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Abstract
Preverbainfantsengage in statisticaind probabilistic inferend® learnabout their
linguistic and physical world®o they alscemploy probabilistic informatioto understandheir
socialworld?2.Do theyinfer underlying causal mechanisms from statistical data? wieshow,
with looking{ime methodsthat 10-month-olds attend to statistical information to understand
their so€ialpsychological world and plausibigfer underlying causal mechanisms from

violations 'of‘physical probabilities.

Infants Use Statistical Sampling to Under stand the Psychological World

In recent decadess crucial advance has occurred in our understanding of childhood
development: demonstionsthat everyoung infants usstatistical learninge.g.,Saffranet al,
1996; Téglasyet al., 2011; Xu & Garcia, 20G8)nfer the structure danguage and the physical
world. Infantsalsolive in a social worldfull of intentional agents acting in accordance with their
goals,desires andbeliefs To what extent istatistical learningimilarly instrumentafor social
understandings in infay?

To adults,overthuman intentionahctions manifesaisunobservable causés:fulfill
desires, agents deliberatehanipulate the overt, observable world. For example, a haphazard
handful from‘the Halloween candy bowl is unlikelypimduceour favorites, soif someone
deliberatelyehoosegust five Snickerswe caninfer shepreferred thosdn contrastselecting
from a bowl full of Snickers givelittle information for inferring a preference for Snickers over
other candies. Thus, intent@racts that violate physical probabilitiesan inform usabout
psychological.causaeshere the same airt the absence of relevant statistical informatgless
informative.

Recent studies (Kushniu & Wellman, 2010;Ma & Xu, 2011)demonstrat¢hat
preschoolers and toddlers use violations of physical probablikesthese to infer agents
preferencesConsider Figure 1. The iNbrity-conditionagentremoves five blue balls from a box
of 80%red ones. An observer sensitive to the relation between sample and population could
infer the person drew this nonrandom, low-probabgaynplebecause of some sort of desire or
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preference foblue balls. If the person takes five blue balls from a box of B&bones this
largely reflects th@robabilities of thainderlying population anas suctprovides ambiguous
information about her preferendeis intruiging hat evenaddlers 20-month-old) infer a
psychological cause—aeferencdor onetype ofobject over anotherfrom this statistical
pattern even.when the preference diérom their own But by 20 months children have
accumulated considerable information about person’s actions and desires (Rep&bmiik,
1997), including verbal information from others (Bartsch & Wellman, 1995; Ruffeta,
2002). Conceivably, encountering and using words like tiaraffolds children’s social
statistical understandings. Thusta from toddleralone leave a theoretical gap to the origins
and naturesofsstatistical learning in understanding human aetigap that requires data from
preverbal infants to fill

Previousiresearch extensively and conclusively indicates that prewvdaods infer
preferences from intentional actions that do not violate physical probal{giteesCsibra, et al.,
1999; Phillips &Wellman 2005;Sommerville, et a).2005;Woodward, 1998 These studies
typically invelve a repeated presentation (to habituation) of a person reachorgefof two
objects, and infants thénok longer §how a violation of expectatiomhen the person later
reaches for.the previously ignorebject Geenngly changng her preference or goal). It may be
critical that'two objectarevisible to the agen(ithat the action reflestthe choice of one
alternaive overarother,see Luo & Baillargeon2005), but choosing one of two objects does not
itself constitute a violation of physical probabilities (50/50 chance).

Only-a‘few recent studies have addresshkdther infants connect preferences to
violations of:physical probabilitieF hese studielsuild upon prior research showing infants’
sensitivities to the probabilistic relations between populations and sampiesphysical world.
For exampleXu,and Garcig2008) showed 8rontholds a box of white and red balls,an 80-
20 proportion.. With her eyes closed, an adutwsome ball§rom the box. Assuming the draw
was randomly. generatgthe distribution of balls in the sample should approxirtiage
distributionsef'the balls in the box. Indeed, infants looked lomden a sample of mostly red
balls wasdrawnfrom this box of mostly white ballsSuchdata indicate infants are sensitive to
statistical relations between samples and populations but do not indicate whether infants make
causal inferences about the eventsaumrsider the person drawing the balls in terms of her

intentions, desires, and preferences.
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Neverthelessa human acting on objects was central to these methods and it was
important(at least to adults) that her eyes were closed. Indeed, in Xu and Denison (2009) if
infants saw the experimenter draw the sample with her eyes opemoritftolds no longer
expected the sample reflect the statistical propertiestok populationSpecifically,if 11-
month-olds.saw an agent draw a sample from a hidden box with her eyes closed (e.g., drew 5 re
balls from the hidden box) then the infants expected the box to have almost all regtheaitls
thanalmost all'white balls-looking longer if the box was revealed to hawmestly white balls.
However, wherhe agent first established that she preferrddedls py initially drawing red
ones from a set of three red and three white, i.e. from a 50/86 Bethe studies described
above) andhen,drew the sample of red balls with her ey, infants looked equally if the
hidden box:was revealed to have almost all red or almost all white alks,infants’
expectation oétatistical sampling was overriddéithe sampt was dawnby an eyes-open
agent with arexpressed preference.

