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ABSTRACT

The unexpected contents task fis a weflfl-estabflfished measure for studyfing young chfifldren's deveflopfing theory of
mfind. The task measures whether chfifldren understand that others have a faflse beflfief about a deceptfive contafiner
and whether chfifldren can track the representatfionafl change fin thefir own beflfiefs about the contafiner's contents.
Performance on both questfions fimproves between the ages of 3 and 4. A prevfious meta-anaflysfis (Weflflman, Cross, &
Watson, 2001) found fffitfle evfidence for a dfifference fin chfifldren's responses on these questfions, but dfid not
finvestfigate the weak effect sfize that was reported for the finteractfion between age and questfion type. The two
meta-anaflyses reported here update the flfiterature revfiew, and ffind a more robust finteractfion between questfion
type and age. Three-year-oflds showed better performance on questfions about thefir own representatfionafl change
than others' faflse beflfief, whfifle oflder chfifldren showed the reverse pattern. A mega-anaflysfis of a sampfle of over
1200 chfifldren between the ages of 36-60 months then showed the same resuflt. Thfis response pattern requfires
novef] theoretficafl finterpretatfions, whfich fincflude reframfing the deveflopment of chfifldren's understandfing of faflse

beflfief.

For over 40 years, researchers have been finterested finhow chfifldren
deveflop a theory of mfind — an understandfing of thefir own and others'
mentaf] states (e.g., Fflaveflfl, 1999; Perner, 1991; Premack & Woodruff,
1978; Weflflman, 1990). Research fin theory of mfind has emphasfized the
dfifferent ways chfifldren deveflop knowfledge of findfivfiduafl mentafl states,
the finterconnectfions among mentafl states, and how mentafl states reflate
to actfion, both for understandfing themseflves and others. Perhaps the
most common way theory of mfind has been studfied fis through the un-
derstandfing of faflse beflfief. Understandfing faflse beflfief aflflows chfifldren to
apprecfiate why findfivfiduafls act or thfink fin ways that are finconsfistent
wfith the actuafl state of the worfld.

To fiflflustrate how faflse beflfief has been studfied, consfider the unex-
pected contents task (Gopnfik & Astfington, 1988; Perner, Leekam, &
Wrfimmer, 1987). In thfis task, chfifldren (usuaflfly preschooflers) are fintro-
duced to a famfiflfiar contafiner, whfich fisreveafled to be deceptfive, such as a
crayon box that contafins bfirthday candfles. Thfis measure can be used to
consfider what chfifldren Wil understand about another's beflfief state,
gfiven that fit can dfiffer from the actuafl state of the worfld. In such
questfions (referred to here as other questfions), chfifldren are asked what a

person who fi not present, and thus flacks the knowfledge that the
contafiner fis deceptfive, wiHl thfink fis fin the contafiner. But chfifldren can
aflso be asked about thefir understandfing of thefir own mentafl states, and
that reveaflfing the unexpected contents flficenses representatfionafl change.
These questfions (referred to here as self questfions), ask chfifldren about
changes to thefir own mentafl states, for finstance, “But what dfid you <the
chfifld> thfink was fin here <the deceptfive contafiner>?” (Wordfing taken
from Perner et afl,, 1987).

Perhaps the most domfinant vfiew of theory of mfind deveflopment,
whfich has been caflfled theory theory, finvoflves descrfibfing the deveflop-
ment of a representatfion theory of mfind. Thfis vfiew suggests that chfifl-
dren have fintufitfive theorfies of mentafl states that appfly broadfly — both to
themseflves and to others (see e.g., Gopnfik, 1993; Gopnfik & Weflflman,
1994; Gopnfik & Mefltzoff, 1997; Perner, 1988, 1991, 1996; Weflflman,
1990, 2014, among many others). Successfufl performance on the faflse
beflfief task findficates the deveflopment of the domafin-specfiffic conceptuafl
knowfledge reflevant to understandfing the representatfionafl nature of
mentafl states. Aflthough the abfiflfity to demonstrate that representatfionafl
understandfing fk affected by the demand characterfistfics of the
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procedure, evfidenced for exampfle, by findfivfiduaf] dfifferences wfith chfifl-
dren's deveflopfing finhfibfitory controfl (e.g., Carflson & Moses, 2001; see
aflso Benson, Sabbagh, Carflson, & Zeflazo, 2013; Weflflman, 2014),
deveflopment of the domafin-specfiffic knowfledge requfired to succeed on a
faflse beflfief task occurs from observatfion and finteractfion wfith the worfld
(Weflflman & Lfiu, 2004). Crucfiafl to the dfiscussfion here, that
domafin-specfiffic knowfledge aflflows chfifldren to reason successfuflfly on
both the seflf and other questfions equfivaflentfly.

Aflthough the fififif] studfies that asked chfifldren both the seflf and
other questfions found conftlfictfing resuflts,! strong evfidence fin favor of
thfis vfiew came from a meta-anaflysfis of over 50 studfies conducted by
Weflflman et afl. (2001). Thfis anaflysfis showed that performance on the seflf
and other questfions dfid not sfignfifficantfly dfiffer. Weflflman et afl. (2001)
hfighflfighted thfis ffindfing as partficuflarfly contrastfive to another theoretficafl
account of theory of mfind deveflopment — sfimudatfion theory — foflflowfing
research fin phfiflosophy of mfind (e.g., Gofldman, 2006; Gordon, 1992; see
aflso Harrfis, 1992). Sfimuflatfion theory suggests that finferences about
others' mentaf] states are made by accessfing and reasonfing about one's
own mentafl states.

There are numerous phfiflosophficafl descrfiptfions of thfis approach to
understandfing theory of mfind, fincfludfing the possfibfiflfity that the two
theorfies reduce to one another (see e.g., Perner & Brandfl, 2009), but the
one specfifficaflfly taken up by Weflflman et afl regarded the prfimacy of one's
own mentafl access (Harrfis, 1992). In partficuflar, chfifldren's understand-
fing of thefir own mentafl states fis saflfient and necessary to understand
sfimfiflar mentafl states fin others. Weflflman et afl. (2001), however, argue
that the muffl resuflt between performance on the seflf and other questfions
was meanfingfufl for dfistfingufishfing between these two accounts: “...
sfimuflatfion accounts emphasfizfing the prfimacy of seflf-experfience suggest
that seflf understandfing shoufld deveflop ffirst.” And, flater finon that page,
they wrfite, “on the surface, the fact that chfifldren ever systematficaflfly err
fin reportfing thefir own faflse beflfiefs seems probflematfic for sfimuflatfion
accounts.” (both p. 678).

Recent evfidence, however, suggests that young chfifldren do have
some ffirst-person access to thefir mentafl states, partficuflarfly thefir
knowfledge states. Harrfis, Yang, and Cufi (2017) demonstrated that 2-
and 3-year-oflds (chfifldren who typficaflfly do not succeed on the unex-
pected contents task) were more flfiefly to deny possessfing knowfledge (fi.
e., sayfing “I don't know”) than pofint out that another person does not
know somethfing (fi.e., sayfing “You don't know”). These same chfifldren
were aflso more ffiefly to ask questfions about whether others know
somethfing as opposed to whether they do. The former ffindfing suggests
that chfifldren mfight be aware of thefir own fignorance before that of
others, whfifle the flatter suggests that chfifldren recognfize thefir own flack of
knowfledge, and that others mfight be sources of knowfledge that they
themseflves do not possess. These data suggest that aflthough young
chfifldren mfight not behave dfifferentfly on seflf and other questfions on a
faflse beflfief task, they show dfifferences fin thefir understandfing of thefir
own and others' knowfledge.

