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Abstract

Prior research suggests that children younger than age 3 or 4 do not understand that an agent may be

deceived by an object's misleading appearance. Here we asked whether 14.5-month-olds would give

evidence in a violation-of-expectation task that they understand that agents may form false perceptions.

Infants first watched events in which an agent faced a doll with blue pigtails and a stuffed skunk; the agent

consistently reached for the doll, suggesting that she prefened it over the skunk. Next, while the agent was

absent, the doll was hidden in a plain box and the skunk in a box with a tuft of blue hair protruding from

under its lid, Infants expected the agent to be misled by the tuft's resemblance to the doll's hair, and to

falsely perceive it as belonging to the doll, These and other results indicate that 14.5-month-old infants can

already reason about agents' false perceptions,
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Our ability to make sense of others' actions rests in large part on our ability to understand the mental

states that underlie these actions. Critical to this understanding is the recognition that mental states

sometimes conflict with reality. Thus, we realize that Little Red Riding Hood blithely approaches the wolf

lying in wait in her grandmother's bed, dressed in a cap and nightgown, because she is deceived by this

disguise and mistakenly perceives the wolf as her grandmother, Here we ask whether 14.5-month-old

infants realize that a naive agent looking at a misleading stimulus may falsely perceive it as one object when

it is in fact another.

Developmental psychologists have long been interested in uncovering the early roots of adults' ability to

attribute mental states to others. Much of this research has involved simple scenes in which an agent acts

on objects in a single setting, and has examined children's ability to reason about two kinds of internal

states: motivational states, such as dispositions and goals, which specify the agent's motivation in the scene,

and informational states, such as perceptions and beliefs, which specify the agent's information about the

setting (e.9., Gergely, Nidasdy, Csibra, & Bir6, 1995; Kuhlmeier, Wynn, & Bloom, 2003; Leslie, 1994;

Premack, 1990; Song, Baillargeon, & Fisher, 2005;Woodward, 1998).

Experiments focusing on motivational states have revealed that even young infants can attribute

dispositions and goals to others (e.9., Csibra,2008; Csibra, Gergely, Biro, Ko6s, & Brockbank, 1999;

Hamlin, Wynn, & Bloom, 2007; Johnson, Ok, & Luo, 2007; Kamerawi, Kato, Kanda, lshiguro, & Hiraki,2005;

Luo & Baillargeon, 2005; Song & Baillargeon, 2007; Woodward, 1998). For example, after watching an

agent repeatedly reach for objectA as opposed to object-B in a sefting, 5-month-olds attribute to the agent

a particular disposition, a preference for objectA over object-B. When the objects' positions are reversed,

infants expect the agent to reach for objectA in its new position, and they look reliably longer if the agent

reaches for object-B instead (Luo & Baillargeon, 2005; Woodward, 1998).

In contrast, experiments focusing on informational states have revealed a striking developmental shift

having to do with children's ability to attribute two difierent kinds of informational states to agents: reality-

conqruent and reality-inconoruent states,
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Reality-congruent informational states specify what accurate information an agent possesses or lacks

about a setting, and they allow children to deal with situations where the agent's representation of the

setting is incomplete: for example, the agent is ignorant about the presence or location of an object in the

setting, Recent research indicates that by the end of the first year, infants keep track of what objects an

agent can or cannot see, and has or has not seen, in a setting, and they interpret the agent's actions

accordingly (e.9,, Brooks & Meltzoff, 2005; Caron, Kiel, Dayton, & Butler, 2002; Liszkowski, Carpenter,

Striano, & Tomasello, 2006; Liszkowski, Carpenter, & Tomasello, 2007; Luo & Baillargeon, 2007; Luo &

Johnson, in press; Tomasello & Haberl, 2003). Thus, 12,5-month-olds who watch an agent repeatedly reach

for object-A over object-B do not attribute to the agent a preference for object-A if object-B is hidden from

the agent by a screen; however, they do attribute such a preference if the agent is aware of object-B's

presence behind the screen, because the agent saw it there earlier (Luo & Baillargeon,2007).