While these studies establish that infants can infer that agentkmwaittn preferences
may causewiolations of physical probabilities, they leave apanyquestions about whether
and how young infants lintogether agents, intentions, and statistical probabilities to learn about
the socialworldimportantly, can infants also use statistigadbabilistic information to infer
persons’ preferences? To help address these questions wevhsitledr infants couldse
violations of probabilities asrmechanisnior learning about psychological causesh as
preferencesAs depicted in Figure 1, weested10-month-olds in a violation of expectation
paradigm tadeterminewhether they make theference that toddlers and preschoolersfidion
statistical patternef intentional actions.

M ethods

Seventy infantsNl = 10.19 months, range 9.6-11)4#rticipated: 26 ithe Minority
Condition,24.intheMajority Condition, and 20 in a Minority-Scoop conditj@8% were
EuropeanAmerican,23% bi-or mulit-racial,6% AfricanAmerican,and &b Asian, Pacific
American_ orother. Twenty-four additional infants did not habituate within the maximum 8
trials; 6 others,were excluded for fussiness.

Infants saw a live actor removéohie balls froma transparent bosontaining blueand
red balls (see Figure 1), saw the actoremove5 red balls fronthe box (not shown in Figure
1). Assignment ofrifantsto these different presentations veasinterbalancedio simplify

This article is protected by copyright. All rights reserved



Infant Social Statistics- 5

reporting,stimuli andconditionswill be describeds if each infant saw the act@move blue
balls from the box.

In Minority condition habituation, acreen descended revealing@manwearing a visor
who looked at the box containing 5 blue and 20 red balls (20% Bllne)voman wore a visor So
that when her,head was lowered it would occlude any further emotion she might dibplay.
womansmiled,Said, Hi”, opened the box saying “Wow.” Thesheremoved two blue balls,
inspected therriefly while smiling and saying “Oh blu& andplaced them in a row in front of
her. She then‘removed two more blue dndhe exact same manndénen one more, totaling 5
blueballs. /At this point $iesaid “LooK” loweredher headlooked directly at the 5 blue balls,
and sat like that until the infant looked away for a period a@jr&secutiveseconds, or until 60
total seconds had elapsedding that trial.

Majority eondition habituation vas identicabxcept that the transparent box contained 20
blue and 5 retalls (80% blue). Ireachhabituationtrial, the womarremoved the blue balls in
the same manner withe same reactions across botimditions.

By hypothesis, if infants in the Minority condition look longer to Chose{the
opposite ofithe‘actor’'s expressed preference),dheyecognizing that intentional actiomkich
deliberately.override physical probabiliti@sdicatea preferencer-ollowing this reasoningf
infants saw@erson produe the same sampldiscordant wittphysical probabilities) but
producedhat specific samplmcidentally rather than deliberatebis would not signal a
preferencelo test this implication, in a Minorit§coop conditionywe employed an action
closelyparallelto our Minority conditiolut wherea sample of blue ballsas taken incidentally
rather thamuintentionallynfants saw a visored woman use a scoagmneove 5 blue balls from
the box in'one scoamy action After putting the scoop on the table the woman then took two
blue balls from the scoop (not the box), then two more, and one final one, reacting tostae ball
this point and_ lining them up on the table just as in the other two condBgmnsing a scoop
and not her.hand and by scooping all balls at once, the Mirfecitgp actions should indicate a
incidentalse@op of blue balls from the box.

Infants,inall threeconditions saw multiple habituation trials until yHeoked
significantly less on thelast 3 trials than their first 3, amtil they saw8 habituation trialsk-or
those who habituated, lookirnignes decreasddom M=22.9s forthefirst threehabituation triad
to M=7.9s forthelastthreein the Minority condition,from 20.8 to 7.4n the Majoity condition,
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andfrom 17.1 to 12.8n the Minority-Scoop condition: t(25)=9.67, p<.00({23)=10.86,

p<.0001% t(19)=5.54, p<0001,respectivelyAn 8-trial maximumwassetbecausén pilot testing
many infantfussed out ohabituation if they had to sit through 10 or 12 trials of this repeated
display.The 8trial maximum also resulted the 24 infants who failed to habituate noted earlier.

