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Resear ch Highlights

e Understanding the conditions under which other agents will change their minds is a key
component of social cognition.

o Considerable evidence suggests that children themselves learn rationally from data:
integrating evidence with their prior beliefs.

e Do fourto sixyearolds expect other agents to learn rationally? Can they use others’
prior, beliefs and data to predict when third parties will retain theirfeedied when
they will change their minds?

e Here we use a computational modetationallearningto motivate predictions for an
idealebserver account, as well as five alternative accounts. We found that children
expect:third parties to be rational learners with respect to their own prior beliefs.

e The'data were not consistent with alternative accotmtgrticular, children did not
expect others simply to retain their own prior beliefs, learn from the data without
integrating it with their prior beliefs, @hare the children’s beliefRather children

expected agents to learn normatively from evidence.
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Abstract

By the age ofive, children explicitly represent that agents can have both true and false beliefs
based on epistemic access to information (e.g., Wellman, Cross, & Watson, 2001). Children
also beginto understand that agents can view identical evidence and draw different inferences
from it (e.gv"Carpenter & Chandler, 1996). However, much less is known about when, and
under what'eonditions, children expect other agents to change their minds. Here, inspired by
formal ideal observer models of learning, we investigateliadnls expectations of the

dynamics thatwunderlie third parties’ belief revision. We introduce an agent \stwiba

beliefs about the location of a population of toys and then observes evidence that, from an
ideal observer perspective, either does, or does not justify revising those bétiefsow that
children’s inferences on behalf of third parties are consistent with the ideal observer
perspective, but not with a number of alternative possibilities, includinghhdten expect

other agentsito'be influenced only by their prior beliefs, only by the sampling procesty, or

by the observed datRather, children integrate all three factors in determining how and when

agents will.update their beliefs from evidence.

Keywords:rational action; theorgf mind; learning.

Changing minds: Children’s inferences about third party belief revision

Expectations of rational agency support our ability to predict other peoplessaand
infer their mental states (Dennett, 1987; Fodor, 1987). Adults assunts agjetake efficient
routes towardgheir goals (Heider, 1958; D’Andrade, 1987), and studiils infantssuggest that
these expectations emengery earlyin development (Skerry, Carey, & Spelke, 2083) the
end of the first year, infants casesituational constraints, along with knowledge about an
agent’s goal, to predict an agasractions. Similarly, theyse knowledge of an agent’s actions
and situational constraints to infer the agent’s goal, as well as knowledge of an agent’s actions
and goal to infer unobserved situational constraints (Csibra, Bird, Koos, & Geg@sy,
Gergely & Csibra, 2003; Gergely, Nadasdy, Csibra, & Bird, 1995). Such work has inspired
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computational models of theory of mind that formalize the principle of rationahaantic
successfully predict human judgments (Baker, Saxe, & Tenenbaum, 2009; Baker, Saxe, &
Tenenbaum, 2011; Jara-Ettinger, Baker, & Tenenbaum, 28&Bhoweverwe ask whether
learners’ expectations extend to the more colloquial meaning of the word “fatitmea
expectation,thadtherpeople’s judgments and beliefs have a basis in the evidence they observe.

Note that this is distinct from the question of whether chiltinemselves draw rational
inferencesfrom data. Decades of research suggeseityagoung children can integrate prior
beliefs with'small samples of evidence to infer the extensions of word mysardentify object
categories, learn causal relationships, and reason about otherdirgotdd actions (see Gopnik
& Wellmany 2012 Schulz, 2012; and Tenenbaum, Kemp, Griffiths, & Goodman, 2011 for
reviews).However, despite extensive work on children’s theory of mind (see Wellman, 2014 for
discussion andreview), less is known about how children expect others to leaavitemnce.
Although classic theory of mind tasks look at whether children expleetsto update their
beliefs given diverse forms of epistemic access to-damaluding direct perceptual access (e.g.,
Wimmer &Perner, 1983)ndirectclues (e.g., Sodian, Taylor, Harris & Perner, 1991) and
testimony,(e.g¢, Zaitchik, 1991)these involve a relatively simple instantiation of the
expectation,that others will learn based on their observations of the worldenhileed only
understand'whether the agent does, osthat have epistemic access to beleévant
information. Such studies do not ask whether children understand that agents might evaluate
evidence differently or draw different inferences from identical evidence.

Thestudies that do look at children’s understanding of tiowd parties mighevaluate
evidence suggest that ainterpretative theory of mind” ia relatively late development
(Astington, Pelletier, & Homer, 2002; Carey & Smith, 1993, Chandler & Carpendale, 1998;
LaLonde & Chandler, 2002; Myers & Liben, 2012; Pillow & Mash, 19R98ss, Recchia, &
Carpendale, 200Ruffman, Perner, Olson, & Doherty, 1993). Not until six and sgeansdo
children understand, for example, that an ambiguous line drawing can be viewed asewatdiff
kinds of animals (Carpendale & Chandler, 1996) or that iconic symbols are subjectramtliffe
interpretations,(Myers & Liben, 2012). Young children’s failure to understand that agents can
reach different conclusions from the same evidence suggests that children might have difficulty

understanding how other agents’ prior knowledge affects the interpretation of data.
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Arguably however, understanding that evidence is ambiguous and thus open to
interpretation may be more challenging than understanding the conditions under which others
might be expected to learn from evidence. Relatively little work has looked at hilda¢ic
understand about others inferences from data, and the findings here ard-mixestance, both
four and sixyearolds recognize that an unseen marblest be blue if it islrawn from a bag
containing.only blue marbles; however, only gearolds recognize that a third party (who
knows the“contents of the bag) will make the same inference and thus know the color of the
marble (Sedian'& Wimmer, 1987). However, foigarolds do understand that if covariation
evidence suggests that one of two causes is correlated with an outcome and the experimenter
tricks a puppetbyeversingthe evidence, the puppet will conclude that the wrong variable is the
cause (Ruffman et all993).

Such studies suggest that by four, children are at least beginning to undevstdnc
parties learn from evidende ways that go beyond mererpeptual access ttata. However,
they leave.open the question of whether children can use patterns of evidence to understand
when otherspwill change their minds, ahé degree to whicthildren integrate others’ prior
beliefs in predictingheirlearnirg. Do children expect others to update their beliefs from data in
cases whelearning requires representing not merely an agent’s access to evidence but the
agent’s ability to draw appropriate inferences from the evidence?