Reality-incongruent informational states specify what inaccurate information an agent possesses about

a setting, and they allow children to deal with situations where the agent's representation of the setting is not

merely incomplete but false: for example, the agent holds a false belief about the location or contents of an

object, or the agent perceives a misleading stimulus as one object when it is in fact another. To reason

correctly about the agent's actions in such situations, children cannot simply identify those aspects of the

setting about which the agent is ignorant, as with reality-congruent states; rather, children must specifo how

the agent actually represents the setting. For example, if the agent believes that an object is hidden in

location-A when it is in fact hidden in location-B, noting that the agent is ignorant about the object's cunent

location is not sufficient to predict the agent's actions; to do so, children must specify that the agent believes

the object is in location-A. In order to attribute a reality-incongruent state to an agent, children must thus be

able to hold in mind two distinct versions of the setting: one that conesponds to reality (as they construe it),

and one that corresponds to the agent's false representation. Until recently, it was generally assumed that

this ability did not emerge untilabout4 years of age (e.9., Flavell, 1988; Gopnik & Wellman, 1994; Perner,

1995; Wellman, Cross, & Watson, 2001; for exceptions, see Leslie, 1987, 2000; Premack & Premack, 1995).
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The evidence for young children's difficulty with reality-incongruent informational states has come

primarily from false-belief and false-perception tasks (e.9., Gopnik & Astington, 1988; Moore, Pure, &

Furrow, 1990; Perner, Leekam, & Wimmer, 1987; Wimmer & Perner, 1983). In a false-belief task (e.g.,

Baron-Cohen, Leslie, & Frith, 1985), children listen to a story enacted with props: a first character hides a

toy in location-A and leaves; while he or she is gone, a second character moves the toy to location-B, When

asked where the first character will look for the toy, most 4-year-olds correctly point to location-A; in contrast,

most 3-year-olds point to location-B, suggesting that they do not understand that the first character will hold

a false belief about the toy's location. Similarly, in a false-perception task (e.9., Gopnik & Astington, 1988),

children explore a fake object such as a sponge that looks like a rock. When asked how the object will

appear to a naive agent, most 3-year-olds demonstrate no understanding that the agent will be misled by

the object's appearance.

Evidence from novel false-belief tasks, designed to tap spontaneous rather than elicited responses,

suggests that the ability to attribute reality-incongruent informational states may emerge earlier than

previously thought (e.9., Clements & Perner, 1994; Onishi & Baillargeon, 2005; Song, Onishi, Baillargeon, &

Fisher, in press; Southgate, Senju, & Csibra, 2007a; Surian, Caldi, & Sperber,2007). Some of these novel

tasks used the violation-of-expectation (VOE) method, which relies on infants' tendency to look longer at

events that violate as opposed to confirm their expectations. For example, Onishi and Baillargeon (2005)

gave 1S-month-olds familiarization trials in which a female agent hid a toy in location-A as opposed to

location-B, Next, the toy moved to location-B, in the agent's absence, In the test trial, the agent returned and

reached for either location, The infants who saw the agent reach for location-B looked reliably longer than

those who saw her reach for location-A. This and other results suggested that the infants realized that,

because the agent had not seen the toy move to location-B, she still believed it to be in location-A; as a

result, they expected her to reach for location-A and were surprised when she reached for location-B

instead (we present alternative interpretations that have been offered for these findings in the Discussion).

The present research sought new evidence that infants in the second year of life can reason about

reality-incongruent informational states, To succeed at the novel false-belief tasks cited above, infants had
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to understand that the agent held a false belief about the location of a hidden object; to succeed at the novel

false-perception task used here, infants had to understand that the agent formed a false perception of a

visible object,

Participants were 14.5-month-olds and they were tested using the VOE method. Because infants'

limited knowledge made the use of fake objects impractical, we chose a different experimental tack: the

agent first saw an object, and later encountered a box with a part similar to a portion of the object protruding

from under its lid. We reasoned that evidence that infants expected the agent to mistakenly perceive the

part as belonging to the object would support the claim that the abili$ to attribute reality-incongruent

informational states is already present in the second year of life.

