhc plain [rox. alrd the

skunk sat in li'orrt of the hair box. During thi] initinl phtlscr (t'hich

l;rst.ed aboul. 28 s), lir: glovcd hanr:ls hid tie doll insicle thc plilin

lrl{utr R[,PORTij



bo,r. hid thc skrrnk insido thc hair box. artd tltcn left. In th,.r

tlue-percr:ptiou contlition, thc agettt wus Ffesent dLrring the hiri'irtg

of tfro t<'rys. In tho tirlso-perceptiolt condition, the ugcnt r,vas zibscnt;

;tltei'tfre gloved harrds leii, she optrtled the cloors in her windoi.v. In

both conditions, the agenl then -r,rusped thc l<rtob zitaached to the lid

of t.he plain blrx (plair:-box event) or the lrilir box (hair-box cvent)

and paLrsetl. Duling the final phase, the infirnts t'atched this pitusi:d

sq'cut '  r i i l t i l  thc fr ial  endctl .

Wt-: rctrsoitcd that iJ thc inlants in thc: lalsc-pcrccption condition

lcalizcd that thc agent rvas likely' (a) to nii;takcnly pcrccivc llrc tulll

o1'hair as a part of'the doll an<I hcnce (h) to rnistakc:nly roncluclc

thaf thc clollwar hicldeu in thc hail bo,< and thc skunk rvas hiclden

iu the piain box, then they should expeL:t the agent to reach l'or tlte

hirir br,rx.'l'he inJirrrts wlt(> s:n\, 1[1s plsiu-box event sl:oulci lhu.s look

leliabl-v longct than those who sarv the hair-box event. Couvclsclv,

the infatts iu rhe true-pelcoptiott condition should expect the agent

to rcach tirr the plain box, where she har-l secn the doll being

hiddcn. The intirnts n'ho sarv the hair-box cvcnt stroultl thus ltlol<

leliably krngcr than thosc rvho sa,"v the plain-box evcnt.l

;\ilditional in*urts wert: teriied ill a sliuuk e.'ipcrir:loni identical t<l

thc ckrll crlpcr.irncnt,iust dcscribcd, cxocpt that {tc agcnt 1'cpcatcdlY

rcach*d Jirr lhc skunk during the j:rnriliirization tdals. suggesting
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t lle.liiers nright wr:nder lvhuth*r Lh* br:x+rienLuion lr:iil.l rvas neoessar!'

il1 either Lhe ilalse- or'the trilej]elcel:tion rx.rndition: Afier a.ll, the irtlitnLs--

i?nd lhe a,geilt in the tTue-percepli.ori contlitirxt-could see irl the lesi lriiil.

u'hen 1he glttvecl haricls hid tlie skunk in tho hair ixlx, thnt the titii of hair

was sirnply iLttachecl to tlri, box's lid. Out concern (supportt-,d by piiot dala)

was that this brief gl.imlrse of the box's lid mighl not bo siullicient ilr tl ']e

inflnis tr: iidequirleiy eni:orle ihe tui.i ul. hair, especially gii/el1 iiltlt it. calre

in the midst of ir conrlrlex $vcnf seqllellce wirh a grtxrt ilcal <.r1. new

infirrnration: Not only were nelv boxes r.tsed, hut the ini'attls also hlrd frl

kcep lrack ol u,h()r:.r each toy was hiclclen. We speculat*cl thtit ilttroducing

thc ttrft ol liair in a separate box-orientatlt.in trial ruight rechce the itill*lts'

inl'ouuatiou-prlocessing loild iu the test tlial ond ditis iticreas* thc likelihoo.i

cll. thei.r sti:r:ess (for a sintlllr appr:*rh, iJee, e.g.. Onishi" I3a:illirrger:n' &:

L.,esiie, ?007; Song ef fll.,20[],5). Would it have bcen pr:ss:ibli: in tht:

tftre-perceptiou crlrrditiort to h.tve the illtell[ be irbsett 1'or the box-

orisnl*tion trial, as in the lalse-Lrelisl'coilc1ititln'? As n 1irsl st*p. it seotttecl

sinrple| lo havc the agent rerrlaitt ior: ajl tdalst ho|et,er. futrrre research

conhi exirmine whether irdants in the tnl*l-1rerceptiou condition lvoulcl stiil

resl:ond in fhe sarne miinner ii {b.e atient rvas abscnl dr.rring the box-

ori.enta.tion trial (e.g., inf.anls nrighf. require ttsepsi:afe inlroduclion to 111e

tuit {)1 hair i:rri nrinht rssur.-ne lhal the ageilt doos nuii.