After.habituationinfants saw one of twdest events where the screen descended
revealing the visored woman midway between two transparent hekits) contained eithet
redor 4"blueballs The woman smiled, looked at each bow! oiseéd “There,”and lowered her
head to lookewardand grasp a single ball in one bowl (either red or blue). Then the action froze
until the infant looked away for 2 seconds, or 60 total seconds elapsed. Right-left poshm®n of t
bowls was,counterbalancdgor 14/26 infantegn Minority, 12/24 inMajority, and 12/20n the
Minority-Seoop conditions the woman chose blue, fordséshechose redLooking times to
thesetest evergiare shown in Figure 2.

The looking times of 15 infants, five in each condition, were recoded from videotapes by
a coder completely blind to infant®stcondition. Rcodings weravithin 1s of the primary
coders times+far 8.2% of the trialsandwithin 2sfor 93.2%.

Results

Preliminary analyseshowed that infants in the ChodBie and Choos®&ed groups did
not differin*habituation prior to their test trials. A 2 (Cho@dee vs. Choose-Red) by (2
Minority condition vs. Control conditions) ANOVA comparing infants on their looking sifoe
their last three habituation triat®mbined, showed no effect of Choose-Red vs ChBbsge-
groups, noseffect of condition, and no interactionpslP .14. More specifically, in the Minority
condition leeking times for the Choo&tue and Choos&ed groups did not differ: M = 8.5s
average per trigiChoose-Blue) vs. 6.3s (ChooRed);t(24) =1.24p=0.23. Neither did they
differ in the Majority conditionM = 7.9s (Choose-Blue) vs. 7.1s (Chodsed) t(22) =0.31,
p=0.76—or.the MinorityScoop conditiorM = 9.4s (Choose-Blue) vs. 7.2s (Chodded) t(18)
=0.99,p=0.34.

For.the central test event datalléwing our hypotheses, we expedan interaction
between lookingimesto ChooseBlue versuChooseRedtest everdin the focal Mirority
condition as opposed thetwo control condtions infants shouldook longer to the ChoosRed
test eventgover Choosélue test evenjsn the Minority condition, but not in the Majority or
Minority-scoop conditions. A planned contrast comparing Ch@&bse+ersis ChooseRed test
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event lookingimesfor infants in the Minority conditionersusthe two control conditions
(Majority and Minority-Scoop) yielded the expected interaction—F4{)78.66,p<0.035. We
explored this interaction further wittonparametric MantVhitney testdecausgss is typicalin
infant researchiooking times were not normally distributeds Aredictedin the focal Minority
(20%) condition, infants looked longer at the Choose-Red (M = 21.1s) than the Choose-Blue
(M=13.7s) testievenMannWhitney testU (N=26)=47,p=.056. h the Majority (80%)
condition, they“did notyl = 13.6s (ChooseRed vs. 16.5s (ChoosBlue), U (N=24) =64,
p=0.67.Neitherdid theyn theMinority-Scoop conditionM = 12.8 (Choosd&Red)vs.17.1s
(ChooseBlue), U (N=20) =41, p=0.62

Givenour habituation paradigm, infants’ dishabituation to the test events provides
complementary data about their attention and expectaBacsuse all the test events differed
from habituation (the adult went from drawing balls from a single dnbax, to choosing
between two single-color bowls of balls) some dishabituatzombe expectefdr all test events.
But, if during habituation in the Minority condition, infants inferred the adult had def®ci
preferencesforblue balls, then seeing the woman choose a red ball at tesbshsiilildurther
unexpected. 'Such a halitiondishabituation comparison alsalimidualizes each infant’s test
trial looking,times relative to their habituation looking timB#ference score for each infant—
the increase’in lookinfyjom their last habituation trigb theirtesteventtrial—showed that
Minority conditioninfants’ increase was significantly largehen the adult crsered (M=15.09
thanblue (M=3.29; U (N=26)=41, p<0.03. In contrast, in the Majority condition there was no
difference betweemfants whosaw the adult chasered (M=9.3s) versusblue (M=12.0; U
(N=24)=63.5;:p=0.63.Nor was there a differende the Minority-Scoop condition¢ghoose red
(M=5.53) versus blue (M¥1.13, U (N=20)=34.5p=0.31.

Discussion

During.habituation, infant® all conditions sawery similar acts: the actatook 5 blue
balls out of a box of red and blue ones and looked at each draw of blue balls with pleasure.
Moreover,atstest infants inall conditions saw the exacseacts: either a grasp of a red ball
(from its bowl).or a graspfdlue (with thewomen'’s visor occludig any emotional reaction to
her choice)Only two things differed between conditior(&) the actoiintentionallyremovedthe
blue balls froma box containing 20% (Minority condition) or 80@dajority condition) blue

balls or (2) the actodrew a sample ahinority ballsintentionally(Minority condiion) or
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incidentally(Minority-Scoop). Thus, either the probability of drawing the samples was different
(Minority vs. Majority) or the intentionality of the removal (Minority vs Minor8coop) was
different To be clear the actor’s habituation actions in all conditions were intentional in the
overall sense of intentionally drawing balls, looking at them, and placing thenow dt was

the intentionality bthe sample achieved that differed critically between Minority and Mirority
Scoop conditions: deliberately drawing five blue balls in a series of separate dngments
versus incidentally scooping five blue balls in one apparently haphazard scoop.