Design

The infants were assigned to a false- or a true-perception condition (see Fig. 1). All infants received

four familiarization trials. one box-orientation trial. and one test trial: each trial consisted of an initial and a

finalphase,

In the familiarization trials, a female agent sat at a window in the back wall of an apparatus and faced

two toys: a cloth doll with blue woolen hair and a stuffed skunk, In the first two trials, each toy sat in front of a

placemat, the doll on the left and the skunk on the right; in the last two trials, the placemats were replaced

with shallow boxes and the toys' locations were reversed. During the initial phase of each trial (which lasted

about 18 s), an experimente/s gloved hands reached into the apparatus through a window in the right wall,

placed each toy on its placemat or inside its shallow box, and then left. Next, the agent grasped the doll, and

then paused, During the final phase, the infants watched this paused scene until the trial ended, The

familiarization trials serued to establish that (1) a doll and a skunk were present in each trial; (2) the two toys

could appear in different locations (left or right) and arrangements (on placemats or inside boxes); and (3)

the agent always reached for the doll, suggesting that she prefened it over the skunk,

In the box-orientation trial, the agent was either absent (her window was closed with two small doors;

false-perception condition) or present (kue-perception condition). Two tall boxes stood on the apparatus

floor with their lids upside-down; the left box had a plain lid, and the right box had a tuft of blue hair similar to
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the doll's hair attached to its lid's intedor surface. During the initial phase (which lasted about 26 s), the

gloved hands rotated the lid of the hair box five times and finally placed it upright on the box; the tuft of hair

then hung between the two boxes. Next, the gloved hands performed the same actions on the lid of the

plain box, and then lefi. During the final phase, the infants watched this scene until the trial ended, The box-

orientation trial served to establish that the hair box had a tuft of hair attached to its lid.

In the test trial, the doll sat in front of the plain box and the skunk in front of the hair box. During the

initial phase (which lasted about 28 s), the gloved hands hid the doll inside the plain box and the skunk

inside the hair box, and then left. In the true-perception condition, the agent was present during the hiding of

the toys. In the false-perception condition, the agent was absent; after the gloved hands left, she opened the

doors in her window. In both conditions, the agent then grasped the knob attached to the lid of the plain box

(plain-box event) or the hair box (hair-box event), and paused, During the final phase, the infants watched

this paused scene until the trial ended.

We reasoned that if the infants in the false-perception condition realized that the agent was likely (1) to

mistakenly perceive the tuft of hair as a pail of the doll, and hence (2) to mistakenly conclude that the doll

was hidden in the hair box and the skunk was hidden in the plain box, then they should expect the agent to

reach for the hair box. The infants who saw the plain-box event should thus look reliably longer than those

who saw the hair-box event, Conversely, the infants in the true-perception condition should expect the agent

to reach for the plain box, where she had seen the doll being hidden. The infants who saw the hair-box

event should thus look reliably longer than those who saw the plain-box event.l

Additional infants were tested in a skunk experiment identical to the doll experiment just described

except that the agent repeatedly reached for the skunk during the familiarization trials, suggesting that she

preferred it over the doll, lf the infants in the false-perception condition again realized that the agent was

likely to conclude that the doll was hidden in the hair box and the skunk was hidden in the plain box, then

they should expect the agent to reach for the plain box, and they should look reliably longer when she

reached for the hair box instead. Conversely, the infants in the true-perception condition should expect the

agent to reach for the hair box, where she had observed the skunk being hidden, and they should look
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reliably longer when she reached for the plain box instead, Opposite looking patterns were therefore

predicted for the false- and true-perception conditions of the doll and skunk experiments, in a three-way

interaction involving experiment, condition, and event.