These data suggest the fimportance of reconsfiderfing deveflopmentafl
ffindfings on the dfifference between the seflf and other questfions, and fin
partficuflar the ffindfings from the Weflflman et afl. (2001) anaflysfis. In
partficuflar, whfifle the dfifference between the seflf and the other questfions
was not sfignfifficant, the finteractfion between the type of questfion asked
and chfifldren’s age was the flevefl of a statfistficafl trend (p > .07) wfith a
smaflfl effect sfize (f = 0.12).2 Typficaflfly, smaflfl effects are not finvestfigated
fin deveflopmentafl scfience because of flfinfis on data coflflectfion or

1 perner et afl (1987) found that chfifldren performed better on the seflf than
other questfion, whereas Gopnfik and Gopnfik and Astfington (1988) found the
opposfite, that chfifldren performed better on the other questfion than the seflf
questfion.

2 The fimpfificature of reportfing p > .07 fis that the sfignfifficance flevefl of thfis
anaflysfis fis between p = .07 and p = .08. The effect sfize of thfis anaflysfis was not
reported, but was caflcuflated based on the reported F-statfistfic.
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argumentatfion dfismfissfing them as unfimportant. However, smaflfl effects
may be meanfingfufl fif they have fimportant theoretficafl consequences
(Eflfifis, 2010). Here, the theoretficafl fimpfificatfions of recent research sug-
gestfing chfifldren have ffirst-person access to thefir mentafl states, warrants
a refinvestfigatfion of thfis ffindfing. Dofing so aflso aflflows us to address a
methodoflogficafl flfimfitatfion of method used by Weflflman et afl. (2001),
whfich fis that thefir ffindfings dfid not dfirectfly consfider the sampfle sfize of
each condfitfion they anaflyzed.

The rest of thfis paper presents three anaflyses that reconsfider and
update the reflatfion between performance on seflf and other questfions
about faflse beflfief through meta-anaflysfis and a quasfi-mega-anaflysfis’ of
performance on the unexpected contents task. Anaflysfis 1 presents a
meta-anaflysfis that foflflows a imfiflar strategy used by Weflflman et afl.
(2001). The goafl of thfis anaflysfis fisnot to repflficate ¥laspects of Weflfiman
et afl. (2001), but rather focus specfifficaflfly on the seflf-other dfifference. To
that end, the anaflysfis reflfies on papers that presented data from the
unexpected contents task, whfich specfifficaflfly asked efither the seflf or
other questfion. The papers coflflected for thfis anaflysfis report how chfifl-
dren performed on the seflf or other questfions findfivfideflfly or how
chfifldren performed on both questfions (not combfined finto a sfingfle
datum). Anaflysfis 1 uses the same anaflysfis strategy used by Weflflman et
afl. (2001), but aflso uses a second measure of effect sfize, whfich takes the
sfize of the sampfles finto account to ensure the reproducfibfiflfity of
resuflts.

A flfimfitatfion of thfis ffirst anaflysfis fis that some researchers who
admfinfister an unexpected contents task onfly ask the seflf questfion, whfifle
other researchers onfly ask the other questfion, whfifle sff¥l other re-
searchers ask both questfions. Combfinfing these between-subject data
mfight not be as robust an anaflysfis as one that contrasts resuflts usfing a
wfithfin-subject desfign. Anaflysfis 2 repflficates the metanaflytfic strategy on
the subset of studfies from Anaflysfis 1 that present data from the seflf and
other questfions from the same partficfipant.

Anaflysfis 3 uses a sfimfiflar wfithfin-subjects approach by consfiderfing a
dataset of over 1200 preschooflers admfinfistered the unexpected contents
task. These data were coflflected fina sfingfle flab wfith sfimfiflar materfiafls and
the same procedure. Thfis mega-anaflytfic strategy not onfly generaflfizes
and extends the resuflts of the two meta-anaflyses, but aflso consfiders why
smaflfl effects mfight be robust and meanfingfufl, even fifthey are dfiffficuflt to
descrfibe fin findfivfiduafl empfirficafl papers.

1. Analyses 1 and 2

The goafl of these anaflyses fis to examfine whether there are dfiffer-
ences fin how chfifldren respond to questfions about changes fin thefir own
prevfiousfly erroneous beflfief states (seflf questfions) and measures of
others' possessfing a faflse beflfief (other questfions). We consfidered papers
that reported the resuflts of studfies that use the unexpected contents task
on chfifldren between the ages of 36 and 60 months, based on the
assumptfion that the majorfity of chfifldren wfftleventuaflfly succeed on both
questfions at flater ages. Anaflysfis 1 uses a meta-anaflytfic technfique sfimfiflar
to that used by Weflflman et afl. (2001), updatfing the flfiterature consfidered
as weflfl as extendfing the anaflysfis to fincflude a more robust measure of
effect sfize. Anaflysfis 2 then consfiders a subset of the condfitfions/experfi-
ments used fin Anaflysfis 1, whfich specfifficaflfly contrast performance by the
same chfifld on both measures.

2. Literature review

To determfine papers to anaflyze, the papers used finthe Weflflman et afl.
(2001), as weflfl as a more recent anaflysfis that excflusfivefly consfidered

studfies reportfing the unexpected contents task (Sobefl & Austerwefifl,

3 A mega-anaflysfis fis a reanaflysfis of raw data from muflfipfle sources (Efisen-
hauer, 2021). Here, the raw data are &}l taken from a sfingfle flab, hence the
“quasfi.”
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2016) were examfined. Afflthe papers from those anaflyses that reported
data from the unexpected contents task, whfich met the fincflusfion crfiterfia
(descrfibed beflow) were fincfluded. Googfle Schoflar searches were aflso
performed for the terms “unexpected content task,” “representatfionafl
change task” and “theory of mfind scafles”. The ffirst two are commonfly
used names for the measure. The flatter was fincfluded because the scafles
(Weflflman & Lfiu, 2004) present chfifldren wfith the unexpected contents
task. The author aflso put out a cflfl on the COGDEVSOC flfistserv (March
2021) for unpubflfished datasets and recentfly pubflfished data. Ffig. 1
shows a fflowchart of the flfiterature revfiew process. Because of the
fintentfion to fincflude data from the author's pubflfished work separatefly fin
the mega-anaflysfis presented fin Study 3, none of the author's own papers
were fincfluded fin these studfies (to reduce the possfibfififity of bfias fin
reproductfion).

To summarfize thfis process, after dupflficate entrfies were removed
from the fifififl search, there were 917 entrfies under consfideratfion. One
hundred ffifty-two of those entrfies coufld be eflfimfinated wfithout revfiew
because (a) they were wrfitten by the author (8), (b) Googfle Schoflar
findficated they were books, book chapters, or pubflfished fin journafls that
excflusfivefly pubflfished revfiew, and not empfirficafl artficfles (88), and (c)
Googfle Schoflar findficated they were unavafiflabfle fin Engflfish (56). Nfine
addfitfionaf] entrfies were removed because they were finaccessfibfle.

The remafinfing 756 fuflfl-text artficfles and datasets were read by the
author to determfine whether the paper reported the age of an findfivfiduafl
sampfle and performance on the seflf and other questfions of the unex-
pected contents task findfivfidieflfly (or fif onfly one questfion was asked,
performance on that questfion). Papers that onfly reported a composfite
score of performance on the seflf and other questfions, or “faflse beflfief”
scores that reported the resuflts of an unexpected content task combfined
wfith other measures of faflse beflfief (such as the unexpected transfer task
or the unexpected fidentfity task) were not fincfluded unfless the separate
scores on the seflf and other questfions of the unexpected contents task
coufld be determfined. Moreover, onfly sampfles of neurotypficafl chfifldren
wfith a mean age between 36 and 60 months were consfidered. If the
paper reported a flongfitudfinafl or trafinfing study, onfly pretest data was
used; these kfinds of studfies were onfly fincfluded fif they reported &fl
pretest data as opposed to onfly fincfludfing data from chfifldren who fafifled
the measure. If the paper contrasted condfitfions fin whfich deceptfion was
and was not used, onfly cases fin whfich the motfive of the study was not to
decefive another person were consfidered (because there are weflfl-known
mafin effects of deceptfive motfive, see Weflflman et afl, 2001, and our
suppflementaf] materfiafls). Ffig. 1 shows the dfistrfibutfion of excflusfions.