To ask whether children expecdhers to rationally update their beliefs from data we
borrow from two influential tasks in the literature. The first is the classic false belief task
(Wimmer &Perner, 1983). The other is derived from work looking at infants and chddren’
understanding‘of the relationship between samples and populations (e.g., Denison & Xu, 2014,
Gweon, Tenenbaum, & Schulz, 2010; Kushnir, Xu, & Wellman, 2010; Xu & Denison, 2009; Xu
& Garcia, 2008)Specifically, we show ahild and another agent (a Frog puppet) two boxes: one
containing.more rubber ducks than ping-pong balls (the Duck box) and one containing more
balls than ducks (the Ball box). The Frog leaves, and thewhiiches athe boxesre either
moved andsreturned to the same location (so the Frog has a true belief about thre ddeatch
box) or switehed (so the Frog has a false belief about the location of each box). AetEsbgt
returns, and both the child and the Frog watch as the experimenter reachesDuicktbex and
draws a sample of three five ducks either apparently at random (without looking into the box)
or selectively (looking in and fishing around). After both the child and the Frog see thle dm
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data, children are asked, “Where does Froggy think the Duck box is now?” See Hguae 1
schematic of the procedure.
[InsertFigure 1 here]

Both the ability to reason about others’ false beliefs (see Baillargeon, &¢tt, 2010)
and the ability,to recognize when data is sampled randomly or selectively (e.g., Xusbmeni
2009) emerge relatively early in development. However, children do not reliablg@rovi
accurate responses in explicit false bdkeks until later childhoo(seeWellman, Cross, &
Watson, 2001 for review) and as nottdgk ability tounderstad that identical evidence can be
open to different interpretatisremerges even latée.g., Astington et al., 2002; Carey & Smith,
1993, Chandler, & Carpendale, 1998; LaLonde & Chandler, 2002; Myers & Liben, 2012; Pillow
& Mash, 1999Rosset al, 2005Ruffmanet al., 1993 Because we are interested not in
children’s own inferences from the data, but in their inferences on behalfiod @arty whose
beliefs may diffeibothfrom the child’sown and those supported by the observed, detee we
focus on 4.5- to Gearolds.

As shown in Table 1, if children expect the Frog to update his beliefs friolenee, then
the cross betweenld and new locations and random and selective sampling predicts a pattern of
responses.distinct from the pattern that wdddyenerated if children adeptmany other
possible response strategiédge will walk through the predictions of our account intuitively;
however, to clarify our proposal, we also include a computational model providing guantita
predictions, for both our account and a number of alternatives, in each experimeditedcon
(See Figure4vand Appendix.) The details of the model are not critical to our praposalgmal
here isnot tesevaluate the Rational Learning model per se. Given that there are only five
conditions, and some of them (e.g., both selective sampling conditions) make overlapping
predictions, correlations between the model and children’s performance mag bergincing
than the relative fit of the rational inference model in comparigdhe alternative models. That
is the analysis.we include hergdditionally, it is helpful to consider the qualitative intuitions
behind these'models insofar as they motivate our predictions and ground our intaidons i
precise statement of what constitutes “rational inference” in this context.

[InsertTable 1 here]

Predictions of therational inference account
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If children expect agents to rationally update their beliefs, they should respong tintl
the type of sampling process and the Fragisr beliek about the boxes’ locatiotsgether with
his knowledgehat the boxes can mov&.sample randomly drawn from a population is likely to
be representative of the population. Thus we predict that in the Random Samplingeendit
childrenshould expect the Frog to use the evidence to verify or update his beliefs about the
location of.the Duck box.

Specifically, randomly sampling three ducks in a row is improbable unless the evidence
is sampled from the Duck box. Thus when evidence is randomly sampled from the Old Location
(OL/RS), children should infer that the Frog will retain his belief and will continue to thirik tha
the Duck boxds,in th©Id location. However, when evidence is randomly sampled from the
New Location (NL/RS_3 ducks and NL/RS_5 ducks) children should behev¢he Frognay
now update hisiformdalsebelief, inferring that the Duck box may have been moved tiNthe
Location. Moreover, the strength of children’s inferences should depend, in a gadezhwhe
strength of.evidence they observe: they should be more confident that Frog will creamgedhi
when theysseedfive ducks randomly drawn from the New Location (NL/RS_5 ducks) than when
they see threesducks (NL/RS_3 ducks) randomly drawn.

Byseontrast, selectively samplevidence isininformative about the population from
which it issdrawnThe experimenter caselectively draw any sampée all (representative or
non+epresentativefrom the population Indeed, if the experimentey trying to guarantee that
she ged three ducks in a row, she shoséinple selectively regardless of whetheristigawing
from the population where ducks are relatively common (the Duck box) or the population where
ducks are relatively rare (the Ball boSincetheselectively sampled evidenteconsistent with
sampling either from boya rational learner who integrates his prior beliefs with the data should
retain his prior beliefsThat is,becausdéoth the Old and New Location are consistent with the
data and onlthe Old Location is consistent with the ageprior beliefs, we predidhat
childrenwill_expect the Fro¢p say the Duck box is in the Old Location in both the Old (OL/SS)
and New Lacation (NL/SS}elective Samplingonditions.

Alter nativetaccounts

In contrast to the pattern odsponsesonsistent with third party rational inferendeable
1, row a), there are a number of other ways children might respond to the question “Where does
Froggy think the Duck box is now?"h@dren might responavith the actualocation of the Duck
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box; this isafter all,the location from which the Fraapegheducks sampled, and also of course
consistent wittwhat thechildren themselves belieyeow b, Table 1)Alternatively, children

might respond witlthe Frog’strue or false beliedbout the location of the Duck box, considering
whether thd-rog, saw the boxes moved or hoit without expecting Frog to updatés beliefs

given the sampledvidence (row c, Table 1Another possibility is thathildren might expect

the Frogto attend tothe sampled evidence but mategate it with his prior beliefs; they may
conclude that'ifth&rog sees randomly sampled evidencevitlestrongly conclude thathe

Ducks are“in‘that location, but if he seegectively sampled evidendee will recognizehat the
evidence isininformative and cha® at chance (row d, Table Yet another possibility is that

the children think the Frog will attend to the sampled evidence but aataéienal learner

would; they“might for instance, think that Frog will conclude that random samplirggaiadithe
sampleof ducksiis pulled from the Duck box atiéhtselective samplingf ducksmeans the
sample is pulled from the Ball b@gsow e, Table 1). bally, childrenmightresponcdat chance
either becausthey genuinely believihatthe Frogwill guessor because different children
choose different strategies and thus, as a group, generate responses indistinguoghable
chance respondingow f, Table 1). Corresponding to the qualitative predictions shown in Table
1, Figure4.shows quantitative predictions for the rational inference accountcanof dae
alternativesaccounts for all of the conditions in our study. The model predictiobs can
compared with children’s behavioral data (Figure 2).