Method

Participants

Participants were 48 full-term infants, 25 male and 23 female (13 months, 25 days to 14 months, 29

days, M = 14 months, 14 days). Another 16 infants were eliminated because they were inattentive (6), active

(3), fussy (2), or distracted (1), looked over 2.5 SD from the mean of their condition during the test trial (3), or

looked for the maximum time allowed during familiarization (1), Equal numbers of infants were assigned to the

eight groups formed by crossing the experiment (doll or skunk), condition (false- or true-perception), and event

(plain- or hair-box) factors,

Participants in the doll and skunk experiments (and in control experiments described in the results section)

were recruited primarily from purchased mailing lists and from birth announcements in the local newspaper.

Parents were contacted by letters and follow-up phone calls; they were offered reimbursement for their

transportation expenses but were not compensated for their participation. The racial and ethnic composition of

the sample of infants tested in the present research was 81% Caucasian, 11% Asian (or mixed Asian and

Caucasian), 6% Hispanic (or mixed Hispanic and Caucasian), and 2% Afncan American (or mixed African

American and Caucasian). No information was collected on parents'education, occupation, and income.

Apparatus

The apparatus consisted of a wooden display booth (124 cm high X 102 cm wide X 58.5 cm deep)

mounted 78 cm above the floor of a brightly lit test room, The infant sat on a parent's lap and faced an opening

(46.5 cm X 95 cm) in the front of the apparatus; between trials, a muslin-covered frame (59.5 cm X 101.5 cm)

was lowered in front of this opening, The back and side walls of the apparatus were white, and the floorwas

white with pastel flowers,

The agent wore a blue shirt and sat behind a window (50 cm X 50 cm) in the back wall of the apparatus;

this window could be closed with two white doors. A muslin curtain behind the agent hid the test room, The
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experimenter wore long gold gloves and sat behind a window (51 cm X 38 cm) in the right wall of the

apparatus; this window was filled with a muslin fringe curtain.

The doll wore a green jumper and shoes and had blue woolen hair gathered in two pigtails each 11.5 cm

long; she sat with her legs straight out and was 17 cm high, 15,5 cm (widest point), and 11.5 cm deep (deepest

point). The skunk had black and white fur, sported a pink bow around its neck, and was 15.5 cm high, 15 cm

wide (widest point), and 11,5 cm deep (deepest point).

Across trials, the toys were placed on green placemats (each 0.5 cm X 17 cm X 14 cm), inside shallow

red boxes (each 6 cmX17 cm X 14 cm), or inside tallyellow boxes (each 16 cm X 17 cm X 14 cm). Each

tall box had a yellow lid (2 cm X17.5 cm X 14,5 cm) with a white interior and a round wooden knob (3 cm)

centered on its top. The right box had a tuft of blue woolen hatr 12 cm long attached at one end to the

interior of its lid; when the lid was in place, about 7 cm of the tuft hung on the left side of the box.

Procedure

Two naive observers monitored the infant's looking behavior through peepholes in large cloth-covered

frames on either side of the apparatus. Looking times during the initial and final phase of each trial were

computed separately, using the primary observe/s responses,

The infants were highly attentive during the initial phase of each trial: they looked for 17 .5, 17.7, 17.9,

and 17 .7 s during the 18-s initial phase of the four familiarization trials; they looked 'for 25.7 s during the 26-s

initial phase of the box-orientation trial; and they looked for 27 .0 during the 28-s initial phase of the test trial.

The final phase of each trial ended when the infant (1) looked away for 2 consecutive seconds after

having looked for at least 5 (familiarization and box-orientation trials) or 6 (test trial) cumulative seconds,2 or

(2) looked for 60 (familiarization trials) or 30 (box-orientation and test trials) cumulative seconds without

looking away for 2 consecutive seconds. Interobserver agreement during the final phase of each trial

averaged 95% per trial per infant.

Preliminary analyses of the test data revealed no significant interaction involving sex; the data were

therefore collapsed across sex in subsequent analyses.