Bl1ttrr l{trJt()RTS

False-perception

FamiliarizationT.ials :1. and 2

Familiarizalion Trials 3 and 4

Condition

Box-orientation Trial

[T=:TII]]l -ir,ji|i
I L_ - J fil l l | :- lwjii i
lu[^u FU]+
Test Trial
Plain-bor Evenl

IT:-]TI
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Figure L familialization, box-or'ientati0n, nnd tost e\'0uls sl$!vu in tlre trlse-p,:rqeptittn lleft panel) attcl

rlug-pcrcepriOn (right pailel) conditions ol tlre d<lll e.tperirlunt. Iil the false-lterceptiotl cordition, dre agelt was

absent dgring titc box-orienration tlill and cluring tirc lriding of the doll and sktink in tire test tlial; in the

i t .ue-pi : t :cep| i r ' ln i : r :ndi t iorr , thea' :eniwaspresenr ' |hrou'1h0l t |1 |e i l : | 'a ]s.
totheeventS'sc( ,nd-b.y.se00ndscr ip{s.an1elr0n0n1eberr tsol ' t |yonce1)cr ,59i)nd.A0amel: i lmOIJn
ndxr to the iniiurL prqjected an iruage (t' tile evefiis onft.r a T\r sc:reert in ;r dil'l?rent pai't ol' thLi lsst roolut; 11

supervisttl nul:itored !he cvdltts lrt conlimr that they follov,cd lhe presclibeci scr:ipts. At the stoit tlf the flrst twcr

fauiliarizatiol1 trials. eaclr toy sal ur a dot centerocl 4..5 crlr in front ol'a Srec|l J)ral; lhij two l]lal$ rested 9.5 ctu

ilpirrt. 14 cm in iiont of thc bai;k ivall and 4 cil liom the Light rvall.'I 'he il.qcut sal al the wirlclow in the brtck rvall

r:l the appirraiirs, ivith her hands i.n lrer hp md her eyes lbr:used on a :relitral. ntnrk on the fior.rr cenfererJ bslrvi:en

rlte lwo utals. While acLing on an ob.jecr (c:.g., r:eirchintri lbr ancl grasping the d<llt), the ?rg.erlt] ke1:L her eyes on ihe

o l l j e c t : o the r r v i se . s1 rekep i | r e reyes0 r l l heneuh .3 ] r n i i L l i i . t n t l t } r usd id ( l 0 l f ] i 1 k f c j - ec0 I l l a0 t !V i1 | ] | l ) c i i n Ja t t t . " f | t e
il).rts were replaced rvith shallorv reci bt)xes in fhe next twr,: Lattiliatization trials artd rv.ith tall yellov, t"roxos iu

rli11 lrt)x,orientatiot itnd test trials; the leii yellow bo.< ]rati a plain lid. and r]re r.ight velktw br:t hacl a tul't t)f t]luo

lrair sinrilar to the (loll's ircil protlucling fiorr rtnder its lid.