In the experiment to follow, we test these different accounts and predict that children’s
responsesswillkbe best explained as inferring that the Frog will rationally integrate his prior belief
about the boxes’ locations with the type of sampling process he obgéoteshat this specific
pattern ofresponding requires children to track simultaneously the true locatimn@ick box,
the Frog’s, belief about the location of the Duck box, and the probability of generating the
observed sample from the population. The complexity of theisamcessary to distinguish
children’s responding to a third party’s updating of his beliefs from responséseahihight
make on other grounds. (See Table 1.) However, given the complexity of the task, we expected
number of ehildren to have difficulty tracking the true location of the Duck box and thesFrog’
beliefs about the boxes’ locations (especially as the boxes were occluded through thach of
task and differed only in the relative proportion of their contents). Of coursérezhidan only
reason accurately about how the Frog might update his beliefs given the sample if they
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remember both the true location of the Duck box and the Frog’s beliefs about tienloCatis
we made an a priori decision to focus our analysis on the responses of the children who
successfully answered both check questions.

Method
Participantsand Materials

Two, hundred and six children (mean: 66 months; range: 34e88hs) were recruited
from an‘urban‘children’s museum and participated in the siumytesting occurred in three
waves in thefollowing orderlNL/RS_3 and NL/SS; OL/R&nd OL/SS; NL/RS_5Within each
wave of testing children were randomly assigned to condition. Testing contintiegD
children passed the check questions in each condition. (See Inclusion Questionsvtd foll
While mostof the children were white and middle class, a range of ethnicities and
socioeconomic'backgrounds reflecting the diversity of the Boston metropolitan area (47%
European American, 24.4% African American, 8.9% Asian, 17.5% Latino, 3.9% two er mor
races) and.the museum population (29% of museum attendees receive free or discounted
admission)were represented.

Tworblack cardboard boxes (30 Yrvere each separated into two sections by a
cardboard-barrier. The front side of both boxes was a diestiqgopanel with a sheet of black felt
velcroed.oever it. Each box had a hand-sized hole in the top. For one box, referred to aglhe “D
box,” the front section was filled with 45 rubber ducks and 15 ping-pong balls. For the other box,
referred to.as th&all box,” the front section was filled with 45 ping-pong balls and 15 rubber
ducks. (3:rratios were chosen because they are easily discriminable by preschoolers and because
three consecutive ducks are far more likely to be randomly sampled from the Dublabdiet
Ball box.)The back sections of both boxes also contained rubber ducks ambpgballs, and
were hidden from view. Each box was placed on a colored mat. A Frog puppet served as the
agent.

Design and. Procedure

We erossed the twiocations where the Duck box could be at the end of the study (Old
and New) and.two kinds of sampling processes, sampling three ducks, from the Duck box
(Random and Selective), yielding four conditions: the Old Location/Random Samplif@SDL
condition, the New Location/Random Sampling (NL/RS_3 ducks) condition, the Old
Location/Selective Sampling condition (OL/SS), and the New Location/Selective Sampling
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(NL/SS) condition. We also ran a condition in the New Location/Random Sampl&gncas
which childrensaw a sample of five ducks drawn from the New LocaMi’'RS_5 ducks)We
included this condition to ask whether children drew graded inferences that depenued on t
amount of randomly generated data the Frog observes (i.e., children should be more likely to
think the Freg,might change his mind given more randomly sampled data inconsistent with his
prior beliefs).

Pr eference Phase.

In all*eonditions, the experimenter showed the child the Duck and Ball boxes ssitdeby-
on a table (L/R counterbalanced across participants). Each box was placed on a different colored
mat, red orblue, to help children track the identities of the boxes. Initially, tHedehe boxes’
front sections.«Children were given a duck and a ball, not drawn from either box to hdid brief
The experimenter then lifted the felt, revealing the front sections of both boxesdiri®sa
box has mostly ducks, and one box has mostly balls. Which box has mostly ducks? Which box
has mostly.balls?” If the child answered incorrectly,@kperimenter told the child the correct
answer andwrepeated the questions.

Next, the experimenter introduced the agent, “Froggy,” saying, “This is my friend
Froggy!" The experimenter said, “Froggy likes ducks better than balls.” The expeeinthen
asked thesFrog if he wanted to play with the ball. The Frog replied, “No, | only like ducks!” The
child was asked to hand the Frog his favorite toy. The Frog’'s preference for ducks was
established to help children track the Frog’s goal of locating the Duck box. Next, bokildhe ¢
and the Frog'earned that the boxes could move in two ways. The experimenter said, “The boxes
can move sesthat they are in the same place,” and “The boxes can move so that they are in
different places.” (For the former, the exipgenter rocked the boxes back and forth three times.
For the latter, the experimenter moved the Duck box from the red mat to the blue dme and t
Ball box from.the blue mat to the red one, or vice versa; counterbalanced acrocgsapdst)
The experimenter then asked the Frog, “Which box do you like best?” The Frog approached the
Duck box and'said, “I like this box! I like the Duck box!” The experimenter returreetdkes
to their original locations. The experimenter asked the child to point to the box the Frog
preferred; all children answered correctly.

Belief Phase.
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Next, the experimenter told the child that the Frog was tired and hid him undabldhe
Children watched as the experimentecogered the front of both boxes with the felt. For
children in the Old Location conditions, the experimenter rocked the boxes back and forth
saying, “I’'m going to move the boxes so that they are in the same place.” For children in the
New Location,conditions, the experimenter switched the locations of the baymg, “I'm
going to play atrick on Froggy! I'm going to move the boxes so that they are in different
places.”

I nclusion' questions.

In Both conditions, the experimenter then asked children two questions to checkyhat th
understood the,truecations of the boxesdcation check) and the Frog's beliefs about the boxes
(belief check). Thelocation check question was, “Where is the duck box?” THekef check
guestion was, “Where does Froggy think the duck box is?”

Sampling Phase.

The,experimenter brought the Frog back saying, “Look, Froggy is back!” The
experimenter-asked the Frog to watch the two boxes and then responded to a pretend phone call
saying, “Hello?°Oh, you want me to take three (five in the NL/RS_5 condition) ducks from the
box m thesred (blue) mat?” (The experimenter always named the actual location of the Duck
box.) We.included the phone call to dispel any impression that the experimenter was
pedagogically sampling from the box in order to teach the Frog (or child) the actualraxfati
the Duck box. Note that pedagogical sampling is always selective but intentional sampling ¢
be either randem or selective: one can intentionallyghjéctsout at random or intentionally
choose particular objects (see e@weon et al., 2010 for discussion). In the Random Sampling
conditions, the experimenter looked over her shoulder (i.e., not into the box) and reached through
the hole into the Duck box three times in rapid succession, drawing out a duck each time and
counting out.“One, two, three (four, five, only in the NL/RS_5 condition)”. In the Selective
Sampling conditions, the experimenter peered through the hole into the Duck box and kept her
hand insidesthe box for approximately two seconds before retrieving a duck. She counted,
“One...two%nthree” after finding each duck. After sampling three ducks from the box and ending
the pretend phone call, the experimenter asked, “Froggy, did you see that?” to which the Frog
replied, “Yes.”