Results
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The infants' looking times during the final phase of the test trial were analyzed by a2X 2 X 2 analysis

of variance (ANOVA) with experiment (doll or skunk), condition (false- or true-perception), and event (plain-

or hair-box) as between-subjects factors (see Fig. 2). The only significant effect was the predicted

experiment x condition x event interaction, E(1, 40) = 34.44, p < .0001, Ip2= ,46. Planned comparisons for

the doll experiment revealed that in the false-perception condition the infants who saw the plain-box event

looked reliably longer than those who saw the hair-box event, F(1, 40; = 13.0t, p < .00025, Cohen's d =

2.71,whereas in the true-perception condition the infants showed the reverse pattern, E(1,40) = 5.58, p

< .025, d = 1.38. Planned comparisons for the skunk experiment revealed that in the false-perception

condition the infants who saw the hair-box event looked reliably longer than those who saw the plain-box

event, F(1,40) = 6,43, p < .025, d= 1.22, whereas in the true-perception condition this pattern was again

reversed, E(1, 40) = 6,69, p < .025, d = 1.70. Analyses of the familiarization and box-orientation trials

revealed no three-way interaction, both [s <2.15, p > .15.

The test data were also subjected to an analysis of covariance (ANCOVA) using as covariates the

infants' average looking times during the familiarization trials and looking times during the box-orientation

trial. The experiment x condition x event interaction was again significant, E(1, 38) = 37.76, p < ,0001, nl

= ,50, and planned comparisons yielded the same results as before (doll/false-perception:E(1, 38) = 19.49,

p < .0001, d= 2.76: doll/true-perception:E(1, 38)= 8,06, p < .01, d = 1.63; skunk/false-perception:E(1, 38)

=7.90 ,p<.01 ,d=1.33 ;skunk / t rue-percept ion :E(1 ,38)=6.89 ,p<.025,d=1.68) .

To confirm the results of the false-perception conditions in the doll and skunk experiments, and to rule out

the possibility that the infants in these conditions simply expected the agent to search for her prefened toy in

the same left or right location as in the last two familiarization trials, additional infants were tested using the

same procedure as in these conditions with one exception: the locations of the doll and skunk were reversed in

the four familiarization trials. Pafticipants were 14 infants, 7 male and 7 female (14 months, 1 day to 14

months, 25 days; M = 14 months, 1 8 days). Another 7 infants were eliminated because they were fussy (2) or

distracted (2), or looked over 2.5 SD from the mean of their condition during the test trial (3). Half the infants

were assigned to the doll experiment and half to the skunk experiment; within each experiment, four infants
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saw the plain-box event and three saw the hair-box event. The predicted experiment x event interaction was

obtained in anANOVA, E(1, 10) =8.22,p<,025, \p2= .45, and ANCOVA, E(1,8) =27.32,p<.01, \p2= '77'

Like the infants in the oiiginal false-perception conditions, these infants expected the agent to search for the

doll in the hair box and for the skunk in the plain box, and they looked longer when she did not.

Discussion

The present findings suggest three conclusions, First, the infants attributed to the agent a preference for

whichever toy she repeatedly reached for during the familiarization trials, and they expected her to maintain

this preference during the test trial, Second, the infants expected the agent who watched the doll and skunk

being hidden to conectly search for her preferred toy. Third, the infants expected the agent who did not see the

doll and skunk being hidden (1) to mistakenly perceive the tuft of hair as belonging to the doll; (2) to mistakenly

conclude that the doll was hidden in the hair box and the skunk in the plain box; and hence (3) to search for

her prefened toy accordingly. These last results indicate that, by 14,5 months of age, infants can keep in mind

'two distinct versions of an object: one that coresponds to reality, and one that conesponds to an agent's false

perception, The present research thus indicates that infants in the second year of life can reason about false

perceptions as well as false beliefs (e,9., Onishi & Baillargeon, 2005; Song et al., in press; Surian et al., 2007),

and, as such, provides new evidence that infants this age can attribute reality-incongruent informational states

to agents.