Ourinterpretations that the pattern of lookingmes show that infants in the focal
Minority conditioninferred a causahtentionalstate—a desire or prefereneefrom a statistical
pattern of actieni,.e., the agent’sleliberatemanipulation of the probabilities. Aadternative
interpretatiorthat infants merelyracked a behavioral regularityan agenthatconsistently
choose®dlueballswill continue that action in testis ruled out because in that casknts
should show the same lookitigae pattern in botiMinority and Majority conditionsYet,
infants looked longer and dishabituated at test only in the Minority conditisacénd
alternativesinterpretatiotinat infants merely reacted to populatsample differencese.g., the
non-random sample drawn bituatiormadethe color of the ballmore salienin the Minority
condition'sg,that a subsequent choice of a red ball during test was especially noye-4gort
alsoruled.out because in that case infants should show the same |biakéngattern in the
Minority and Minority-Scoop conditions. Yet, infants looked longer and dishabituated at test
only in the.Minority condition. Note that to behave as they did in our conditmpsresinfants
go beyondsunderstanding ththe agent is acting intentionally and that intentional actions can
override physical statistical probabilities. It further requires using an agent’s intentional actions
along with/information from statistical sampling to infagents’actionsand preferences.

Two recent studiesomplement our findings by suggesting that infants use non-
randomness.to.infer the presence of agévissand Xu (2011) found that given two samples that
were equally probable, 9-month-olds expectsdguencegattern(e.g., redred-red-white-
white-white-red-red-red),not a seemingly random sequence, to be produced by a human hand
but not by an.inanimate cla®imilarly, Newman et al. (20)@ound that 12-month-oklinferred
the presence of an agent if a disorderly set of objects had been transformed into teyseat

Our conclusiorthatinfants use sociatatistical reasoning and do sartéer
psychological causdsas intriguing implicationsArguably (given our data plukat of Ma &
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Xu, 2011 andNewman et @l.2010), what may be crucial to causal learning in the psychological
domain is that intentional actions characteristically violate physical probabiGtessing blue
balls from a box of mostly red ones, sorting the jumbled socks into their pairs, holding an
unsupportedpoon in midair represent everyday intentional acts and all violate mere physical
probabilitiesdnertias and assortment¥Ve suggest that by observing agents repeatedly violating
physical probabilities in theintentionalactions infant®egin to posit unobservable causal
psychologicalvariables—e.glesiresor preferencesThis may be crucial process facquiring
psychological‘conceptsuch aslesires, preferences, goals, and eventually beiretke first
place

SeveralresearchiEbquestions remain twonfirm and exmre pre-linguistic infants
ability to use statistical information to infagentsmental statesDo, or when doinfants infer a
general prefereneee.g., that the agent would also prefer blue balls tomorrmatherthana
more specific desire-e.g., the agent wants blue balls for ndM?young infants have some
prior (unlearned) notion gireferencesand only usestatistical information téearn about the
particularpreference of specifiagent® Or, as outlinedabove, g infantsrevealinga process
wherebytheybegin to posit unobservable psychological variatdash as preferences)the
first place=that violations of statistical randomness strongly signal the presdrachidden
causal variable (Griffith & Tennebaum, 2007)?

Regardlessour demonstration cfociatstatistical learning id0-month-olds suggests
such learning coulte a powerful contributor tohildhood development of social cognitidrnis
demonstratiomin infancy, coupled wiplaralleldemonstrations for toddlers and preschoolers
(Kushnir,etal=2010),suggestan important and extended continuity in early social cognition. In
this wayour data add to a small but growing set of studies that show that theingrst year
infants not only reason statistically about physical and linguistic evenédbbut social-
psychological.events as wellhese findings demonstrate importaotnmonalitiedetween
social, physical, and linguistic learning in infancy, theretigirag to the literaturen
mechanisms of learning that can propel development further.
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Figure Captions
Figure 1. Schematic of experimental evenits habituation, infants saw a person draw five blue
balls from'a transparent container holding either 20% blue balls (MirariyMinority-Scoop
Conditiong)er80% blue balls (Majority Conditiom).test, infants saw the same person seated
between two wnsparent bowls, one of blue and one of red balls. The person leaned and grasped
either a blue or a red ball
Figure 2._Test event looking time®ata for infants in thehteeconditions (Minority Majority,
and Minority-Scoop) when they saw the targeaspa choose either a red or a blue ball in the test
event in the test situation where the person could freely chiBose.bars represent standard
errors of the'meanAs detailed in the textifferences between the groups within a condition
were:a, p=.056;b, p= 0.67;c, p=0.62
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Figure 1
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Abstract
Preverbal infants engage in statistical and probabilistic inference to learn about their
linguistic and physical worlds. Do they also employ probabilistic information to understand their
social world?2.Do they infer underlying causal mechanisms from statistical data? Here we show,
with looking-time methods, that 10-month-olds attend to statistical information to understand
their so€ial-psychological world and plausibly infer underlying causal mechanisms from