Test Phase.
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In the final phase of the experiment after the sample of three ducks was draavenchi

were asked the critical test question: “Where does Froggy think the Duck box is now?”
Results

Inclusion Questions

Children’s responses were coded from videotape by the first authory-seven
percentof the data was coded by a second coder, blind to ttmamdnd hypotheses.
Inter-coderreliability was highkappa = .95, 98%greement

We"coded children’s responses to the location (“Where is the duck box?") and
belief (“Where does Froggy think the duck box is?”) check questions. Of the 206 children
tested, 3%:(\»=,150) answered both questions correctly (“trackers”) artd N = 56)
answered onesor both of the check questions incorrectly ¢hackers”). The number of
children excluded for failing only the location question, only the belief question or both
by condition is as follows: NL/RS_3: location: 6; belief: 2; both: 4; NL/RS_5: location: O;
belief: 7; bath: 8; NL/SS: location: 1; belief: 12; both: 4; OL/RS: location: 4; belief: 3;
both: 0; OUSSwlocation: 1; belief: 4; both: 0.

Non#rackers wergounger than trackers (ndrackersM=64 months; trackers:
M=67 monthst(204) = 2.52p = .01,d = .39. Nontrackers may have subsequently
given responses about the Frog's belief that did notatafifformation necessary to make
accurate rational inferences on behalf of the Frog so we excluded these children from our
primary afalysisThis resulted in a final sample NE150 (536 femalé) children across
the five conditions: NL/RS_3(= 30, Mage= 65 MoO; range: 54-78 month NL/SS (=
30, Mage= 66:MO.; range: 54- 82 monthg OL/RS (= 30, mage=66 mMo; range: 54-81
monthg, QL/SS (= 30, myge= 68 mo; range: 55- 82 months), and NL/RS_% € 30,
Mage= 69 Mo.;range: 57- 83 months). Age in months did not differ across conditions
(F(4, 145 =105,p = .38).

Note, that more children failed the inclusion questions in the New Location
condition thanthe Old Location condition (unsurprisingly since the New Location
condition involved tracking both a change of location and representing a false belief). On

average, 8.67 more children were excluded for failure to track the boxesbhscatid/or

! Information on the children’s gender was available onl\B8i86 of the children; the reported
percentage reflects this ssample.
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the Frog’s beliefs in the three New Location conditions than the two Oldibnca
conditions (a 33% exclusion rate versus a 17% exclusionxrate1). This raises the
possibility that the included sample of children in the New Location might ditier fr
those in the Old Location condition in any of a number of ways (e.g., including being
more attentiver motivated, having better theory of mind or executive function skills, or
differing with respect t@thercognitive abilities).

Critically'however, the rational learning account does not predict bettareor e
simply uniformlydifferent performance inhe New Location conditions than the Old
Location conditions (predictions whose investigation could be confounded to the degree
that one grouprof children met more stringent inclusion criteria than the other). Rather, it
predicts a‘precise pattern of pesses depending jointly on the Frog’s initial beliefs
about the box’ location, the sampling process, and the amount of evidence observed.
That is, this account makes predictions within each condition (where there are
differences.in exclusion rates)aalso predicts both commonalities and differences
across conditions\either the prediction that, within each condition, children should be
more likely*to'expect the Frog’s beliefs to be informed by randomly than selectively
sampled-evidence, nor the prediction that children should strawger inferences for the
Old than.the"New location condition given randontiyt(not selectivelygenerated

evidence, can be accounted for by an overall difference between the two conditions.

Test Question

Because we had a priori hypotheses about the pattern of results, we performed planne
linear contrasts/Ve formalized the prediction that the responses in the New Location/Random
Sampling.conditions would differ from the other three conditions, and thather three
conditions would not differ from each other by conducting the analyses with following sieight
New Location/Random Sampling with three ducks (3), the New Location/SeleativgliSg (-
2), the Old Location/ Random Sampling (-2), the Old Location/Selective Samy#linguid the
New Logcation/Random sampling with five ducks (3).

Forthe 1% children who recalled the Frog's belief as well as the boxes’ actual locations,
thelinear contrast was significarfe((l, 149) = 19.54p < .001,n?= .35).Children were
significantly more likely to believe therog had updated his belief to the New Location in the

New Location/Random Sampling conditions than in the other conditions, (percentagdreinchi
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choosing NewLocation by conditionNL/RS_3: 63%; NIRS_5: 77%; NL/SS: 13%)L/RS:
3%; OL/SS:27%; see Figure 2.)
By contrast, for the children who answered at least one of the check questiongilycorre
(the nontrackers), the linear contrast wast significant E(1,55) = 1.78 p=.15,n°= .12).
Instead, children appeared to either respond at chance or respond to the lastwdtae they
had seen the ducks. See FigureC3ucially, these results suggest that the children who met the
inclusion criteria were not simply defaulting to some baseesponse pattetout were instead
responding as predicted: inferring that the Frog would rationally update his lhelia the data
We restrict our analyses to children who pass the inclusion criteria because there
is no clearwaysto interpret thesponses of children who lost track of the boxes’ location
or failed to'represent the Frog'’s initial beliefdowever the linear contrast remains
significant if all 206 children are includeB((l, 205) = 10.314p < .001,n°= .22),

suggesting,that.thesults are robust to the exclusion criteria.

[Figure 3 about here]
Looking within each condition, children chose the Old Location significantly more often
than chancesin-all conditions (percentage of childteyosing Old_ocation NL/SS: 87%p <
.001; OL/RS: 97%p < .00 OL/SS: 73%p = .02 by binomial test) except the NL/RS_5
condition where they chose the New Location above chance (77% of children choosing=New;
.005 by binomial test) and the NL/RS_3 condition where they chose at chance (€éi3tdren
choosing Newp = .20 by binomial test).