1  a n d 2
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that sLre preferrcd il over' the doll. If the irrltvrts in the lal.ie-

perceptirrl condition agair: realized that the agent was lihely to

conclnde that the doll was hiclden in the hair box and the skunk

r.vas hiclden in tlie plain Lrox, then they should expect the aeent to

lcach for the plain box, and the;" should iook reliably lcngel wheu

she reaohed for the hair box instead. Convcrscly, the infiurts in che

fluo-pclception conriitir:n shiltild expect the agent to leai:h firr thr:

h;:irbox. where shc had observcd ttre skrrnk being hidden, and thcy

should lor:k. r:cliably longer u4rert she reached fbr thc plair: box

instcad. ([posite looking pattcrns were 1]releli.n"c prcxlir:ted lirr"the

ialsc- and lr"uc-pcrception conditions ol'thc: doll and skttnk c-:xpcr-

inrcnts, in a thrce-r.vay inter.-action invr.rlving experi*tenl, condition,

zllro event,

Methocl

Purti<:Qsattt:s

Participants rvere 48 tull-tei:rn ittfants, 25 malc and 2.3 fbnralc
(irges 1-j  r lurths antl  25 clays to 14.rnorrths and 29 days; M - 14

uronths and 14 days). Another 1(> infants wcrc excluded bccausc

thcy wcro inattcntii'e (6). activr: (3). firssy (2), or: distrai:lrxl (1),

becausc thcy lool;ctl over'2.5 slatrdard deviai.ions iicxn thi: mcan oj

thcil contiition during thc test tr:ial (3). or bcc:ause they looked 1'trr:

thi: nraximum tirtc alkrlvc<l during ltrnili;rization (1). F,qual num-

bcls oJ: inliints rvelc assigncd to lhc eight groups lornrcd bv

crossingl thc cxperinrent (doll or skunk). condition (lztlsc- or true-

percel:tion), and evcnt (;rlain- or tuir-box) Jilctorii.

l)articipauts in the doll ancl skunk expcritrtents (arrd in contr"ol

experirnc'.nts described iu the l{esult* section) rvete rr-.ctuited pti-

lnirrily frorn purchased muiling lists antl fiont binh allnouncelneflts;

in tho local newspapcr. Parents weri;l t-rorltitctcd by letters and

lbllow-up phone calls; they were ol}'ered reimbursornent fbr their'

transportati(u cxpenscs but r.vere not oompensated fbr tl:cir part,i.c-

ipalion. Thc r:zLcial and ethnic compositiou of tltc satnplc of infa.nts

tosted in the present resea.rclr rlas 8191, Caucasiau, 11.o,/i, Asia.n (or

mirc:d Asian and Cirucusjan). 6Tc, llispanic (or mixe<i I:lispanic and

Cautusian). and 29i: Alrioan Atncrican (or" ruixcti Aiiican r\r-neri-

can and Claucasian). No inlilnrralion s'as collc.cte<l on parcnts'

at1,,an1ion, occuplt ior l .  or incotrtc.

AppartLtus

Thc appariltus r-ronsistcd t;1'a wooden display bootlt (12"1 cn:

high x 102 cn: rvidc x 58.5 cnr dccp) tnottnte<l 78 crn above tlitr

l'loor ol a blighth, Iil test room. l{'he ini':rnt *ilt on a parent's lup and

inccrc] un opening (46.5 cnr X 95 crn) in thc l iontof ' t l :c apparalus;

hclr,vcen tr:ials, a muslin-coi,ercd ii'arnc (.59.5 crn X I0l'.1 cri) was

krrvelcd iir i!'ont of this opcning. 
'I'ht: back antl sicle ',valls ol'the:

:ppalatLrs rverc r.thite. and the floor was rvhite rvit]r pastel flowers.
'I'he agerrt wore a blru.. shirt arrcl -<at behinci a wirtdorv (50 ctn X

50 cm) in the track rvail of the apparaius; this lvindorv ccnrid be

closecl rvith trvo rvhite doors. A tauslin cultain b*hind thc agent bid

the test roorn. The e.xpeliniettter lvole long gold gloves and sat

l-'ohind a u,indor,v (51 cm X 38 cor) in the t..ighr w:il1 of thc

urppafatus; this window u'as f-illcd rvith a muslin fi'inge curl.ain'

The <ioll worr: a grcolr jumpc,r and shoes and had blne wool*n

hair gathcled in lvo pigtails, each I 1.5 on long; slre sat with her

lcgs -stlaigh{ out imd q,as l? crn high, 15.5 cnt rvide (ivide*tpoint),

and 11.5 cnr deep (cleepest print). 'I'he shunk had hlack lnd while

Iur, sported a piir[ bolv around its neck. and rva$ J 5.-5 crn high, l5

cm rvicle (u,i<Ie*t point.t, an<i 1i.5 crn cleep (cleupest poiitt).