violations 'of‘physical probabilities.

Infants Use Statistical Sampling to Under stand the Psychological World

In recent decades a crucial advance has occurred in our understanding of childhood
development: demonstrations that even young infants use statistical learning (e.g., Saffran et al.,
1996; Téglasyet al., 2011; Xu & Garcia, 2008) to infer the structure of language and the physical
world. Infantswalso live in a social world, full of intentional agents acting in accordance with their
goals, desires, and beliefs. To what extent is statistical learning similarly instrumental for social
understandings in infay?

To adults, overt human intentional actions maniésstnobservable causes:fulfill
desires, agents deliberately manipulate the overt, observable world. For example, a haphazard
handful from'the Halloween candy bowl is unlikely to produce our favoritas semeone
deliberatelysehOoses just five Snickers saminfer she preferred those. In contrast, selecting
from a bowl full of Snickers gives little information for inferring a preference for Snickers over
other candies. Thus, intentigract that violate physical probabilities can inform us about
psychological.causes where the same act in the absence of relevant statistical infeshesson
informative.

Recent studies (Kushnir Xu & Wellman, 2010; Ma & Xu, 2011) demonstrate that
preschoolers and toddlers use violations of physical probabilitiethéke to infer agents
preferences. Consider Figure 1. The Minority-condition agent removes five blue balls from a box
of 80%redones. An observer sensitive to the relation between sample and population could

infer the person drew this nonrandom, low-probability sample because of some sort of desire or
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preference for blue balls. If the person takes five blue balls from a box of 80% blue ones, this
largely reflects the probabilities of the underlying population and as such provides ambiguous
information about her preference. It is intruiging that even toddlers (20-month-olds) infer a
psychological causea preference for one type of object over anetHeom this statistical

pattern, even.when the preference differs from their own. But by 20 months children have
accumulated considerable information about person’s actions and desires (Repacholi & Gopnik,

1997), including verbal information from others (Bartsch & Wellman, 1995; Ruffman, et al.
2002). Conceivablyncountering and using words like “want” scaffoldschildren’s social-

statistical understandings. Thus, data from toddlers alone leave a theoretical gap as to the origins
and naturesofsstatistical learning in understanding human action, a gap that requires data from
preverbal infants to fill.

Previousiresearch extensively and conclusively indicates that preverbal infants infer
preferences from intentional actions that do not violate physical probabilities (e.g., Csibra, et al.,
1999; Phillips & Wellman, 2005; Sommerville, et al., 2005; Woodward, 1998). These studies
typically invelve a repeated presentation (to habituation) of a person reaching for one of two
objects, and infants then look longer (show a violation of expectation) when the person later
reaches for.the previously ignored objesstgnmgly changing her preference or goal). It may be
critical that'two objects are visible to the agent (that the action reflects the choice of one
alternative ovearother, see Luo & Baillargeon, 2005), but choosing one of two objects does not
itself constitute a violation of physical probabilities (50/50 chance).

Onlyafew recent studies have addeelshether infants connect preferences to
violations of;physical probabilities. These studies build upon prior research showing’ infants
sensitivities to the probabilistic relations between populations and samples in the physical world.
For example, Xu and Garcia (2008) showed 8-month-olds a box of white and red lzadiB0+in
20 proportion.. With her eyes closed, an adult drew some balls from the box. Assuming the draw
was randomly.generated, the distribution of balls in the sample should approximate the
distribution.ef'the balls in the box. Indeed, infants looked longer when a sample of mostly red
balls was drawn from this box of mostly white balls. Such data indicate infants are sensitive to
statistical relations between samples and populations but do not indicate whether infants make
causal inferences about the events nor consider the person drawing the balls in terms of her

intentions, desires, and preferences.
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Nevertheless, a human acting on objects was central to these methods and it was
important (at least to adults) that her eyes were closed. Indeed, in Xu and Denison (2009) if
infants saw the experimenter draw the sample with her eyes open, 11-month-olds no longer
expected the sample to reflect the statistical properties of the population. Specifically, if 11-
month-olds.saw an agent draw a sample from a hidden box with her eyes closed (e.g., drew 5 red
balls from the hidden box) then the infants expected the box to have almost all red balls rather
than almost-all'white balislooking longer if the box was revealed to have mostly white balls.
However, ' when'the agent first established that she preferred red balls (by initially drawing red
ones from a set of three red and three white, i.e. from a 50/50 set as in the studies described
above) and then drew the sample of red balls with her eyes open, infants looked equally if the
hidden box'was revealed to have almost all red or almost all white Halls,infants’
expectation of statistical sampling was overridden if the sample was drawn by an eyes-open
agent with an expressed preference.