Our hypothesis made several kagdictions about differences between conditions. First, if
children expeetsthe Frog to be sensitive to the distinction between randomlydamgl
selectively'sampled edence, then given the same prior beliefs and evidence, they should expect
the Frog® draw stronger inferences from randomly sampled evidence than selectively sampled
evidence. Children’s inferences did indeed depend on the type of evidence sampéed. In th
comparison between the New Location/Random Sampling_3 condition and the New
Location/Selective Sampling condition children were more likely to update the Frog's false
belief and infer the Duck box was in the New Location in the Random Sampling than the
Selective Sampling condition, as warranted, (Fisher’'s epact001). Similarly, children were
more likely to think the Frog would infer that the Duck box was in the Old Location @lthe
Location/Random Sampling condition compared to the Old LocagterBveSampling
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condition (Fisher’'s exacp = .03).The fact that children made comparable inferences in both the
conditions suggests that the results cannot be explained by differences imhibetief
understanding in the two conditions (i.e., as a byproduct of the different inclusiom ridtes

New and Old Location conditions). Rather, children’s tendency to expect the Frogfs tiebe

more influeneed by randomly sampled than selectively sampled evidence in bothoognditi
consistentwitlihe Rational Learning account since indeed, randomly sampled evidence is more

informative'than selectively sampled evidence about the population from wisaratvn.

Alseraspredicted, numerically more children said the Frog would update his belief when
five ducks were randomly sampled than when three ducks were randomly sampled. The
difference between the NL/RS_3 condition and NL/RS_5 condition was not sagmiffeisher’s
exact,p = 40);:however, the graded nature of children’s inferences wasstenswith the
predictions.of.the rational inference model.

Finally, as predicted;hildren were sensitive to the Frog’s prior beliefs. Given identical
evidence and sampling processes, children drew different inferences when the data were sampled
from the Qld'Location and the New Location. Thus given three ducks randomly sampled from a
locationgchildren’s inferences about what he would learn from the sample depended on the
Frog’s prior beliefs about the location of the Duck Box. Children were confident thatdbe
would believe'the randomly sampled data indicating that the Duck Box was in theatidroc
(97% of children in the OL/RS chose Old) but did not make as strong an inference when the
randomly sampled data suggested the Duck Box was in the New Location (63% of children in
the NL/RS_3 chose NevQL/RS vs. NL/RS_3Fisher’s exactp = .002). The analogous
comparison.between the selective samplingddmns was also significanthe Rational
Learning.model predicts that children should choose the Old Location in botliveetachpling
conditions because selective sampling is uninformative about the population fromitvidic
drawn. As predicted, children interpreted identical evidence differently deygeowithe Frog’s

prior beliefs about the location: children were more likely to choose the Oldidwaathe

Z Note that although ages did not differ significantly across conditions, the meanchgje rein

in the NL/RS_5 condition was 69 months, compared to 65 months for children in the NL/RS_3
condition. We are grateful to an anonymous reviewer for pointing out the possibilityishat th
age difference may have contributed to children’s stronger inferences in tR& Ni_tondition.
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OL/SS condition (73%) than they were to choose the New Location in the NL/SS condition
(13%; Fisher’s exacp < .001).

As a further test of the hypothesis that children’s judgments on behalf of theefsmy
an expectation of rational learning, rather than any alternative model (TatdecBndirectly
compare the.Rational Learning model walternative modelasing a Bayes factor analyses (see
Gelman, Carlin; Stern, Dunson, Vehtari, & Rubin, 2023)is clear in Table 2 and Figure 4, the
Rational Learning Model outperforms all of the alternative models in predictirdatheSee
Appendix fordetails.

[Insert Table 2 and Fige 4 about here]

Finallyswe looked at whether the ability to make the rational inference on loé tiadf
Frog changedibetween 4.5 and 6 years. We coded children’s responses as a “1” if theydesponde
with the Old Logeation in the Old Location/Random Sampling, Old Location/Sete8ampling,
and New Location/Selective Sampling conditions and with the New Location in tihe Ne
Location/Random Sampling conditions antd” if they responded otherwise. The logistic
regressionswas marginally significant, sustiyeg a trend for older children to be more likely to
expect others:to rationally update their beligfs,0.043.024), z= 1.791,p = .073. See Figure 5.

[Figure 5 about here]
Discussion

The results of the current study suggest that by four-dmalfaehildren not only expect
agents to ‘act rationally with respect to their goals (Gergely & Csibra, 2008gxpect other
agents to learnyrationally from datdo make inferences on behalf of another agent children
needed tointegrate the agent’s pheliefs with the evidence the agent observed and the way the
evidence was samplechildrenwereinclined to believe that the Frog would change his mind
only when.there was strong evidence against the Frog’s prior belief (i.e., in the New
Location/Random Sampling conditions). Children did not expect the Frog to change his mind
when the evidence was consigtevith hisprior beliefs Old Location/Random Samplinlew
LocationSelective Sampling or when the evidenaeay haveconflicted with the Frog’s por
beliefs but'was weak and thus provided little ground for belief revision (Old Lo&iective
Sampling).

Althougheven the youngest children in our sample were able to draw inferences about
how a third party would update his beliefs from data, this study provides suggesgtamcev
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that thisability might increase with age-uture research mighaok both athow children’s

ability to draw inferences about others’reiag changes over development and investigate the
origins of this sengvity earlier in childhood.A basic understanding of how evidence affects
others’ beliefs (e.g., the understanding that seeing leads to knowing; Onishi &dgzit, 2005;
Pratt & Bryant,1990; Senju, Southgate, Snape, Leonard, & Csibra, 2011) emerges very early.
This knowledge, together with the ability to make predictions about rational actems op the
possibilitythatin' simpler contexts, even younger children might be able to draw inferences
about how'third parties might update their belieferfdata. It is also possible thahddren’s
representations of the processes that underlie belief revision may support the emergence of
broader abilities in interpretive theory of mi(astingtonet al., 2002; Carey & Smith, 1993,
Chandler & Carpendale998; LaLonde & Chandler, 2002; Myers & Liben, 2012; Pillow &
Mash, 1999Rosset al., 2005Ruffman et al., 1993¥uture research might investigate the
relationshippetween understanding that evidence conflicts with prior knowledge and
understanding thavidencecan be ambiguous depending on prior knowledge.