Foflflowfing Weflflman et afl. (2001) and Gflass, McGaw and Smfith
(1981), condfitfion (or age group wfithfin a condfitfion where possfibfle) was
used as the unfit of anaflysfis, finstead of findfivfiduaf] partficfipant or a fiffl
study or paper. Thfis resuflted fin fincfludfing 91 papers/datasets used fin
Anaflysfis 1, whfich represented 244 age groups/condfitfions wfithfin ex-
perfiments (9201 data pofints fintotafl). Anaflysfis 2 focused on the subset of
these 91 papers/datasets that asked both the seflf and other questfion of
the same dfifld partficfipant to consfider a wfithfin-subject anaflysfis. Thfis
resuflted fin an anaflysfis of the resuflts of 37 papers/datasets (70 unfique
age groups/condfitfions, 2466 data pofints). The papers/datasets used fin
both anaflyses are reported finTabfle 1, as we as the number of condfitfions
each entry contrfibuted to the overaflfl anaflysfis.

3. Coding

Anaflyses 1 and 2 focused on extractfing performance on the seflf and
other questfion of the unexpected contents task, as wefll as the mean age
and sampfle sfize of the reported sampfle. Each condfitfion wfithfin each
experfiment was coded for performance on the test questfion as weflfl as
whether the measure was a seflf or other questfion and whether both
questfions were asked of the same dhfifld fin the same procedure. If both
questfions were asked, we reported whether the order of these questfions
was counterbaflanced. Ffinaflfly, we onfly fincfluded whether the paper re-

ported the mean age of the condfitfion under consfideratfion and the
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number of partficfipants fin that condfitfion.

The goafl of thfis anaflysfis was not to reproduce &¥l of the anaflyses
performed by Weflflman et afl. (2001). Many of the anaflyses that were
sfignfifficant there, whfich mfight finteract or affect the mafin resuflt pre-
sented here, however, are descrfibed finthe Suppflementaf]l Materfiafls. Thfis
fincfludes country of orfigfin, whether a deceptfive condfitfion was fincfluded
fin the study, whether the deceptfive object was reaflfly present fin the
contafiner when the test questfion was asked, and whether temporafl
markers were used when askfing the seflf questfion. One addfitfionafl factor —
the way finwhfich researchers scored the task — was aflso consfidered finthe
Suppflementafl Materfiafls, as prevfious work has shown that the
deveflopmentaf] trajectory of chfifldren's performance fi affected by how
the measure fisscored (Sobefl & Austerwefifl, 2016).

To finvestfigate dfifferences between the seflf and other questfion on the
unexpected contents measure, we conducted the same flogfit anaflysfis as
presented fin Weflflman et afl. (2001). The proportfion correct on each
questfion (p) was transformed vfia a flogfit transformatfion fin whfich the
flogfit score = fln(p/1-p),* whfich became the dependent varfiabfle fin the
anaflyses. Thfis anaflysfis, however, does not take the sampfle sfize of the
condfitfion/age group finto account. To account for thfis, we suppflemented
thfis anaflysfis wfith a second transformatfion on the data, foflflowfing the
meta-anaflytfic strategy used by Tong, Wang, and Danovfitch (2020).
Where possfibfle (fi.e., fif the standard devfiatfion of performance was re-
ported or coufld be caflcuflated), we transformed performance fin each
condfitfion/age group to a Hedges' g vaflue, based on the proportfion cor-
rect and standard devfiatfion of that condfitfion/age group. Thfis was done
by assumfing that the comparfison vaflue of chance had a Mean and
Standard Devfiatfion of 0.5 (an fideaflfized representatfion of chance
respondfing), vfia the formufla:

Correct 0.5)

g= StdDev?+.25
2

Two readers, bflfind to the hypotheses of the study coded a subset of
10 of the papers fin the same manner. Agreement between these two
readers was 100%. Agreement between these readers and the author was

90%. Dfisagreement was resoflved through dfiscussfion.

4. Results

Affldata sets descrfibed fin thfis manuscrfipt (as weflfl as a fIfit of ¥l ar-
tficfles that were consfidered) are avafiflabfle at https://osf.fio/624av. We
ffirst consfider the overaflfl dataset (Anaflysfis 1) and then a subset of the
papers we consfidered, whfich presented both the seflf and other questfions

to the same chfifld, usfing wfithfin-subject anaflyses (Anaflysfis 2).

4.1. Analysfis 1: Papers reportfing ffindfings from efither self or other

questfions on the unexpected contents task

Ffig. 2 shows the flogfit vaflues for the seflf and other questfions across
age. A set of hfierarchficafl flfinear regressfions were conducted, wfith flogfit
scores and g-vaflues as the dependent varfiabfle. Each ffirst consfidered age
(deffined by the mean age of the condfitfion as reported fineach paper) and
questfion type (seflf vs. other). Then the finteractfion vaflue between age
and questfion type was added fina second modefl.

For the flogfitscores, the ffirst modefl expflafined a sfignfifficant amount of

4 One condfitfion presented a proportfion of 0, whfifle another presented a
proportfion of 1, both wfith standard devfiatfions of 0. These resuflted fin an un-
deffined flogfit scores and vaflues of g. We entered proportfions of 0.01 and 0.99
and standard devfiatfions of 0.0001 for each, whfich set mfinfimafl and maxfimafl
vaflues for the dependent varfiabfles wfithout skewfing the data too greatfly. The
resuflts presented fin the mafin text are dimfiflar fif these two entrfies are not
fincfluded fin the anaflyses. Pflease note that the formufla used fisfln(p/1-p) and that
the vaflue fis not rafised to the fourth power.
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inaccessible

obtained through post to
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EXCLUSIONS
(76 investigated only atypical\
populations 91 papers/
* 87 did not administer a UC task datasets
included in

* 6 were case studies on single
participants

« 10 were unavailable in English

+ 12 did not report age of
participants

* 148 were outside age range

* 4 were solely reporting data on
non-human populations

Analysis 1

756 full-text articles

screened by Author.

Paper had to report
atleast one
experiment/

54 entries only
report conditions
in which the self
or other question

« 124 were review articles with
no data

condition in which I * 5were study protocols or was asked
mean age of reports for websites, without independently.
neurotypical sample any data The remaining 37
between ages 36-60 + 8 were computational modeling papers/datasets
months and score on papers report data from
other and/or self both self and

* 12 administered the UC task,
but do not report the data (or
only include children who
failed)

* 110 report a composite of the
UC task with other false belief
measures

other question in
the same child.
These papers
were included in
Analysis 2.

N—

question was
reported separately.

= 63 report a composite score of
the self and other question
together, but not the individual

kesults. )

Fig. 1. Fflowchart representfing procedure used for flfiterature fidentfifficatfion, screenfing, and excflusfions for Anaflyses 1-2.

the varfiance finthe flogfit vaflues over an fintercept-onfly modefl, R? = 0.28,

F(2, 241) = 46.21, p < .001. The second modefl, whfich added the
finteractfion between age and questfion type, predficted a sfignfifficant fin-
crease fin the amount of varfiance fin the flogfit vaflues, AR2 = 0.01, F(1,
240) = 4.07, p = .04. Thfis ffinafl modefl predficted a sfignfifficant amount of
varfiance over an fintercept-onfly modefl, R 2= 0.29, F(3, 240) = 32.56, p <

.001. In thfis ffinafl modefl, age posfitfivefly predficted performance, B =
0.07, SE= 0.02, 95% CI [0.04, 0.10], t= 4.72, p < .001. There was aflsoa
stignfifficant effect of questfion type, wfith performance on the seflf questfion
hfigher overaflf] than performance on the other questfion, B= 2.42, SE =
1.00, 95% CI [ 4.39, 0.45],t= 2.42, p = .02. There was aflso a
stignfifficant finteractfion between questfion type and age, B = 0.04, SE =
0.02, 95% CI [0.00, 0.08], t= 2.02, p = .04.