While these studies establish that infants can infer that agents with known preferences
may causewiolations of physical probabilities, they leave open many questions about whether
and how young infants link together agents, intentions, and statistical probabilities to learn about
the socialworld. Importantly, can infants also use statistical/probabilistic information to infer
persons’_preferences? To help address these questions weedskhether infants could use
violations of probabilities as a mechanism for learning about psychological causes such as
preferences. sdepicted in Figure 1, we tested 10-month-olds in a violation of expectation
paradigm to"determine whether they make the inferences that toddlers and preschoolers do from
statistical patterns of intentional actions.

Methods

Seventy infants (M = 10.19 months, range 9.6-11.43) participated: 26 in the Minority
Condition,.24.in the Majority Condition, and 20 in a Minority-Scoop condit@30 were
European-American, 23% bi- or mulit-racial, 6% African-American, and 8% Asian-, Pacific-
American,.erother. Twenty-four additional infants did not habituate within the maximum 8
trials; 6 others.were excluded for fussiness.

Infants saw a live actor remove 5 blue balls from a transparent box containing blue and
red balls (see Figure 1), or saw the actor remove 5 red balls from the box (not shown in Figure

1). Assignment of infants to these different presentations was counterbalanced. To simplify
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reporting, stimuli and conditions will be described as if each infant saw the actor remove blue
balls from the box.

In Minority condition habituation, a screen descended revealing a woman wearing a visor
who looked at the box containing 5 blue and 20 red balls (20% blue). The woman wore a visor so
that when her,head was lowered it would occlude any further emotion she might display. The
womansmiled, said, “Hi”, opened the box sayii§Vow.” Then she removed two blue balls,
inspected‘them briefly while smiling and sayif@h blue} and placed them in a row in front of
her. She then'removed two more blue ones in the exact same manner, then one more, totaling 5
blue balls; At this point shexid “Look!” lowered her head, looked directly at the 5 blue balls,
and sat like that until the infant looked away for a period of 2 consecutive seconds, or until 60
total seconds had elapsed ending that trial.

Majority eondition habituation was identical except that the transparent box contained 20
blue and 5 red balls (80% blue). In each habituation trial, the woman removed the blue balls in
the same manner with the same reactions across both conditions.

By hypothesis, if infants in the Minority condition look longer to Choose-Red (the
opposite of thewactor’s expressed preference), they are recognizing that intentional actions which
deliberately.override physical probabilities, indicate a preference. Following this reasoning, if
infants saw'a person produce the same sample (discordant with physical probabilities) but
produced that specific sample incidentally rather than deliberately, this would not signal a
preference. To test this implication, in a Minority-Scoop condition, we employed an action
closely parallelito our Minority condition but where a sample of blue balls was taken incidentally
rather thamvintentionally: infants saw a visored woman use a scoop to remove 5 blue balls from
the box in'one scooping action. After putting the scoop on the table the woman then took two
blue balls from the scoop (not the box), then two more, and one final one, reacting to the balls at
this point and.lining them up on the table just as in the other two conditions. By using a scoop
and not her.hand and by scooping all balls at once, the Minority-Scoop actions should indicate an
incidental seoop of blue balls from the box.

Infants,in all three conditions saw multiple habituation trials until they looked
significantly less on their last 3 trials than their first 3, or until they saw 8 habituation trials. For
those who habituated, looking times decreased from M=22.9s for the first three habituation trials

to M=7.9s for the last three in the Minority condition, from 20.8 to 7.4 in the Majority condition,
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and from 17.1 to 12.8 in the Minority-Scoop condition: t(25)=9.67, p<.0001; t(23)=10.86,
p<.0001; t(19)=5.54, p8001, respectivelyAn 8-trial maximum wasetbecause in pilot testing
many infants fussed out of habituation if they had to sit through 10 or 12 trials of this repeated
display. The 8-trial maximum also resulted in the 24 infants who failed to habituate noted earlier.