Across tr.iais, ths toys wel'e placed on gleen mats (i:ach 0.5
cnr X i7 cn X 14.crn), inside shallorv rerj boxu:s (.each 6 cttt X \i

crrr X 14 cln), or inside tall yeliorv boxes (eaclt 16 cnt'1. 1'l cnt x

14 crn). l lach tnl l  box had a yel lo\4, ' l . i t i  (2 cm x 17"5 c'nl x 14.5

crn) with a wlrite interjol and a round wooden kitob (3 cn:)

cr:ntered t:n its tr.rp. The box. cn the dght ]:l<1 a tull i:rf irluo rvooletr

hair 12 cm lon!: attachcd al oilc cnd to thc inlerior of ils lid; whcn

thc lid rvas in placc, aboLrt 7 crn ol thc tuil hung r:ulsidc of't1:s box

an the lcit sicle.

.P ror.:erJut'e

Two naive obsorvcrs n:onitored sach. ir.rf.'ilnt's lool*ing br:h.aviur

through pccpholes i'n large cloth-covcrcd fi:ames ou *ith*r: sidr,l of

thi] utpnraturi. Lriokinp. times dtirinp. thr: ir:itial and flnal phaso of
caclr {r'ial wcrc oorlrputc:d scparatcr15,, using thc: plilrary oitsuLvct''$

l"esponsris.
'['he inlants rvere highly altc'.ntive cluling llrc: initial phasc ul: eiitch

tr ial:  ' I 'hcy lookecl t 'crr '  17.5, 17.7,17.9, arrcl 17.7 s durirrg the 18-s

initiul phase of the l'our laruiliiirizatjorr tlialsl the1,, looker<l Jor 25.7 i;

durirrg the 26-s irritiat phase oli th$ bo;(-oficlntatiorr lrjal; and thev
looked fbr 27.0 s during the 28-s initial i:hase of th* test tlial.

I}e final phasc of each trial eldet'l when the irrfiurt (a} looked

away fbr'2 consecutive seconds ufttr haviug looked for at least 5
(lamiliarizal.ion an<l b<tx-orientation l.rials) or 6 (k:st trial) cttlxll-

lative se<nntis,2 or: (b) looktxl for 60 (fimiliarizario,r trials) or 3i)
(box-or:ir:nta.tiou a.ntJ tcst tr:ials) curnulativc scconds without h:ok-
ing away li.n'L cernsccutivc-. sccrJnds. Intcrohscrvcr agr*etncnl dut'-

ing lirc final phase <lf eaclr fi-i:lI averaged l)Sc/o par trial per inf ant.

llrc:lirrrinary anal,r,ses of {}s tcst data levcalcd no signilica.nt inti:r'-

ilotion irlvolvjug sex; the data rve.re tirereftrre collilpsed aoLclii$ ssx

in subsequent arralyses-

triesults

We analyzed thc: inlirnts' ltmliiug tirnes dnr:inp; thc final phuse of

thc tcst l.rial lvith a 2 x 2 x 2 analysis of'variiincc wi{:h expc.r:irncnl:
(ioll or skunk). cr:ndition (lzrlse- or truc-pcrccp{.ion). uud errent
(plain- t:r'hair:,-box) ari bct$,een-subjects variablcs (sss Fi!,urc ?).
'l'ire 

only signifir:aut el'fect tl,as the trx'eclictecl Sxpirrirrrent X Con-

dit ion X Everrt jnteraction, rr ' (1, 40) :  34.0*, ,  " : :  .0001, r$ - .aA.