A dimfiflar anaflysfis for the g-vaflues generated by each condfitfion was
conducted. The ffirst modefl (age and questfion type), expflafined a sfignfif-
ficant amount of the varfiance over an fintercept-onfly modefl, R2 = 0.30, F
(2, 227) = 49.32, p < .001. The second modefl, whfich added the finter-
actfion between age and questfion type, predficted a sfignfifficant fincrease fin
the amount of varfiance finthe flogfitvaflues, AR 2= 0.01, F(1, 226) = 4.23,p
= .04. Thfis ffinafl modefl predficted a sfignfifficant amount of varfiance over an
fintercept-onfly modefl, R = 9.32, F(3, 226) = 34.76, p < .001. In thfis ffinafl
modefl, age posfitfivefly predficted performance, B = 0.03, SE = 0.01, 95%
CI [0.02, 0.05], t = 4.84, p < .001, OR = 1.03. There was aflso a
sfignfifficant effect of questfion type, wfith performance on the other
questfion flower overaflfl than performance on the seflf questfion, B =

1.12,SE= 0.45,95% CI [ 0.2.00, 0.23],t= 2.50,p= .01,0R=
0.33, and a sfignfifficant finteractfion between questfion type and age, B =
0.02, SE = 0.01, 95% CI [0.00, 0.04], t = 2.06, p = .04. OR = 1.04.

4.2. Andlysfis 2: Papers reportfing ffindfings from both self and other
questfions on the unexpected contents measure

The second anaflysfis flooked at a subset of the papers from Anaflysfis 1
that reported resuflts of the seflf and other questfions for the same chfifl-
dren. Tabfle 1 findficates the papers fincfluded fin thfis anaflysfis. As fin the
prevfious anaflysfis, the flogfit vaflue and the g vaflue for performance on the

seflf and other questfions fin each condfitfion/age groups were consfidered.
These data are shown fin Ffig. 3. A Generaflfized Estfimatfing Equatfion was
constructed to controfl for wfithfin-subject effects, wfith a robust correfla-
tfion matrfix, assumfing a flfinear dfistfibutfion on the dependent varfiabfles
wfith age and questfion type as findependent varfiabfles. For both anaflyses, a
factorfiafl modefl was consfidered.

Lookfing at the flogfit scores, the modefl reveafled a sfignfifficant effect of
age, B= 0.12, SE = 0.02, 95% CI [0.08, 0.16], Wafld x2(1) = 31.26,p <
.001, OR = 1.13, and questfion type, B= 2.91, SE = 0.87, 95% CI [1.21,
4.61], Wafld 2 (1) = 11.28, p = .001, OR = 18.36, wfith chfifldren per-
formfing better overaflfl on the seflf questfions than the other questfions.
There was aflso a sfignfifficant finteractfion between age and questfion type,
B= 0.06,SE= 0.02,95%CI[ 0.09, 0.02], Wafldx2(1) = 11.25,p =
.001, OR = 0.94. As wfith the prevfious anaflysfis, the younger chfifldren fin
thfis sampfle fififeffly performed better on the seflf questfion than the other
questfion, but as the age of chfifldren finthe sampfle fincreased, performance
on the other questfion started to exceed performance on the seflf questfion.

The same pattern of resuflts was obtafined when the Hedges' g scores
were anaflyzed. There was a sfignfifficant effect of age, B= 0.05, SE= 0.01,
95% CI [0.03, 0.07], Wafld ¥2(1) = 34.70, p < .001, OR = 1.05, and
questfion type, B = 1.15, SE = 0.32, 95% CI [0.52, 1.78], Wafld x2(1) =
12.91, p < .001, OR = 3.16 as welfl as finteractfion between age and
questfion type, B = 0.02, SE = 0.01, 95% CI [ 0.03, 0.01], Wafld

x2(1) = 10.82, p = .001, OR = 0.98.

5. Discussion

Both the more fincflusfive anaflysfis (Anaflysfis 1) and the wfithfin-subject
anaflysfis (Anaflysfis 2) of the seflf and other questfions showed two ffindfings
of note. Ffirst, fin addfitfion to the expected mafin effects of age, there was a
sfignfifficant dfifference between performance on the seflf and other ques-
tfion, wfith chfifldren performfing better on the former over the flatter
overaflfl. The second was a sfignfifficant finteractfion between chfifldren’s age
and questfion type, whfich potentfiaflfly expflafins the ffirst ffindfing. Younger
chfifldren performed better on the seflf questfion than the other questfion.
However, as chfifldren fincreased fin age from 36 to 60 months,
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Table 1

Lfist of papers/Datasets used fin Anaflysfis 1 (and Anaflysfis 2, shown wfith an *).

Authors Date of Number of age groups/
pubfificatfion Condfitfions used fin Anaflysfis 1
Afltvater-Mackensen* Unpubflfished 4
Amado, Serrat & Sfidera* 2014 2
Appfleton & Reddy* 1996 2
Arreckx 2007 1
Atance 2001 1
Atance, Metcaflf & Thfiessen 2017 2
Atance & ONefiflfl 2004 4
Bafird & Moses 2001 2
Barreto, Osorfio, Baptfista, 2018 2
Fearon, & Martfins*
BefiBert, Muflvey & Kiiflfln Unpubflfished 2
Beflflagamba, Addessfi, 2015 4
Focaroflfi et afl.*
Benson, Sabbagh, Carflson, & 2017 1
Zeflazo
Bernstefin 2009 1
Bernstefin* Unpubflfished 2
Bozbfiyfik 2016 1
CarflsonMoses* 2001 4
Cassfidy 1998 2
Causey & Bjorkflund* 2014 2
Conry-Murray 2013 1
Daflke 1995 2
Davfis* 2001 2
Fabrficfius & Khaflfifl 2003 1
Fflynn* 2006 4
Fflynn, OMaflfley and Wood 2004 1
Freeman & Lacohee 1995 6
Frye, Zeflazo, and Paflfafi* 1995 8
Gopnfik & Astfington* 1988 8
Gopnfik & Rosatfi* 2001 2
Gopnfik & Sflaughter 1991 2
Guajardo, Parker & Turfley- 2009 1
Ames
Guajardo & Turfley-Ames 2004 2
Gut, Haman, Gorbanfiuk, & 2020 4
Chyflfinskfia*
Hafla, Hug & Henderson 2003 2
Hansen 2010 2
Hanson & Atance 2014 2
Hasnfi 2015 1
Hfiflfler, Weber & Young 2014 1
Hogrefe, Wfimmer, & Perner 1986 3
Hoflmes, Bflack & Mfiflfler* 1996 2
Hong* 2016 4
Hughes 1998 1
Jackson 2001 1
Juflfien 2018 1
Kaflfish, Wefisman & Bernstefin 2000 4
Kammermefier & Pauflus 2018 2
Keenan, Oflson and Marfinfi* 1998 4
Krachun, Carpenter, Caflfl, and 2010 3
Tomaseflflo
Kuntoro, Peterson & 2017 2
Sflaughter
Lackner, Bowman & Sabbagh 2010 1
Lesflfie & Thafiss* 1992 3
Lewfis, Huang & Rooksby* 2006 4
Lewfis & Osborne* 1990 18
Ififlflard 1993 3
Loke 2010 1
Mabhy, Bernstefin, Gerrad & 2017 8
Atance*
Major, Franco, and Zotovfic 2010 1
Metcaflf 2015 2
Mfitcheflfl & Lacohee 1991 2
Moflzhon 2016 1
Moore, Pure & Furrow* 1990 2
Moses & Hlaveflfl 1990 1
Muflfler, Mfiflfler, Mfichaflczyk, & 2007 2
Karapfinka
Muflfler, Zeflazo, & Imrfisek* 2005 2
Nafito, Komatsu, and Fuke* 1994 4
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Table 1 (contfinued)