The present results also suggest that 14,5-month-olds can take into account multiple intemal states of an

agent when reasoning about her actions, To succeed, the infants in the false-perception conditions had to

attribute to the agent a particular disposition during the familiarization trials, a preference for the toy she

consistently reached for, and they had to assume that this preference would lead her to form the qoal in the

test trial of searching for her prefened toy. The infants also had to consider the agent's knowledge of the

setting in the test trial: they had to attribute to the agent not only the ability to detect the tall boxes and tuft of

hair, but also the ability to infer that the doll and skunk were likely to both be present, as in the preceding trials,

and to be hidden in the boxes, Finally, the infants had to reason that the agent's false perception of the tuft of

hair as a part of the doll would lead her to hold false beliefs about the locations of the doll and skunk.
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Could weaker interpretations be offered for our results? As a stading point, consider three altemative

interpretations that have been offered for the results of Onishi and Baillargeon (2005) described in the

Introduction, One interpretation was that the infants formed a three-way association among the agent, the toy,

and the location where the toy became hidden and that they looked reliably longer when the test trial deviated

from this association (Perner & Ruffman, 2005). Another interpretation was that the infants came to the task

with a learned behavioral rule that agents searching for a hidden object look for it where they saw it disappear

(Onishi & Baillargeon, 2005; Perner & Ruffman, 2005), Yet another interpretation was that the infants

possessed a general expectation that ignorance leads to error: thus, because the agent was ignorant about

the toy's current location, they expected her to search for it in the wrong location (Southgate et al., 2007a).

The first two interpretations do not apply to the present research. To see why, consider in particular the

false-perception condition of the skunk experiment, Because the agent did not see the plain and hair boxes

until the test trial and because she did not witness the hiding of the skunk in the plain box, the infants could not

have formed a three-way association among the agent, the skunk, and the plain box, nor could they have

predicted where the agent would search for the skunk on the basis of where she saw it disappear,

The third interpretation above does apply to the present findings: because the agent was ignorant about

her prefened toy's location, perhaps the infants expected her to search for it in the wrong box and were

surprised when she reached for the conect box instead, However, recent evidence does not support the notion

that infants expect ignorance to lead to enor. First, VOE tasks have shown that, when an agent is ignorant

about whether a toy is in location-A or location-B, infants do not expect her to go to the wrong location; rather,

they have no expectation about which location she will search (e.9,, He & Baillargeon, 2007; Scott &

Baillargeon, in press; Scott, Song, Baillargeon, & Leslie, 2007). Second, anticipatory-looKng tasks have shown

that when an agent falsely believes a toy is in location-A as opposed to location-B and when the toy has in fact

been removed from the situation so that both locations are wrong, infants do not look at either location

randomly; rather, they correctly anticipate that the agent will search for the toy at location-A (Southgate et al.,

2007a; Southgate, Senju, & Csibra, 2007b).
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ln sum, the present results demonstrate that infants in the second year of life can reason about agents'

false perceptions as wellas false beliefs (e,9,, Onishi & Baillargeon,2005; Scott & Baillargeon, in press; Song

et al., in press; Surian et al., 2007), As such, the results support the view that early psychological reasoning

depends on a specialized computational system, which provides infants with a skeletal causal framework for

interpreting intentionalactions (e,9., Gergely & Csibra, 2003; Leslie, 1994; Luo & Baillargeon,2007; Premack

& Premack, 1995; Scott & Baillargeon, in press; Song et al,, in press). From this theoretical stance, what

developmental questions might one explore with respect to infants' ability to attribute reality-incongruent

informational states? First, one might ask how early this ability emerges (preliminary results suggest that it is

already present by the end of the first year; He & Baillargeon ,2007); whether it emerges at the same time as,

or only after, the ability to attribute reality-congruent states; and whether different computational subsystems

undedie these two abilities (e.9,, Leslie, 1994, 2000; Scott & Baillargeon, in press; Song et al,, in press).