I)lanned corrrparisons for the doll expr.:rirneitt rlrvettlccl tltat in the

't lleiriiers mighl rvonder why ,i 5- or (>-s mittimun: .lookinf, {:i'n$ wrls

required irr the finitl plrtse of tle krrnili.ar:iztition" box<rrienfiiiion, ?ll)..l lest

trials: ISecause no event occut'ted during this phase (the irtlartts sin4tly

lratched a pansecl scen*), il'hy lrot use a short, l- t)r 2-s. rnin'irn.urti looking

time'? In plior experittieuts on physical or ps1'chokrgicni reasouing in rvhich

VOI:I rasks w:i1h pllused sceile,$ \\'ere useti. we fi:und that iitllirnls $o1:ilelinles

perlbrmecl better with a. sliglrtly lr:nger r:rittimum bo.liing i:ims (e'8..,41;o

? s), which gave ih*rn tn0re liilte io pl"t)cess the il]ilxrnatioil pt'usenled in

Lhe initial phase oi the trial (e.g., Luo & Baillrrrgeon, 2005. 2(.107; liong et

;i}., ir pressl Wang & Baillargeor, 2{i05). Thr: rpecific rniniinulri looliing

tirne usecl in each typc of nial was estaldished through piloting; here,

bei:ause dre fe)il e\ielltti dilfured irom the plevir:us events in severill respecl$
(e.g., the toys wele lu.lly lr.idden)" a slighL.ly longer minitnrtm looking lirtre

seetred appropria.te.

I]I{IEF IISPORTS



Doll Experimenl

False-perception True"p{}rcepuon
Condiiion Conciition

l'alsu-perlception condition tho lnfants r.t4ro sal the plain-bcr,r evernt

Irxrked rcliably longcr ttral lhose u'fto saw thc hailLrr..rx evcnl' 1;'(1,

4(J) - 18.0:1, p <, .0t)025. Cohen's cl ,,,,, 2ji1, rvhereus in lhe

1.r'uc-1ror-ccption conditiort the infirnl.s showcti llte lcverse pa.ti.ern.

F(1,40) - -5.- i8. p < .025, r/  = 1.38. Planncd otlrnpari-tons f irr : tho

sk.unk. cxpe|irnont rcveitled l.hat in thc lirlsc-pcr:cqrtiotr ccxttlilion

the inlants who sarv lhe hair'-box c:r,ent looltcti rcliubly longer than

fhosc wlro saw 1hc plain-box cvcnt, f(1, 40]r = 6.47. O ' '1 .02.5, r/  -

1.22. r,vtrer:eas in thc trLre-pelceplilrn condition this patleln was

aga i r r  reversed.  11  I ,40)  -  6 .69 .  p '<  .025,1-  1 .70 .  Ana lyses  o i '

thc l'rtrnilializ-atiou auci box-olientatiorr trials lcvealcd llo three-lvay

inleraction, both f 's < :.15, ps -:" .15.
l'he test data worc also subjcctcd to au iutalysis of covariance

lvith thc infants' avixage looking titnes during the fzuniliarization

trlals and looliing tirues during tlte box-cttientaliol trial its ctrvrlri-

zrtcs. Tht: Fxpr:rirnc:nt X Contlitiori \ Iirrent intcrsction \^/lls iigilin

signif icant. F(l .  38) :  37.76, p . 'J .00{}1. l i  :  .-5t1, .uld planoed

corn.palisclrs yieldod thc sanrc resttlts as bc:frrre: fbl the doll/litlsc-

pcrcc:pt ion condit ion. / : ' (1.38) :  19.4\),  p <..0001. d = 2.76,:1:or

thc dol l / l rue.pclccption c<lndi l ion" /"(, l .  38) -- 8.06, p ' ' --  .01 ̂ tL:

1.63; I in'  the skunkl l :r lsc-pcrocpi ion condil ior ' : .  F(1, :18) - 7.9{},