Authors Date of Number of age groups/
pubflficatfion Condfitfions used fin Anaflysfis 1
Nawaz, Hanfif & Lewfis* 2015 4
Pecora, Addessfi, Paoflettfi & 2017 2
Beflflagamba*
Perner, Leekam, & Wfimmer* 1987 2
Pesch, Semenov & Carflson 2020 1
Peterson & Sfiegafl 1999 1
Qufistberg 2018 1
Repachoflfi & Trapoflfinfi* 2004 2
Rfiggs and Robfinson 1995 2
Rfiggs, Robfinson & Samuefl 1996 4
Rubfio-Fernandex 2019 2
Ruffman, Oflson, Ash, and 1993 5
Keenan
Sabbagh, Bowman, Evrafire, 2009 1
and Ito
Safltmarsh, Mfitcheflfl, and 1995 4
Robfinson*
Shehaefian, Nfieflsen, Peterson, 2014 4
& Sflaughter
Sflaughter* 1998 2
Sflaughter & Gopnfik* 1996 4
Stanzfione 2015 1
Suffflfivan & Wfinner* 1993 4
Tardfif, Weflflman, & Cheung 2004 2
Tayflor & Carflson* 1997 4
Weflflman & Lfiu 2004 1
Wiiflfifiams & Happe* 2009 2
Wiiflfifiams & Happe* 2010 4
Wfimmer & Hartfl* 1991 7
Woflfle, McLaughflfin and 2021 1
Hefiphetz
Yueng, Muflfler & Carpendafle* 2019 2
Zfiv, Zakafi-Mashfiach, Afl- 2014 2

Yagon, & Dromfi

Notes. Al pubflfished references are provfided fin the suppflementafl materfiafls
sectfion.

performance on the other questfion caught up to, and then overtook
performance on the seflf questfion.

Thfis reanaflysfis of the flfiterature on the unexpected contents task fin-
dficates that chfifldren's abfiflfity to finfer others' faflse beflfief and thefir own
representatfionafl change have dfifferent deveflopmentafl trajectorfies.
Before dfiscussfing the fimpflficatfions of these data, we want to consfider
whether these ffindfings are aflso present fina flarge-scafle dataset. Thfis wfftl
provfide estfimates of the power of both the dfifference between the two
types of questfions and the finteractfion between the questfions and age.
Moreover, finvestfigatfing a flarge-scafle data set can provfide finsfight finto
why these effects mfight have not prevfiousfly been descrfibed fin the

flfiterature.

6. Analysis 3

To consfider the robustness of these ffindfings, these anaflyses were aflso
consfidered on a dataset of preschoofl-aged chfifldren who partficfipated fin
an unexpected contents procedure admfinfistered by the author's flab.
These data were coflflected between 2001 and 2012. There was ffitfle
varfiance fin experfimenter and materfiafls. Affl parents of chfifldren who
partficfipated consented to the procedure, fin accordance wfith Brown
Unfiversfity IRB (#0111991083, Development of causdlfity and fintentfion-
dlfity, #0503991803, Chfildren's causal learnfing and developfing knowledge
of mechanfisms and #1007000219, Chfifldren's deveflopfing finferences from
others' experfiences). Thfis dataset has been descrfibed fin a prevfious
finvestfigatfion (Sobefl & Austerwefifl, 2016), but the anaflyses presented

here are novefl.
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Fig. 2. Dfistrfibutfion of Performance on Representatfionafl Change (Seflf) and Faflse Beflfief (Other) Questfions fin Anaflysfis 1. Each pofint fin the graph represents one age

group/condfitfion.
7. Method

7.1. Partficfipants

The ffinafl sampfle contafined the resuflts of 1231 chfifldren between the
ages of 36-60 months (Mean Age = 50.90 months, SD = 6.08 months’).
The sampfle was skewed towards oflder chfifldren wfith more 4-year-oflds fin
the sampfle (N = 892, Mean age = 54.08 months, SD = 3.27) than 3-year-
oflds fin the sampfle (N = 339, Mean age = 42.53 months, SD = 3.08
months). Three addfitfionafl chfifldren were tested fin thfis sampfle, but not
fincfluded because they fafifled to respond to one of the three questfions

used finthe procedure (see beflow).

7.1.1. Materfials
The majorfity of chfifldren were shown a deceptfive Crayofla crayons

contafiner that contafined smaflfl bfirthday candfles shown finFfig. 4. A smaflfl
number of chfifldren were gfiven the same procedure usfing a Band Afids

box that contafined crayons.

7.1.2. Procedure

Chfifldren were seated across from the experfimenter at a tabfle. They
were shown the cflosed deceptfive contafiner and asked what they thought
was finsfide the box. Chfifldren typficaflfly responded approprfiatefly, (e.g.,
“crayons” or a sfimfiflar, pflausfibfle response, such as “markers” “coflors”
“pencfifls”). Chfifldren were then shown the actuafl contents of the box (fin
thfis case, the bfirthday candfles), whfich were taken out of the box and
shown to the chfifld. These contents were then pflaced back finto the box
and the box was cflosed.

5 Unfortunatefly, the gender breakdown of the sampfle coufld not be reported
because fin some cases, chfifldren's gender was not recorded.

The experfimenter then asked the other questfion fin whfich chfifldren
were asked about the beflfief state of another person (a caregfiver fifie
Daddy or a frfiend of the chfiflds, who had been mentfioned before the box
was brought out, and who was not present durfing the tfime of the test).
Specfifficaflfly, “Let's say <person> comes fin here. <Person> has never
seen thfis box before. What wiffl<person> thfink fsfinthe box? If the dhfifld
dfid not respond or safid “I don't know”, the experfimenter woufld ask the
chfifld to make a guess.

After chfifldren generated thefir response to the other questfion, the
experfimenter then asked the self questfion: “Before I showed you what
was fin the box, what dfid you thfink was fin the box?” Agafin, fif the chfifld
dfid not respond or safid, “I don't know”, the experfimenter woufld ask the
dfifld to make a guess. HinAflfly, the experfimenter asked the control

questfion: “What fis reaflfly fin the box?”
8. Results and discussion

Ffig. 5 shows performance on the seflf and other questfion fin the
sampfle overaflfl, as weflfl as the Spearman correflatfions wfith age. A
Generaflfized Estfimatfing Equatfion was constructed to controfl for wfithfin-
subject effects, assumfing a bfinomfiafl dfistfibutfion for performance on
each questfion. Age and questfion type were the findependent varfiabfles,
assumfing a factorfiafl modefl. Thfis modefl reveafled a mafin effect of age, B
= 0.12, SE = 0.01, 95% CI [0.10, 0.14], Wafld x2(1) = 120.65, p < .001,
OR = 1.12, and a mafin effect of questfion type, B= 1.63, SE= 0.67, 95% CI
[0.31, 2.95], Wafldx (13 = 5.89,p= .02, OR = 5.11.

Note that unflfike Anaflyses 1-2, here, the overaflfl performance on the
other questfion (55% accurate) outperformed performance on the seflf
questfion (52% accurate). Thfis dfifference fi potentfiaflfly caused by the
skew finthe age range of the sampfle as the finteractfion between age and
questfion type was aflso sfignfifficant, B=  0.03, SE= 0.01,95% CI[ 0.06,
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Fig. 3. Dfistrfibutfion of Performance on Representatfionafl Change (Seflf) and Faflse Beflfief (Other) Questfions fin Anaflysfis 2. Each pofint fin the graph represents one age

group/condfitfion.