As discussed, children might have made a wide range of other inferences. In particular,
they might'have assumed the Frog'’s beliefs would mirror their own; they might cagmimed
that the Fraeg'deliefs depended on epistemic access to the location of the biaxidaito
recognizesthat the Frog might update his bsldsed on inferential evidence tloey might
have expected the Frog to attend to the sampled evidence but not have expected the Frog to
integrate this evidence with his prior belieféet, children in this study were able to make
predictionsrabout what the Frog would think about the location of the Duck box given the
evidence, even though they themselves always knhewrte location of the Duck box.
Moreover, children were able to draw different inferences depending on the ambiguity of the
evidence, showing different patterns of responding in the Random and Selentplen§a
conditions. This,suggests that children can draw inferences that are sensitive both to the
distinction between their own and others’ prior knowledge, and to the strength of theatlata t
others observe. We believe this finding is broadly consistent with an emerging bodyatrié
suggesting‘that children make relatively nuanced decisions about when and whatfrotear
others (Bonawitz, Shafto, Gweon, Goodman, Spelke, & Schulz, 2011; Corriveau & Harris,
2009; Gweon, Pelton, Konopka, & Schulz, 2014; Jaswal, 2010; Jaswal, Croft, Setia, & Cole,
2010; Koenig, Clement, & Harris, 2004; Koenig & Harris, 2005; Stiller, Goodman, & Frank,
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2015). Our study extends the literature by suggesting that children also makelyatatwveed
decisions about how and when children will expect others to learn.

The current study however, does not indicate how broadly this ability extends, nor does it
suggest the conditions under which children might fail to expect others to rationally update their
beliefs from.data.Here we suggest an account of how children might make normative judgments
on behalf of third parties; future research might test the limitations of this ac&lsot.as
discussed,the“current study was motivated in part by predictions from an id&&keolnsodel of
rational inference. The ressilare broadly consistent with that account. However, providing a
rigorous test of the quantitative predictions of the rational inference modeltantave
accounts remains an important direction for future work.

As adults, we expect other agetuse rational actors nainly in terms of the paths they
take towards their goals, but also in terms of how teagorabout evidencddere we find that
children’s developing theory of mind supports the same kinds of inferences. By four afhd a hal
childrenare able to integrate others’ priarowledge and observed evidence to support

predictionsrabout when others will retain their beliefs and when they will cliagigeninds.
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Figure 1. Schematic of the procedure. In the Preference phase (a) children are shown the two
boxes with different proportions of ducks and balls and ask to identify the Duck box and Ball
box based each box’s majority object. Then children are introduced to the Frog puppet and his
preference for ducks and the Duck box and then learn, along with the Frog, that the boxes can
either each.move back and forth to stay in the same location or move from one side to the other
to switch locabns. In the Belief Phase (b) children either see the boxes switch locations (New
Location condition) or stay in the same location (Old Location condition) whilertuei$

absent. When'the Frog returns, he will either have a false belief about thenaddatie Duck

box (New Location condition) or a true belief about the location of the Duck box (Olddmwcat
condition) ,Children are asked two check questions to confirm they have tracked tiom$ooht

the boxes andrthe Frog’s belief at the end of the Belief Phase. In the SamplincPties€&rog
returns and theexperimenter samples either randomly (Random Sampling condition) or
selectively (Selective Sampling condition) from the hidden Duck box. At the Test éhlasen

are asked where the Frdgrtks the Duck box is.
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Figure 2. Proportionof children who passed the inclusion criteria (“trackeveiip chose the

New Iocas' nin each condition in response to the test question about the Frog’s belief.
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n=12 n=15 n=17 n="17 =13

Linear ContrastF(1, 55)=1.78,p = .15,n%= .12

Figure 3. Proportion ofchildren who failed the inclusion criterignpn-trackerg) who chose the
New Ioca@ach condition in response to the test question about the Frog’s belief.
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Figure 4. Predictions made by the Rational Learning Model for the rational inference model
along with the five alternative models f{b-The Rational Learning Model (gyovides the best

fit to the children’s responses. (See Figure 2 and Table 4.)
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Figure 5. Children’s responses were coded as a 1 if they were consistent with the expectation of
rationallearning and a O if otherwis&here was a nosignificant trend for children’s

performance to improve with age.
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Table 1. The predictions for the dominant response pattern if children expect other agents to
engage in rational learning from data argelisin row a. The * indicates that the probability

that children think the Frog will change his mind should depend on the strength of the
evidence the Frog observes. Possitilernativepatterns of responses to the test question in
each of the four coniibns: New Location/Random Sampling (NL/R8)ew

Location/Selective Sampling (NL/SSYId Location/Random Sampling (OL/RS); Old
Location/Selective Sampling (OL/SS). OLD indicates that the child would point to the original

location of'the'Duck box and NEW that the child would point to the new location.

New Location New Location Old Location Old Location

Random Selective Random Selective
Sampling Sampling Sampling Sampling
Response«Pattern NL/RS NL/SS OL/RS OL/SS
a) Rational Learning NEW* OLD OLD OLD
b) Actualdocation
(or child’'s*own NEW NEW OoLD OoLD
beliefs)
c) Frog’s-beliefs
(without updating OoLD OoLD OoLD OoLD
from data)
d) Sampled'data
(without prier NEW CHANCE OoLD CHANCE
beliefs)
e) Randanttay;
SelectiveShift NEW OLb OLb NEW
f) Chance CHANCE CHANCE CHANCE CHANCE
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Table 2. Bayes factor analyses comparing the Rational Learning model with the alternative

models.
Correct Prior Belief Random- Sampled Chance
Location Stay/ Data
Selective
Shift
Rational 33.73:1 4298 :1 26.32: 1 45.80:1 146.20: 1
Learning:
Appendix A

Computational M odel

Torhelp=clarify our proposal and specify what counts as “rational inference” in these
contexts, we developed a computational model that provides quantitative predicticathfor e
experimental’condition. The model specifies how a rational agent would behave whatedrese
with the same task that we gave our participaAthough many studies have used Bayesian
models to assess children’s ability to update thwir prior beliefs from data (see Gopnik &
Wellman, 2012; Schulz, 2012; and Tenenbaum et al., 2011 for reviews) to our knowledge, this is
thefirst attempt'to consider children’s ability to predict wiaeother agent will (or will not)
change his mind by considering both that agent’s access to the data and his preorfeady,
note that in sggesting that children’sational inferences on behalf of a third party can be
captured by a Bayesian inference model, we do not mean to suggest that children have
conscious, metaognitive access to these computations; rather, we suggest that such
sophisticated computations may underlie the many implicit, rapid, accurate judgnaents
support everyday social cognition. Figdren the Main Textisplays the predictions of our

model for each of the candidate hypotheses of Table 1 in the Main Text.
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The malel is specified at two levelgzirst, we built a model of the Frog as a rational
learner, given the information that he has available to him. Then, we modeledrchildtional
inferences about the Froghus two levels of rational inference are eganted: the Frog's
beliefs about the location of the box, and the child's beliefs about the Frog’s.beliefs

We adopt a Bayesian framework for modeling both these levels of rational inference.
Bayesian inference models a learning event as an interactiwo ¢dictors: the agent’s prior
beliefs aboutahypothesis, before seeing new géig:and the probability that the hypothesis is
true given'the'newly observed data, the likelihp@d | h). These combine to yield the agent’s
updated posterior belig{h |D). Given new data bearing on a hypothesis, Bayes' rule specifies
how a ratignalagent should update her beliefs as:

p(h| DYe p(D | h)p(h).