, '::. .(\1 , r/ : 1.-l.il lbr tlrc sltunk/trl1e:-perception condition. tr'(1,

38; :  6r '13n, P < .025, t i  -  1.68.
'.li> corriilln the resttlts o1'the fulse-perception conclitiorts in tlrr:

doll anC skLink experliments and lo rrile ont the possilrilit,v that the

infzrnts in these conditions siuply expected the agent lc) sealch for

hel pletbrrecl toy in the sanrc left or light location as in lhe lnst two

i.amiliarization irials, additional inlilnts rvsre tcstcd with tho salne

procedure as in these conditions, rvith txc exccptiott: Thc locations

oi thc doll aiid sl;unl< *'el:e levet-seri in thcr frrur- tixniliar:ization

trials. Padicipants wcre 14 inizmts, 7 mals and 7 l'enralc: (agc"i 14

fir()nths:rnd i day to 14 nronths iind ?.5 d;rys; !v{ - 14lllontl:rs alxl
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Skunk €xperiment

False- percepl ion True-perception
Condit ion Condit ion

l8 days). Anotherr' 7 itrliurts wor* c;rcludecl betruuse thoy rve|e f ussy
(2), dis{ractccl (2), or hoked over 2.5 staruluril dt:viatiorts tiorn the

rnean of the| condition during tho tr:st frial (-1). I{zrlf th* .ittfartts
."vcr-e assi.trlncd 1o thc doll oxperinrcu{. and half to tht: sllrrk ex.pel-

in:cnt; rvithin each ex;r*ritnent, 4 inf;urts s*i.v th.e plain-box t:r'ent

and -1 sai,v Lho hair-hox er,cnt. Thc prcdicti:d Exporintenl Z llv*nt

interuction u,as oblainc:d in an analysis of'r,ltriance, f(I, lt) --

8.22, 1s.::  "t ]25, 11! - .45, an<t in an analvsis ul sovi l i l imcs:, I ' (1,

8) '-  2i.3?., p ' ' : '  . t t l  . ' \ ;  -  .-11 . i , ikc thc infuri ts ir t  t l rc original

lnlscr-perception conditions. these inlauts expeoled the ageul to

scarch for the doll in the l:iiir bo;x and lirr thcr skunk riil the plaiil

box. and the:,r, kroked longet rvlt,r-:n sire dicl nt>t.

Discussion

Thc prcsent iindin6,,s sugggst three conclusions" F'irst. ths infitttts

att.r:ibuted to l.hs allont a prefbri:n<;c lbr rvlrichttvt:r loy shc repoat-

cdiy leached fbr.durinS,; the l'aniliar:izution l.rials, anii th*y cx.pccted

her' to rnainkrin 11tis prcfclence <luring lhc: lesf trial. Sccand, the

in{zints cxpcctc:<l thc ugc:lt who'"vutchc:cl the ckrll an<l skunk bc.inll

hidricn to corr+ctly sealch :lirr hel prelbrrvl lrry. 
'l'hiril. tlre inlants

e:ryectr:d th* agerrt who did nol $cte the cioll arrcl skunk being

hiddru qa) to rxistakeuly perceive the tlrft o1'hail as belortging trt

the doll, (b) to rrristakenlSr q.ttt,L1r]. that llrr-. doll r,r'as hiclclerr iu the

liair box antl thrl sliunk rvas hiddcn in the plilin box, arld hettc* ic)
to ssarch ttrr h*r'preferted ioy accolclingly. 'T'hese lilst resnlts

indicaicr that by 14.5 nlonths trf age, infauts cau krlep in rlinrl two

distinct v*r:sions of an ob.it:ct: one th.a.t corrcsponrls to l:rsalitY a.nd

onr: thnt c:clr.rcsponds to an aligni's fttlsc: pexxlr{itlr:. The prescnt

resr:arr-:h thris indicaies tl at infanrs jn tho scc*nd y*al tlf life can

r*ason about 1zrlse pcrceptions as well as litlse hclicf ,i; (e.9., Onishi

& Ilaillalgcol, 2005; Song e t al., in press; $urian el al., 20{}7) antl.