Fig. 4. Crayon box and candfles used fin unexpected contents task admfinfistered
to chfifldren.

0.01], Wafld x2(1) = 6.82, p = .009, OR = 0.96. The mean age of the
sampfle here fs50.90 months, compared wfith 47.89 months fin Anaflysfis 1
and 47.46 months fin Anaflysfis 2.

To consfider the reflatfion between the seflf and other questfions, a bfi-
nary flogfistfic regressfion was conducted on performance on the other
questfion wfith age and performance on the seflf questfion as predfictors, as
weflfl as the finteractfion. The overaflfl modefl was sfignfifficant, x2(3) =
200.72, p < .001, but onfly age was a sfignfifficant predfictor, B= 0.10, SE =
0.02, Wafld x (2) = 48.25, p < .001, Odds Ratfio = 1.11 95% CI [1.08,
1.14]. Nefither performance on the seflf questfion, B = 1.20, SE = 1.12,
Wafld x3(1) = 1.15, p = .28, or the finteractfion, B= 0.004, SE = 0.02,

Wafld x*(1) = 0.03, p = .86, was sfignfifficant. Removfing the finteractfion

from thfis anaflysfis dfid not resuflt fina sfignfifficant fincrease fin the modefl's
predfictfive power, findficated by a change fin 2 Log Lfikeflflhood = 0.03, p
= .86. However, wfithout the finteractfion term (whfich fishow the reflatfion
between seflf and other has been anaflyzed), performance on the seflf
questfion was now a sfignfifficant predfictor, B = 1.00, SE = 0.13, Wafld x
(® = 63.77, p < .001, Odds Ratfio = 2.72 95% CI [2.13, 3.48]. Thfis
further suggests the possfibfiflfity that the seflf and other questfion have
dfifferent deveflopmentafl trajectorfies.

Anaflysfis of thfis sampfle aflso sheds flfight on why thfis finteractfion may
have been partficuflarfly dfiffficuflt to uncover fin prevfious studfies usfing the
unexpected contents task. A Monte-Carflo sfimuflatfion was bufifl, whfich
constructed 10,000 sampfles of equafl numbers of 3-year-oflds and 4-year-
oflds of dfifferent sampfle sfizes from thfis group of 1231 chfifldren. For each
sampfle, the same GEE modefl descrfibed above was run to anaflyze the
effects of age (finmonths), questfion type and thefir finteractfion. The mean p-
vaflues and the number of sampfles (out of 10,000) where p < .05 for the
mafin effects of age and questfion type, and the age x questfion type
finteractfion for each sampfle sfize are shown fin Tabfle 2. The effect of age
was often detected fin thfis sfimuflatfion, whfifle the effect of questfion type or
the finteractfion woufld not often be detected. Even wfith flarge sampfle
sfizes (N = 200), those effects woufld be sfignfifficant fless than haflf the tfime.
Gfiven that the mean sampfle sfize used fin Anaflysfis 2 (the anaflysfis fin
whfich we examfined ffindfings that compared performance on the seflf and
other questfion from the same chfifldren) was N = ~35, fit fis possfibfle that
thfis ffindfing has gone unnotficed fin the flfiterature.

A concern wfith the present anaflysfis fis that fit mfight have reveafled a
sfimpfle expflanatfion for the finteractfion we have observed. The unex-
pected contents task fin Anaflysfis 3 used a ffixed questfion order, aflways
askfing the other questfion ffirst and the seflf questfion second. It fis possfibfle
that chfifldren sfimpfly swfitch thefir answer from one questfion to the other
gfiven the dfinfiflafity between the other and seflf questfions. Thfis
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Fig. 5. Proportfion of chfifldren who responded to the seflf and other questfions correctfly across ages, dfivfidfing the sampfle by ten age percentfifles (Error bars show
standard error). The sofffid and dashed flfines represent the best ffittfing Spearman correflatfions between performance and age for the seflf and other questfions

respectfivefly.

Table 2

Probabfiflfity of detectfing sfignfifficant effects of age, questfion type, and finteractfion
for sfimuflated experfiments wfith dfifferent sampfle sfizes (N = number of chfifldren
fineach age group).

Mean p-vaflue Number of sampfles
where
p < .05 (out of 10,000)
Age, N= 30 0.04 8310
Age, N= 60 0.003 9907
Age, N = 100 0.00008 10,000
Age, N = 200 <0.00000001 10,000
Questfion Type, N = 30 0.43 1061
Questfion Type, N = 60 0.37 1501
Questfion Type, N = 100 0.29 2219
Questfion Type, N = 200 0.14 4319
Questfion Type x Age Interactfion, N = 0.43 1054
30
Questfion Type x Age Interactfion, N = 0.37 1513
60
Questfion Type x Age Interactfion, N = 0.29 2275
100
Questfion Type x Age Interactfion, N = 0.15 4373
200

expflanatfion seems unflfikefly, however, for severafl reasons. Ffirst, the flogfic
of thfis expflanatfion fis that younger chfifldren were more flfiefly to respond
fincorrectfly on the ffirst (other) questfion, and then swfitch thefir answer to
the correct response on the second (seflf) questfion. As chfifldren get oflder,
the flfikeflfihood that they respond correctfly on the ffirst questfion fincreases,

hence the finteractfion. In the procedure used fin Anaflysfis 3 (sfimfiflar to &¥l

papers consfidered fin Anaflysfis 2), chfifldren were gfiven no feedback to the
response to the ffirst questfion. Whfifle chfifldren mfight finterpret thfis as
findficatfing they shoufld swfitch thefir answer, fit fis equaflfly fifkefly that they
finfer that because they dfid not get correctfive feedback, thefir response
was correct and they shoufld respond fin the same manner. Moreover,
chfifldren were not more flfilefly to swfitch thefir answer fif they responded
correctfly to the ffirst questfion (36% of these chfifldren) than fifthey dfid not
(34% of these chfifldren), x2(1) = 0.45, p = .50.

Second, even fif thfis expflanatfion hefld for the resuflts of Anaflysfis 3, the
finteractfion was observed fin Anaflyses 1 and 2. In Anaflysfis 1, the data
mostfly came from findependent sources (fi.e., condfitfions that onfly asked
one of the seflf or other questfions). In Anaflysfis 2 (fifike Anaflysfis 3), both
questfions were asked of the same chfifld, but dfifferent flabs used dfifferent
methods for admfinfisterfing the procedure. Anaflysfis 2 was reexamfined to
consfider how the seflf and other questfion were counterbaflanced fin these
condfitfions. Thfirty-seven of the 70 condfitfions used a ffixed order opposfite
to what was presented fin Anaflysfis 3 (fie., seflf questfion ffirst, other
questfion second). Reanaflyzfing just those condfitfions demonstrated an
fidentficaf]l pattern of resuflts to what was reported fin Anaflysfis 2 above,
specfifficaflfly sfignfifficant mafin effects of age and questfion type, as weflflas a
sfignfifficant finteractfion between age and questfion type.

9. General discussion

The three anaflyses presented here show a reproducfibfle finteractfion
between preschooflers' performance on the seflf and other questfions of the
unexpected contents measure and thefir age. Young 3-year-oflds were
more accurate at keepfing track of thefir own representatfionafl change
than finferrfing another's faflse beflfief, whfifle oflder 4-year-oflds show the
reverse pattern. Thfis finteractfion produced a sfignfifficant dfifference be-

tween the two questfion types overaflfl, wfith performance on the seflf
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questfion exceedfing that of performance on the other questfion fin both
Anaflysfis 1 and 2. The reverse was true fin Anaflysfis 3, presumabfly due to
the sampfle fin Anaflysfis 3 befing oflder on average (the average ages finthe
ffirst two anaflyses were both beflow 48 months, whfifle the average age of
the sampfle fin the thfird anaflysfis was over 50 months).