We now turn to the model of the Frog’s inference, from the perspective of an ideal
observer (which we can consider the child as approximatidg)each experimental trial, the
experimenter.draws ducks from the Duck box, either randomly or selectively, and the boxes may
or may not'have been switched. At that point, both the child and the Frog know whether the
sample is drawn randomly or selectively but only the child knows whether the boxes have been
switched."Hoewever, the Frog has some prior beligf, about whether the boxes were
switched«in his absence (given the demonstration that they can be switdhietl)isvequivalent
to having a prior belief about which box the ducks are being drawn Wdencan specify these
asP(Nauck) =uPswiteh for the Dick box ando(hpai) = 1 -Pswiteh for the Ball box. The Frog must
integrate this prior belief with his observation of three (or five) ducks beingndram the box.

Under randem’sampling, the probability of drawinducks and zero balls, with replacenfent

from thesducksbox ifigyck = (45J = GJ ; similarly the probability of drawing n ducks from

60

the ball box i = (ij (these quantities specify the likelihood of the data given each

hypothesis). Under selective sampling, the experimenter explicitly reached iiaxtte pull

3 While theexperiment used sampling without replacement, our model used sampling with
replacement because the analysis is conceptually simpler dadg®mpopulations (i.e., the 60
objects in the box here) the difference between the distributions underlyingregamith and
without replacement is negligible
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out a duck and thus the probability is 1 from each box. The posterior Ipéhgfs | D) and
p(hwar | D) are then given by Bayes’ theorem above:

3
p(hduck ‘ D) o« p.s'wifch * [_

i 1 i
4J and p(hbail ‘ D) o« pswiich * [_J (1)

4
in the casesofsrandom sampling, and
p(hduck |D) oc pswirch and p(hbaﬂ ‘ D) o pswzrch (2)

in the case of selective sampling.

Thus we have a posterior distribution over the two hypotheses, where the posterior
probability:thatthe sample is drawn from the Duck box increases as the nurrdoedtarhty
sampled ducks increases, and remains equal to the prioragheetive samplingThis reflects
our intuition that the evidence is stronger with each new randomly sampled duck antedcha
with each selectively sampled duck.

Havingrspecified a rational model of the Frog’s inference, we now describe ourahodel
theexperimental participantsVe propose that children can approximately simulate the above
inference/and when asked to say where they think the Frog thinks the duck box is, they report
the output of this computation, subject to two approximatidyssis standard practice when
modeling behavioral responses (Denison, Bonawitz, Gopnik, & Griffiths, 2013; Gweon,
Tenenbaum,.& Schulz, 2010; Xu & Tenenbaum, 2007), we assume that children probability
match; that is, the frequency with which they select respasigesportional to the posterior
probability-efseach hypothesis. In a population of participants, this rule givesilautistr of
responses that mimics the distribution of posterior beliefs, and it is an efficient scheme for
approximating probabilistic inference (Vul, Goodman, Griffiths, & Tenenbaum, 2014).3%e al
consider the possibility that on each trial, there is a nonzero probabilityhtltten may have
been inattentive or confusellVe therefore include a noisy response parameiegs,, estmating
the probability‘that a participant gives a box choice selected uniformly at randaadin$the
response predicted by the mod€&€hus our model at this point has two parameters: the Frog’s
prior belief,psiitch, @about whether the boxes were switched, and the noisy response parameter,
Perror- TO estimatesich, We used the ratio of children’s responses on the initial belief question:

28
Pswitch = m =.157
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We have no analogous way to derive a plausible independent and numerically precise
estimate operor. FOr the resultslisplayed in Figure Ave seperor = .25; as children had to pass
two inclusion checks, at most 25% of included children could haee answering at chance

While we have described our model mathematically, it is possible to implement this
model impligitly by simple sampling operations, without making anyiexgtatistical
calculations.We describe one such implementation writkenthe probabilistic programming
language Church (Goodman, Mansinghka, Roy, Bonawitz, & Tenenbaum, 2008; Goodman &
Tenenbaum;2014).

We implemented the Rational Learning model, and all of the alternative models
presented.n Fable 1 in the probabilistic programming language Church (Goodman et al., 2008;
Goodman'& Tenenbaum, 2014). We used the webchurch implementation, available at

https://github.cam/probmods/webchumhinteractively ahttps://probmods.org/play-

space.html| To evaluate the following Church code, copy and paste the code text into the
environment available in the latter link.

Thesfollowing code block is sufficient to reproduce all of the model predictions dekscribe
here; to obtainithe predictions for individual conditions given a specified modeFyrttoali
variables'nurrdraws, actuaswitch, and samplingnanner as described in the text. To obtain the
predictions-of different (alternae) models, replace the uncommented code with the appropriate

commented code below.
= UTILITIES
(define (countsatisfying x I)

(length (filter (lambda (r) (equal? r x)) 1))

(define (percentage-satisfying x 1)
(/ (countsatisfying x I) (length 1)))

(define (aggregatsamples Ist)
(list ‘(left right) (list (percentagsatisfying 'left Ist) (percentaggatisfying 'right Ist))))

;; BEGIN MODEL SPECIFICATION
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(define duck-box-num-ducks 45)

(define duck-box-num-balls 15)

(define ball-bex-num-ducks 15)
(define ball-box-num-balls 45)

(define (make=number-container dd db bd bb)
(lambda((box object)
(case box
(('duck)«(case object
(('duek) dd)
((ball) db)))
((ball) (case object
((*duek) bd)
((bail) bb))))))

(define nums
(makenumbereontainer
duck-box-num-ducks
duck-box=nunballs
ball-boxnumeducks

ball-boxhum-balls))

(define (randonsamplefrom-box box)
(if (flip (/ (Aums box 'duck) (+ (nums box 'duck) (nums box 'ball))))
'duck
‘ball))

(define (sampldrom-box box sampling-manner likes)

(case samplingnanner
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((‘random)
(randomsamplefrom-box box)
)

(('selective)

likes)))

(define (samplen-from-box box samplingnanner likes n)
(let ((f (lambda () (sampt&om-box box samplingnanner likes))))
(repeat'n 1)))

(define (makesaxes | r)
"((left 1) (right_,1)))