BRlIjIr RI,PCRTIj
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Figurc 2. N4ean ltloking tirles of tlii: inltints in th0 f'nlse- and true-petce1ttio11 c{)nditiorl$ cr{'ttre doll and skunk

exFlerirnents during the fln*l piiase ol: tho tost trial. Within oach conditiort, half tlre ili.arlts saw the plain-box

svenl., and half sntv dri: hair-bux event. Aste|isks indicate signillcant dii' ltrences ( p ':.. .115 ot better). l ' lruoL bars

rell,:stienl stil 11(ia.':d errors.
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as sucir. tr)r'ovides new evidence fiat intant-.r titis age can uttljbuts

reality-incongmeut inlornLational states to agentii.
'l'lre present n-.sults alxo suggest that l4.S-rnouthtlds can takr:

into account multiple inte|nal staies of agents rvhen |easoning

abcrt tbc:ir actions. To succeed. the infants in the thlse-pcrceptiou

corrditiorrs had to attribLrte to th(] agi:Ilt a particular disptt'tilittn
ilur:ing lhe tamilializatiixr irials-a prefi:rc,ncc frrr tlrc t{ly she

urnsistcntly rcilchod firr-iurtl thcy had fo assume tltat this ptef*l-

encc vouki lcad h.er to firrn: ihr: gr:r-rl in the tcst trial of searching

lor: hcr: prefcrred to1'. T'hc inltrnts al.ro lrad to consicler lts aqcltt"s

knorvledgc oi'lhe settinEt in thc tcsl trial; 
'llhcy' 

h;rd {o attrjbute to

thc a!lcn{: nol only the abiliLir l:o dek:{:t the tall bores ancl tuli of'

lrair. trut also thc ability to inf'cr thtrt the doll auci skunk lvcre likely

to both be prd.senl, as in the preceding trials. itnd to be hiiiclen in the

bores. Finally, thc, iulluts had to reason that thr'. agent's.lizl'rc
pert:eptir.tti. of thc tuft of hair as a part of the doll r.vouid lead [r*r'to

ltold.fulse beLiefs tt[:ttut ths locations of tho doli ald skunk.

Couid rvcal,er intcrpretations be olferetl fbr oul rr:snlts'l As a

si.iirling point. consitlor thrcrc alternativc inteupretations that have

bcen olfbr:ed lirr thc rcsults of Onishi and Baillargeon (2005),

dcsi:ribed in the intrcxluctoly secrtion. One inteqtretation i.vas thnt

tlrc infants lbrmcd a thrcc-rva1,' ussociution ulTlong tilc agcn{.. thc

toy, and tlrc locaLion u,hcre the loy bccarne hiddcn ;rnd tiat the;-

Iookcd lcliirbl;,Ionger rvhcu thc tcrst trial dcviated fiorn this asso-

ciation (I)crrrer & I{uffrnarr, 2005). Another inttrprelattorl was that

llrc: inlzurts oanll1 to the task with a learleci behaviolal rule tlrat
ugcnts scarc:hing 1'<rr a hidden ob.ject typically look ibl it where

lhey sr'"v it disappear (Onishi & Brillargennt,'2045; Peurcr &

Ruffrnan. 2005). Yct another interprcrtation was that the inflrnts
pcls-rcssed a genelal expcctation that ignolancc leads to t:rrot': Thus,

bccausc thc: agcnt rvas ignolaul. about the toy's ctt.rrctlL location,

thr':1' exp""1,*i hor l(l scarch tbl it in tllc rvlcmg krcatiun (Sotit.hgate

cl al. ,  ?()07a).
l'hc ljrst lwo interprel.ations <kr not appll' to the pl'csent rcscarch.

'lir 
scc rvh-v. considcr in par-ticulal thc ltrlsc-pcrccption oontlition o1'

the skunk expc.r irnent. Because thc agcut did not sec the plain and

hair boxes until the tsst trial artd br:c:tuscr she dici not witness *le

hiding o1'the skuuk in t lre plain box. the inl 'anfs cotr ld not havo

ibrrned a threrc-ivay association atrong the agetlt. the sknnk. anii

the prlain box. nol corild thc1, have predicted lvhcto thc agrrnt lvould

scarch tol thc skunk ou thc b:rsis of lvhere strc satv it clisuppcar.