In each anaflysfis, the sfize of the finteractfion effect was smaflfl, but
consfistent throughout the ways the data were consfidered. Gfiven the
smaflfl effect sfize, one mfight ask how these ffindfings shed flfight on the way
chfifldren deveflop finferences about faflse beflfief. In the next sectfion, I try to
dfiscuss a possfibfle finterpretatfion and fimpflficatfions of thfis pattern of data.

10. Early privileged access, but later memory errors?

One possfibfle finterpretatfion of these data fis that they support the
posstibfiflfity that chfifldren do have earfly prfivfifleged access to thefir own
knowfledge, as performance on the seflf questfion exceeds performance on
the other questfion for the younger chfifldren examfined fin each anaflysfis
presented here. But one shoufld not concflude from thfis (as potentfiaflfly
suggested by Pfiaget, 1932) that young chfifldren have a conceptuafl form
of egocentrfism, and sfimpfly used thefir prfivfifleged access to thefir own
mentafl states for finferences about others. Rather, one mfight suggest the
present anaflyses bufifld on arguments made by Harrfis (2018), who sug-
gested that chfifldren mfight have “prfivfifleged conscfious access onfly to
those beflfiefs and emotfions that we assume to be based on a vaflfid pficture
of reaflfity. Once that pficture of reaflfity fis shown to be mfistaken, our be-
fifiefs and emotfions wffFlbe revfised and fit wftfl requfire an act of recon-
structfion to fidentfify and expflficate what we once thought and feflt.” (p.
94). Cfitficaflfly, Harrfis's suggestfion rested around chfifldren's under-
standfing of thefir own fignorance, whfich deveflops earflfier than thefir un-
derstandfing of others' faflse beflfief (e.g., Pratt & Bryant, 1990; Weflflman &
Lfiu, 2004), but there fia simfiflafity between knowfing one fifignorant and
knowfing one fi beflfievfing faflsefly. It seems flfiefly that chfifldren mfight ffirst
apprecfiate thefir own fignorance, and then use that knowfledge to flearn
that they are wrong about the worfld.

On thfis vfiew, earfly fin deveflopment, chfifldren do not understand that
seefing candfles fin the crayon box requfires them to change thefir beflfief
about what fi fin the box. And gfiven thfis, chfifldren mfight prfivfiflege thefir
own beflfiefs about the actuafl contents, and retafin that finformatfion over
any finference they make about others' mentafl states (fleadfing to better
performance on the seflf questfion). Once, however, chfifldren apprecfiate
that the contafiner's contents befing dfifferent from the expectatfions that
are fin common ground (fi.e., the flabefl on the box) requfires a change fin
thefir own representatfion of the contents, the act of rememberfing thefir
past beflfief mfight become more dfiffficuflt than judgfing what another wffl
beflfieve. That fis, the seflf questfion fisno flonger a questfion about chfifldren's
own fintrospectfive access, but rather now becomes a memory questfion —
specfifficaflfly whether chfifldren remember thefir prevfious beflfief state (a
pofint generaflfly rafised by Perner et afl, 1987).

And when the seflf questfion fi vfiewed as a memory task, there fisa
potentfiafl way to expflafin how performance on the other questfion exceeds
fit flater fin deveflopment. Chfifldren mfight make what Bernstefin, Atance,
Mefltzoff, and Loftus (2007) cafffl an error of “hfindsfight bfias” (p. 1374).
When presented wfith the deceptfive contents, chfifldren err on the seflf
questfion because they are overfly finffluenced by what they now know to
be true. Bernstefin et afl showed that preschooflers' performance on
dfifferent faflse beflfief tasks correflated wfith the amount of hfindsfight bfias
they dfispflayed. These correflatfions were sfignfifficant when the battery of
faflse beflfief measures they admfinfistered had seflf questfions; the battery fin
whfich onfly questfions about others' faflse beflfiefswere asked dfidnot show a
sfignfifficant reflatfion to hfindsfight bfias (see Tabfle 3 on p. 1383). More-
over, there fis a U-shaped deveflopmentafl trajectory of hfindsfight bfias;
Bernstefin, Erdfeflder, Mefltzoff, Perfia, and Loftus (2011) found that
aflthough preschooflers (3- to 5-year-oflds) engaged finmore hfindsfight bfias
than oflder chfifldren, 3-year-oflds were fless bfiased than 4-year-oflds
(aflthough these dfifferences were efither margfinafl trends or not statfistfi-
cAflfly sfignfifficant), and 5-year-oflds aflso showed fless bfias than 4-year-oflds.
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That fis, 4-year-oflds' greater hfindsfight bfias suggests the possfibfiflfity that
the seflf questfion woufld be more dfiffficuflt for them than the other ques-
tfion at thfis age, fleadfing to thefir potentfiaflfly performfing better on the
other questfion.

11. Developing altercentrism?

The possfibfiflfity presented fin the prevfious suggestfion mfight be finte-
grated wfith another, reflated flfiterature fin theory of mfind deveflopment.
Over the flast 15 years, numerous studfies have documented theory of
mfind capacfitfies fin chfifldren much younger than those under consfider-
atfion here. A prototypficafl way that thfis flfiterature has been represented
fis through examfinfing toddflers' performance on measures of fimpflfifit
faflse beflfief (e.g., Onfishfi & Bafiflflargeon, 2005). These studfies generaflfly
findficate that toddflers apprecfiate that others can have faflse beflfiefs.

The nature and reproducfibfiflfity of the work on toddflers' fimpfificfit
understandfing of faflse beflfief fis contentfious, and beyond the scope of thfis
dfiscussfion (see e.g., Sabbagh & Pauflus, 2018 and the specfiafl fissue of
Cognfitfive Development they edfited on thfis topfic). Nonethefless, a prom-
fisfing theoretficafl approach was suggested by Southgate (2020). Earfly fin
deveflopment, finfants regfister certafin facets of the mentafl states of others —
they have an afltercentrfic bfias (see aflso Apperfly & Butterffiflfl, 2009, for
reflated arguments), but flack a cflear sense of seflf. Thfis expflafins thefir
performance on certafin earfly competence measures durfing the toddfler
years, as the presence of others can affect certafin attentfionafl cues (e.g.,
Manea, Kampfis, Wfiesmann, & Southgate, 2021). By the tfime chfifldren
are 3, they begfin to deveflop a fuflfler sense of seflf and represent events
from thefir own perspectfive and that of others, but cannot flfikk those
representatfions together (foflflowfing Perner & Leahy, 2016). And much
fifie the arguments made above, thefir deveflopfing sense of seflf mfight
make thefir own mentafl states more saflfient and avafiflabfle for reasonfing
(sfimfiflar to the arguments made by Harrfis, 2018).

But as chfifldren begfin to flfink those perspectfives together and thefir
capacfitfies becomes representatfionafl, they do not sfimpfly a return to the
afltercentrfic bfias they have fin finfancy. Rather what emerges fsa focus on
the fimportance of others' mentafl states, whfich coufld expflafin the better
performance on the other questfion than the seflf questfion. Understandfing
others' mentafl states are more expflanatory to understandfing mfinds and
engagfing fin socfiafl-cognfitfive finferences fi consfistent wfith suggestfions
made Gopnfik (1993); see aflso Gopnfik & Astfington, 1988). The presence
of others hfighflfights the fimportance of those others' mentafl states, and
attentfion to others' mentafl states begfins to be more saflfient durfing the
ffifth year of flfife

12. Implications, objections, and limitations

The present resuflts coufld be finterpreted as suggestfing that the
phenomenoflogficafl experfience of deveflopfing chfifldren fin these sampfles fis
that they ffirst have a growfing awareness of thefir own mentafl states,
potentfiaflfly startfing wfith fignorance and then movfing towards thefir own
faflse beflfiefs, and flater fin deveflopment, juxtaposed that prfivfifleged access
to thefir mentafl states wfith the emergence of memory errors (that re-
duces performance on the seflf questfion) or the saflfience of others' mentafl
states (that boflsters performance on the other questfion). However, the
smaflf] effect sfizes reported here suggest that the deveflopmentaf] story
mfight not be as expflficfit.