Second, one might examine developments in infants' ability to attribute different kinds of reality-incongruent

states; in particular, does infants' understanding of pretend beliefs, which emerges in the second year, build on

their understanding of false beliefs (e.9., Leslie, 1987; Onishi et al.,2007)? The answers to these questions

should yield important insights into the early course of human psychological reasoning,
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Footnotes

'1. Readers might wonder whether the box-orientation trial was necessary in either the false- or the true-

perception condition: after all, the infants-and the agent, in the true-perception condition--+ould see in the

test trial, when the gloved hands hid the skunk in the hair box, that the tuft of hair was simply attached to the

box's lid. Our concern (supported by pilot data) was that this brief glimpse of the box's lid might not be

sufficient for the infants to adequately encode the tuft of hair, especially as it came in the midst of a complex

event sequence with a great deal of new information: not only were new boxes used, but the infants also had

to keep track of where each toy was hidden. We speculated that introducing the tuft of hair in a separate, box-

orientation trial might reduce the infants' information-processing load in the test trial and thus increase the

likelihood of their success (for a similar approach, see e.9., Onishi, Baillargeon, & Leslie, 2007; Song et al.,

2005), Would it have been possible in the true-perception condition to have the agent be absent for the box-

orientation trial, as in the false-belief condition? As a first step, it seemed simpler to have the agent remain for

all trials; however, future research could examine whether infants in the true-perception condition would still

respond in the same manner if the agent was absent during the box-orientation trial (e,9., infants might require

a separate introduction to the tuft of hair but might assume the agent does not).

2. Readers might wonder why a 5- or 6-s minimum looking time was required in the final phase of the

familiarization, box-orientation, and test trials: since no event occurred during this phase (the infants simply

watched a paused scene), why not use a short, 1- or 2-s, minimum looking time? In prior experiments on

physical or psychological reasoning using VOE tasks with paused scenes, we have found that infants

sometimes perform better with a slightly longer minimum looking time (e.9., 4 to 7 s), which gives them more

time to process the information presented in the initialphase of the trial (e,9., Luo & Baillargeon,2005,2007;

Song et al., in press;Wang & Baillargeon, 2005). The specific minimum looking time used in each type of trial

is established through piloting; here, because the test events differed from the previous events in several

respects (e,9., the toys were now fully hidden), a slightly longer minimum looking time seemed appropriate.
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Figure Captions

Fioure 1. Familiarization, box-orientation, and test events shown in the false-perception (left panel) and

true-perception (right panel) conditions of the doll experiment. In the false-perception condition, the agent was

absent during the box-orientation trial and during the hiding of the doll and skunk in the test trial; in the true-

perception condition, the agent was present throughout the trials. To help the agent and experimenter adhere

to the events' second-by-second scripts, a metronome beat softly once per second, A camera mounted behind

and next to the infant projected an image of the events onto a TV screen in a different part of the test room; a

supervisor monitored the events to confirm that they followed the prescribed scripts. At the start of the first two

familiarization trials, each toy sat on a dot centered 4.5 cm in front of a green placemat; the two placemats

rested 9.5 cm apart, 14 cm in front of the back wall and 4 cm from the right wall. The agent sat at the window

in the back wall of the apparatus, with her hands in her lap and her eyes focused on a neutral mark on the

floor centered between the two placemats. While acting on an object (e.9., reaching for and grasping the

doll), the agent kept her eyes on the object; otherwise, she kept her eyes on the neutral mark and thus did

not make eye contact with the infant. The placemats were replaced with shallow red boxes in the next two

familiarization trials, and with tall yellow boxes in the box-orientation and test trials; the left yellow box had a

plain lid and the right yellow box had a tuft of blue hair similar to the doll's hair protruding from under its lid,

Fioure 2. Mean looking times of the infants in the false- and true-perception conditions of the doll and

skunk experiments during the final phase of the test trial. Within each condition, half the infants saw the plain-

box event, and half saw the hair-box event. Asterisks indicate significant differences (p < .OS or better). Enor

bars represent standard errors.
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