(define (left'boxes)

(assoc 'left boxes))

(define (right boxes)
(assoc 'right boxes))

(define (boxmajority-object box) (last box))
(define (leftbexsprimary-object boxes) (last (left boxes)))
(define (rightbox{rimary-object boxes) (last (right boxes)))

(define (which-box object boxes)
(cond
((equal? (lefbox-primary-object boxes) oleyct) (left boxes))
((equal?(right-boxyrimary-object boxes) object) (right boxes))))

(define (whichside box) (first box))
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(define (wheras ob boxes)
(which-side (whichbox ob boxes)))

(define (box-orside leftor-right boxes)
(case lefior-right
((left) (left bexes))
((right) (right'boxes))))

(define (switchboxes boxes)
(makeboxess(rightbox-primary-object boxes) (lefbox-primary-object boxes)))

(define (othetbox side)
(if (equal? side 'left) 'right 'left))

;; model ofthechild and the experiment (external to the frog)

(define (childsample)

(rejectionpquery
(define pre-boxes (make-boxes 'duck 'ball)) ;; arrangement of boxes before

;; frog leaves (observed by frog)

(define actuabwitch? true) ;; whether the hes are switched or kept in place

(define num-draws 3) ;; how many objects are sampled (3 or 5)
(define sampling-manner 'random) ;; whether sampling is random or selective

(define experimentepreference 'duck) ;; experimenter's target durimgcsee sampling

(define posboxes (if actuabwitch? (switchboxes pre-boxes) ptaexes)) ;; box locations
when frog returns (unknown to frog)
(define which-boxdrawnfrom (whereis 'duck post-boxes)) ;; which box is being sampled

from
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(defineobserveesample (repeat nwaraws (lambda () 'duck))) ;; the set of objects sampled
(observed by frog)

;; child's medel of the frog

:» BEGIN"'MODEL-SPECIFIC CODE-set whicAamodel to 'af to enable each alternative
model
(define which-model 'a)

(define (frogsample)

(R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R REREE]

;; (@) full madel

(R R R R R R R R R RRRRE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRRRRRRRRE]

(case whichmodel
((a)
(rejectionquery
(define frogswitch-prior .159) ;; how much frog expects the 'switch' trick
(defime frog-thinkswitch? (flip frogswitch-prior)) ;; whether the frog guesses the boxes
were switched, before sample

(definefrogaelief-postboxes (if frogthinksswitch? (switchboxes presoxes) preboxes))

;; where the:frog thinks the boxes are, before observing sample

(define imaginedample (sampla-from-box
(baxajority-object (boxonside which-boxdrawnfrom frog-beliefpost-
boxes)) ;; whickbox-drawnfrom is directly observed
sampling-manner ;; directly observed by frog
experimentepreference ;; directlpbserved by frog
(length obsensainple))) ;; sample frog imagines might be seen,
conditioned on his beliefs about the boxes
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(define frogaeliefwhereduckds (whereis 'duck frogbeliefpostboxes)) ;; frog'sipdated
belief on box locations after seeing sample

> variable of interest

frog-beliefwhereduckis

;> condition

(equal?imaginedample observedample)))

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRREREE]

;» (b) PRIOR BELIEF MODEL
((b)
(rejectionquery

(definerfrogaeliefpost-boxes post-boxes)

(defing frogselieFwhereduckis (whereis 'duck frogbeliefpost-boxes))

;> variable of interest

frog-beliefwhereduck-s))

((c)

(rejectiorquery
(define fragswitch-prior .159)
(definerfrog-thinkswitch? (flip frogswitch-prior))

(define frogaeliefpostboxes (if frogthinks-switch? (switcHboxes preboxes) preboxes))

(define frogaeliefwhereduckds (whereis 'duck frogbeliefpost-boxes))
(define imaginedample (sampla-from-box
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(baxajority-object (boxon-side whech-box-drawnfrom frog-belief-post-
boxes)) ;; whickbox-drawnfrom is directly observed
sampling-manner ;; directly observed by frog
experimentepreference ;; directly observed frgpg
0)) ;; does not learn from sampling, modeled as didn't see samples.
(define frogaelief-whereduckds (whereis 'duck frogbelief-post-boxes))

: variable™of interest

frog-belief:whereduck-s))

(R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRREREE]

;» (d) SAMPLED DATA MODEL

((d)
(case'samplingnanner
((‘random)
(rejectiorquery
(define frogwitch-prior .5)
(define frog-thinkswitch? (flip frogswitch-prior))

(define frogpeliefpost-boxes (if frog-thinkswitch? (switcHboxes pre-boxes) pre-

boxes))

(define imaginedample (sampla-from-box
(bawajority-object (boxon-side whichbox-drawnfrom frog-beliet
post-boxes))
samplinganner
experimentepreference
(length obsengaaple)))

(define frogpeliefwhereduck-is (whereis 'duck frogbeliefpost-boxes))
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. variable of interest
frog-beliewhereducks

. condition

(equal? imagineshmple observesample)))

(('selective)

(rejectiorquery
(define frogwitch-prior .5)
(definesfrog-thinkswitch? (flip frogswitch-prior))

(define frodpelief-post-boxes (if frog-thinkswitch? (switcHboxes pre-boxes) pre-

boxes))

(definesimaginedample (repeat (length observeaimple)
(lambda ()
(if (flip) 'duck 'ball))))
(define frogeelieFwhereduckis (whereis 'duck frogbelietpost-boxes))
;; variable of interest

frog-beliefwhereduckis))))

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RREREREE]

;; () RANDOM STAY, SELECTIVE SHIFT MODEL
((e)
(cond«((equal? samplirgranner ‘'random) which-bak-awnfrom)
((equal? samplingnanner 'selective) (othérox which-boxdrawnfrom))))

;; () CHANCE RESPONSE MODEL
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(()

(rejectionquery
(define fragswitchprior .5)
(define-frog-thinkswitch? (flip frogswitchprior))

(definefrogaeliefpostboxes (if frogthinksswitch? (switchHboxes preéboxes) preboxes))

(define imaginedample (repeat (length observeample)
(lambda ()
(if (flip) 'duck 'ball))))
(define fragaelieFwhereduckis (whereis 'duck fray-beliefpost-boxes))

frog-beliefwhereduckAs))))
;; END MODEL-SPECIFIC CODE
(define.noise .25) ;; noisy response model: probability of child making a random response
(define response (if (flip noise)
(unifornsraw ‘(left right))

(frog-sample))) ;; child's response (possibly noisy)

response
true))

(define childdistribution (aggregateamples (repeat 1000 chidmple)))
child-distribution
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