So, fitfisaflso possfibfle that what the present anaflyses suggest fsa more
mfinor change fin the way researchers conceptuaflfize the deveflopment of
representatfionafl theory of mfind. That fis, cflose phfiflosophficafl examfina-
tfion of how sfimuflatfion theory woufld aflflow chfifldren to understand
others' mentaf] states mfight requfire them to repflficate domafin-specfiffic
knowfledge findficated by posfitfing chfifldren deveflop a representatfion
theory of mfind, findficatfing that there's not a great dfifference between
those theorfies (e.g., Davfies, 1994; Perner & Brandfl, 2009).

And over the flast few years, the fidea that chfifldren deveflop such a
representatfionafl theory of mfind (fi.e., theory theory) has evoflved to posfit
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that chfifldren possess both domafin-generafl reasonfing mechanfisms and
domafin-specfiffic knowfledge (Gopnfik & Weflflman, 2012; Weflflman, 2014).
On thfis more contemporary vfiew, chfifldren’s domafin-generafl causafl
fleamnfing capacfitfies underflfie thefir deveflopfing theory of mfind, fincfludfing
thefir deveflopfing understandfing of faflse beflfief. Chfifldren must possess the
domafin-specfiffic knowfledge necessary to engage fin conceptuafl change,
but are reflfiant on domafin-generafl fleamfing capacfitfies for deveflopment to
occur.

Framed fin thfis way, mentafl state finferences from others' actfions has
been descrfibed as a form of “finverse pflannfing;” reasoners reconstruct the
mentafl states of others based on thefir actfions, wfith numerous compu-
tatfionafl modefls descrfibfing aduflts' and finfants' finferences (e.g., Baker,
Jara-Ettfinger, Saxe, & Tenenbaum, 2017; Baker, Saxe, & Tenenbaum,
2009; Jara-Ettfinger, Gweon, Schuflz, & Tenenbaum, 2016; Rafferty,
LaMar, & Grfifffiths, 2015). Thfis framework suggests that reasoners
generate and represent posstibfle modefls of how mentafl states cause ac-
tfions. Formfing and reasonfing over such a hypothesfis space mfight be a
domafin-generafl mechanfism reflated to chfifldren's fimagfinatfive abfiflfitfies (e.
g., Kushnfir, 2022; Sobefl, fin press), and prfior to apprecfiatfing the specfiffic
representatfionafl nature of beflfief, mfight make one's own mentafl states —
fi.e,, the basfis of such generatfive modefls — more saflfient. Thfis woufld aflflow
chfifldren the kfind of prfivfifleged access under consfideratfion earfly fin
deveflopment. But another reasonfing capacfity that fis deveflopfing be-
tween the ages of 3-4 fisthe capacfity to posfit that nonobvfious causes are
effficacfious (Nazzfi & Gopnfik, 2000; Sobefl, Yoachfim, Gopnfik, Mefltzoff, &
Bflumenthafl, 2007). Thfis suggests that when chfifldren reaflfize that beflfiefs—
that fis, nonobvfious causes of behavfiors — are representatfionafl, thefir
attentfion swfitches from the seflf to the other. Thfis coufld aflflow better
performance on the other questfion than the seflf questfion flater on.

Put another way, the smaflfl effect sfizes documented here mfight not
findficate that chfifldren have broad-sweepfing dfifferent phenomenoflogficafl
experfiences when engagfing fin faflse beflfief reasonfing durfing the pre-
schoofl years. Rather, these ffindfings mfight findficate smaflfler demand
characterfistfics of a broader, domafin-generafl reasonfing system. Future
research shoufld finvestfigate thfis possfibfiflfity to shed flfight on these theo-
retficafl contrasts.

Ffinaflfly, a fifimfitatfion of the present dfiscussfion fis the need to fintegrate
the deveflopmentaf] ffindfings presented here wfith ffindfings fin aduflt socfiafl
psychoflogy that emphasfize the simfiflafifies and dfistfinctfions between
mentaf] state finference about the seflf and other. In partficuflar, these
studfies suggest that mentafl state finferences about others are made by
accessfing a shared neurafl representatfion of our own and others' actfions,
thoughts, and emotfions, and seflectfing the finformatfion that specfifficaflfly
appflfies to others and not ourseflves (e.g., Decety & Sommervfiflfle, 2003;
Epfley, Keysar, Van Boven, & Gfiflovfich, 2004; Gaflflese & Gofldman, 1998;
Jenkfins, Macrae, & Mfitcheflfl, 2008; Preston and De Waafl, 2002; Stefin-
befis & Sfinger, 2014; aflthough see Saxe, 2005, 2009, for a dfissentfing
finterpretatfion of these data). To fiflflustrate how such an fintegratfion mfight
be consfidered, the finteractfion between age and questfion type descrfibed
here presumabfly does not extend to aduflthood. Aduflts and even oflder
chfifldren woufld presumabfly perform at cfiflfing on both questfion types
(see suppflementafl materfiafls sectfion for an extensfion of the mega-
anaflysfis fincfludfing oflder chfifldren). It fis certafinfly possfibfle that the
finteractfion reported here has no bearfing on aduflts' use of sfimuflatfion{lfike
capacfitfies to take the perspectfive of others. However, fit fis aflso possfibfle
that these resuflts findficate an earfly-deveflopfing attentfionafl focus on other
peopfle, as evfident by numerous cases fin whfich aduflts' socfiafl (and even
non-socfiafl) finferences are finffluenced by the presence of others (see e.g.,
Kampfis & Southgate, 2020, for a revfiew).

13. Methodological implications

It fis aflso necessary to descrfibe an fimportant methodoflogficafl fimpflfi-
catfion of the present anaflyses. Many studfies consfidered for the anaflysfis
coufld not be fincfluded because they reported the resuflts of a composfite

score of the seflf and other questfions (63 papers) or combfined such a
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composfite score wfith other measures of faflse beflfief (110 papers). An
open questfion fis whether the resuflts of those studfies are actuaflfly
measurfing a composfite faflse beflfief measure or show dfifferent patterns of
resuflts fif the seflf and other questfions are anaflyzed separatefly. An
fimportant methodoflogficafl fimpfficatfion of the present anaflysfis fis for re-
searchers to justfify thfis practfice, whfifle recognfizfing that the seflf and
other questfions mfight not be measurfing the same construct (see Sup-
pflementaf]l Materfiafls for one such anaflysfis).

14. Conclusion

The present anaflyses reveafl a mostfly hfitherto negflected aspect® of
the deveflopment of faflse beflfief on the unexpected contents task — an
finteractfion between chfifldren’s age between the thfird and ffifth bfirthdays
and thefir abfiflfity to answer questfions about thefir own representatfionafl
change and others' faflse beflfief correctfly. These resuflts are not easfifly
expflafinabfle sfimpfly by posfitfing that chfifldren have prfivfifleged access to
thefir own mentafl states (whfich woufld not posfit the shfift to better per-
formance on the other questfion flater fin deveflopment), nor by cflassfic
accounts of chfifldren deveflopfing a representatfionafl theory of mfind
(whfich posfits no dfifference between these questfions). I have trfied to
specuflate on a novefl finterpretatfion based on exfistfing flfiterature, as weflfl
as reffinements to contemporary accounts of theory of mfind deveflop-
ment. But these specuflatfions requfire further finvestfigatfion and reffine-
ment. That safid, the broad concflusfion fisto chaflflenge researchers movfing
forward to revfise theorfies of the deveflopment of faflse beflfief to fincflude
the posstibfififity that performance on the seflf and other questfions have a

dfifferent, but potentfiaflfly reflated deveflopmentafl trajectory.
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