Thr: third intcrprctation docs apply to the pr*sirnl f.intlittgs:

flecausr': 1.hc lgent u'as ignorant allottt hel plolbrrcd toy's locati.on,

perhaps the infirnts expcctcd h.gr to scarch lbr- it in tlle rvrong box

and u,ercr sulpr-ised lvhcn she rcachc:cl .iirr lhe corteot box instcad.

.[Iorvcvcrr, r'ecent cri,idence docs nol supporl- thc: notion that inliints

expc(:t ignorzrncc: to Icad to crro.r. l'iIst, VO.E t:rsks have shorvn thal

wiren an agent is igucrant abotrt rvhefhcl a toy is in Locatkrn A ot'

Locatiorr B. int:rnts do not t:xplrct hel to go to the lvlong locatjon;

rzrther'. they hav* no expectation about which loczitior: she rvill

search (e.g., Hc, & Baillarsson. ?007; Scott & Baillalgeon, in

press: Scott,  Song, Bai l lar-e,eon. & Lesl ie. 2007). Second,

lnticipatorl,-looking taslis have shown that ,"vhctt an agent falsely

bclievcs a toy is in L,ocation A as oppt:sed lo l.,ocation B a.ncl whon

thc to-v has in f.r'rct been Lcntilved fion: the situaiion so thirt br:th

local.ions are \vrong, ini.ants ckl not look. at eithcr Location ran-

dornly; i'atbei'. they correctly anticipalc that thc agcll r,vill search

lbr llrc: to-v at L-ooation A (Southgate ct tr1.. 201)7a; Southgate,

Si:nru, & Csibla^ 2il07b).

Iu surnrnary, the preiienl resul{i; derr()nstrate that in:fants irr thc:

sec<lnd ,veiv of life can rerlsoil ahou.t ageiits' false perc:eptions as
r.r,ell as false beliefs (e.g., Onishi & Baillargeon, 2005; Scott &
Baillargeon, in press; Song et a1.. in press; Surian crt ul., ?t)07). As
such, the resulfs support the view that e*rly psychological reason-
ing dcpcnrls on a sperializ*d computadonnl systcm. i.r4rich p:t-

virles infailts rvith il skr:letiil *ilusal f-ra:newcxk firl inte.r:pr*ti.n,g
intentional a.ctions (e.g.. Clerllely & Cs'ibla, ?003; Lcslic. 1994;
L.,uo & liaillalgcon, ?{Xl?; Prcmack & Plemack, 1995; iicott &

Ilaillar"geon, in press; Song et al., in pri:ss). l:rrcrn lhis Ihc:.orc:tical
$tirnce, lvhat devck:prncntal questionri tright onc cxplore rvith
resllect to inlants' ability tfi atl"ribute realjty-incoflgruent inl'onlta*

tionul slates'l First. orre rlLighr ilsk imlv tarly ihis ability eltlerges
(pre lirnin;ry lesults sugg*xt that it is alrtzrdy prerisr)t bv the *ucl of
the lirst yea::; He & Buillargcon,'20$7); rvhethel i1i ernerges at tile

sarne iirle as, or only aft{-.r, t}rL. a}:ility to attlibute: roality-congruent
states: and rvhetliu dillbr*rI corrrpritational subsystems uudellit:
tllcse i.\.vo abjlities (*.g., L,eslii:, lL)94, 20tlA; Scoi:t & Baillar:6,,eun,
in pri:ss; Song et al., in prcss). Sc:cond, onc r:iight examiutr devtd-
opmenls in infants' ability to ilttribnlc dilfcl:cnt lsinds ol. realitl,-
inr:ongluent slatcs; irr particular, doe$ inl?rnts' undcrii{:atlding of
prctel.ld hcl'iofls, rvhioh crnc:rgcs in the seo{}lxl ycar, build on thcjr'

undelrtanding of' fzrlss helielrs (e.g., i..,eslie. 1987; {.h:jshi et al.,
?007)? 'I'he ans\.vers to these questions slnuld yield irrttrxrltarrt
insights irrto thr early course of hurnan p$-vchologic;il rea$oniltg.
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