After.habituation infants saw one of two Test events where the screen descended
revealing the visored woman midway between two transparent bowls, which contained either 4
red or 4'blueballs. The woman smiled, looked at each bowl said€ There,” and lowered her
head to loektoward and grasp a single ball in one bowl (either red or blue). Then the action froze
until the infant looked away for 2 seconds, or 60 total seconds elapsed. Right-left position of the
bowls was,counterbalanced. For 14/26 infants in Minority, 12/24 in Majority, and 12/20 in the
Minority-Seoop conditions the woman chose blue, for the rest she chose red. Looking times to
thesetest events are shown in Figure 2.

The looking times of 15 infants, five in each condition, were recoded from videotapes by
a coder completely blind to infantest condition. Recodings were within 1s of the primary
coders timessfar 88.2% of the trials and within 2s for 93.2%.

Results

Preliminary analyses showed that infants in the Choose-Blue and Choose-Red groups did
not differin*habituation prior to their test trials. A 2 (Choose-Blue vs. Choose-Red) by (2
Minority condition vs. Control conditions) ANOVA comparing infants on their looking times for
their last three habituation trials combined, showed no effect of Choose-Red vs Choose-Blue
groups, noseffect of condition, and no interaction, all ps > .14. More specifically, in the Minority
condition leeking times for the Choose-Blue and Choose-Red groups did not differ: M = 8.5s
average per trial (Choose-Blue) vs. 6.3s (Choose-Red); t(24) =1.24, p=0.23. Neither did they
differ in the Majority conditiorrM = 7.9s (Choose-Blue) vs. 7.1s (Choose-Red), t(22) =0.31,
p=0.76—otr.the Minority-Scoop conditiecAM = 9.4s (Choose-Blue) vs. 7.2s (Choose-Red), t(18)
=0.99, p=0.34.

For.the central test event data, following our hypotheses, we ex@ecinteraction
between looking times to Choose-Blue versus Choose-Red test events in the focal Minority
condition as opposed to the two control dtiods: infants should look longer to the Choose-Red
test events (over Choose-Blue test events) in the Minority condition, but not in the Majority or

Minority-scoop conditions. A planned contrast comparing Choose-Blue versus Choose-Red test-
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event looking times for infants in the Minority condition versus the two control conditions
(Majority and Minority-Scoop) yielded the expected interactidt(1,64)=4.66, p<0.035. We
explored this interaction further with nonparametric Mann-Whitney tests because, as is typical in
infant research, looking times were not normally distributed. As predicted, in the focal Minority
(20%) conditien, infants looked longer at the Choose-Red (M = 21.1s) than the Choose-Blue
(M=13.7s) testevent; Mann-Whitney test U (N=26)=47, p=.056. In the Majority (80%)

condition, they“did not; M = 13sdChoose-Repvs. 16.5s (Choose-Blue), U (N=24) =64,

p=0.67. Neither did they in the Minority-Scoop condition, M = 12.8 (Choose-Red) vs. 17.1s
(Choose-Blue),'U (N=20) =41, p=G2.

Givenourhabituation paradigm, infants’ dishabituation to the test events provides
complementary data about their attention and expectations. Because all the test events differed
from habituation (the adult went from drawing balls from a single mixed box, to choosing
between two single-color bowls of balls) some dishabituation can be expected for all test events.
But, if during habituation in the Minority condition, infants inferred the adult had a decided
preferencesforblue balls, then seeing the woman choose a red ball at test should be still further
unexpected. Such a habituation-dishabituation comparison disadiralizes each infant’s test-
trial looking,times relative to their habituation looking times. Difference scores for each-infant
the increase’in looking from their last habituation trial to their test-event-stadwed that
Minority conditioninfants’ increase was significantly larger when the adult chose red (M315.0s
than blue (M=3.2s U (N=26)=41, p<0.03. In contrast, in the Majority condition there was no
difference between infants who saw the adult seoed (M=9.3) versus blue (M=12)QU
(N=24)=63:5;-p=0.63. Nor was there a difference in the Minority-Scoop condition; choose red
(M=5.53s) versus blue (M=11.}1,3J (N=20)=34.5, p=0.31.

Discussion

During.habituation, infant® all conditions saw very similar acts: the actor took 5 blue
balls out of a box of red and blue ones and looked at each draw of blue balls with pleasure.
Moreover, attest, infants in all conditions saw the exact same acts: either a grasp of a red ball
(from its bowl).or a grasp of blue (with tlkemen’s visor occluding any emotional reaction to
her choice). Only two things differed between conditions: (1) the actor intentionally removed the
blue balls from a box containing 20% (Minority condition) or 80% (Majority condition) blue

balls, or (2) the actor drew a sample of minority balls intentionally (Minority condition) or
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incidentally (Minority-Scoop). Thus, either the probability of drawing the samples was different
(Minority vs. Majority) or the intentionality of the removal (Minority vs Minority-Scoop) was
different.To be clear the actor’s habituation actions in all conditions were intentional in the

overall sense of intentionally drawing balls, looking at them, and placing them in a row. It was
the intentionality 6the sample achieved that differed critically between Minority and Minority-
Scoop conditions: deliberately drawing five blue balls in a series of separate hand movements
versus incidentally scooping five blue balls in one apparently haphazard scoop.

Ourinterpretation is that the pattern of looking-times shows that infants in the focal
Minority condition inferred a causal intentional state desire or prefereneefrom a statistical
pattern of action, i.ethe agent’s deliberate manipulation of the probabilities. An alternative
interpretation that infants merely tracked a behavioral regulagtyagent that consistently
chooses blue balls will continue that action in-teistruled out because in that case infants
should show the same looking-time pattern in both Minority and Majority conditions. Yet,
infants looked longer and dishabituated at test only in the Minority condition. A second
alternativesinterpretation that infants merely reacted to population-sample differemgesthe
non-random sample drawn in habituation made the color of the balls more salient in the Minority
condition'sg,that a subsequent choice of a red ball during test was especially note-wgorthy
also ruled-out because in that case infants should show the same looking-time pattern in the
Minority and Minority-Scoop conditions. Yet, infants looked longer and dishabituated at test
only in the Minority condition. Note that to behave as they did in our conditions requires infants
go beyondsunderstanding that the agent is acting intentionally and that intentional actions can
override physieal statistical probabilities. It further requires using an agent’s intentional actions
along with information from statistical sampling to infigents” actions and preferences.

Two recent studies complement our findings by suggesting that infants use non-
randomness.to.infer the presence of agents. Ma and Xu (2011) found that given two samples that
were equally probable, 9-month-olds expected a sequenced pattern (e.g., red-red-red-white-
white-white=red-red-red), not a seemingly random sequence, to be produced by a human hand
but not by an.inanimate claw. Similarly, Newman et al. (2010) found that 12-month-olds inferred
the presence of an agent if a disorderly set of objects had been transformed into two neat rows.

Our conclusion that infants use social-statistical reasoning and do so to infer

psychological causes has intriguing implications. Arguably (given our data plus that of Ma &
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Xu, 2011 and Newman et al, .2010), what may be crucial to causal learning in the psychological
domain is that intentional actions characteristically violate physical probabilities. Choosing blue
balls from a box of mostly red ones, sorting the jumbled socks into their pairs, holding an
unsupported spoon in midair represent everyday intentional acts and all violate mere physical
probabilitiesginertias, and assortments. We suggest that by observing agents repeatedly violating
physical probabilities in their intentional actions infants begin to posit unobservable causal
psychologicalvariablese.g., desires or preferences. This may be a crucial process for acquiring
psychological‘concepts, such as desires, preferences, goals, and eventually beliefs, in the first
place.

Severalresearchable questions remain to confirm and explore pre-linguistic infants
ability to use statistical information to infer agént®ntal states. Do, or when do, infants infer a
general prefereneee.g., that the agent would also prefer blue balls tomerrmather thara
more specific desire-e.g., the agent wants blue balls for ndwyoung infants have some
prior (unlearned) notion of preferences and only use statistical information to learn about the
particular preference of specific agentd?, as outlined above, are infants revealing a process
whereby they:begin to posit unobservable psychological variables (such as preferences) in the
first place=that violations of statistical randomness strongly signal the presence of a hidden
causal variable (Griffiths & Tennebaum, 2007)?

Regardless, our demonstration of social-statistical learning in 10-month-olds suggests
such learning could be a powerful contributor to childhood development of social cognition. This
demonstrationsin infancy, coupled with parallel demonstrations for toddlers and preschoolers
(Kushnir, etsaly2010), suggests an important and extended continuity in early social cognition. In
this way our data add to a small but growing set of studies that show that during their first year
infants not only reason statistically about physical and linguistic events but about social-
psychological.events as well. These findings demonstrate important commonalities between
social, physical, and linguistic learning in infancy, thereby adding to the literature on
mechanisms of learning that can propel development further.
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Figure Captions
Figure 1. Schematic of experimental events. In habituation, infants saw a person draw five blue
balls from a transparent container holding either 20% blue balls (Minority and Minority-Scoop
Conditiong)er80% blue balls (Majority Condition). In test, infants saw the same person seated
between two transparent bowls, one of blue and one of red balls. The person leaned and grasped
either a blue or a red ball.
Figure 2.Fest event looking times. Data for infants in the three conditions (Minority, Majority,
and Minority-Scoop) when they saw the target person choose either a red or a blue ball in the test
event in the test situation where the person could freely choose. Error bars represent standard
errors of the'mean. As detailed in the text, differences between the groups within a condition
were:a, p=1056:b, p= 0.67;c, p=0.62
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Figure 1
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