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Abstract

Our developmental psycholinguistic research focoesethe way language system interacts
with other aspects of human cognition, more speadiff, with the development of naive
theory of mind. In the past ten-fifteen years nunsrarticles were written about the possible
connections between the two abilities with contrtaty results and contradictory
conclusions. The aim of our 2 studies is to shgitt lon the possible relationships of
understanding complements, naive theory of mindveord acquisition using new test
processes; a nonverbal false belief test and a-learding complement task. In our first
study we found in agreement with our channel-effggiothesis that connection between
complement syntax and false belief test (FBT) is tiuthe verbality of the tests and not to the
causal connection between complement syntax awe tizory of mind as it was suggested
by DeVilliers (2002). In our second study we tedtesl effect of word learning situations; in
contrast with Happé & Loth’s (2002) results in oesearch these situations made both FBT
and Complement tasks more difficult for children.

1. Introduction

Relationship between acquisition of language amthkoognition, more specifically theory

of mind, is well established by several researa (&stington, 1999). However, the
guestions of the exact mechanisms and the natuhesafelationship in acquisition which
have significant implications to the approachethefcognitive developmental psychology in
general are still open.

Theory of minds the ability to attribute mental states to oshend to interpret and predict
their behaviors by these mental states. The abdigttribute false belief to others has been
taken as the litmus test for theory of mind abil®ne of the standard false belief tests is the
Sally Anne test in which the child watches as Splices her ball to a basket and leaves the
room. In her absence the other puppet called Aramesfers Anne’s ball into a box. When
Sally returns and wants to play with her ball théctis asked: “Where will Sally look for her
ball?” To pass the test the child must realize 8aly doesn’t know that Anne transferred her
ball into the box and will therefore look for it the basket where she left it. Children
typically do not pass such tasks until the ageaf {Baron-Cohen, 1985).

As both language and theory of mind abilities anmmplex cognitive abilities, connections
between them were found in different aspects ahthad at different developmental levels.
We emphasize two aspects of language, semanticsyatak and their relationships to theory
of mind which are relevant in our studies.
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members of the Autism Foundation and Research GBuglapest, Hungary: Barbara Batta, Eszter Sajo,
Krisztina Stefanik and Zsuzsa Véarnai, and AgnesePifair their help in the investigations. Thank thddren
who participated and their parents. Preparatigdh@de research was supported by Autism Foundation,
Budapest, OTKA, NKFP.



In the case afemanticseveral investigations found connection betweerattguisition of
mental state words (attend, want, think) and théop@ance on theory of mind tasks (Moore
et al, 1989; Astington et al, 1995). Further stadiated that joint attention behavior which is
— according to several authors (e.g. Carpentdr &088) — a precursor of theory of mind has
an important role in word acquisition; so the waghdd finds out what the reference of a new
label is by checking the gaze direction of the pensho said the new label (Baldwin &
Moses, 1994). The generalizations of these latrtiesuggest that theory of mind is needed
to the acquisition of language.

In a recent study by Happé & Loth (2002) the effe#fdhe acquisition of a new label was
tested in a FBT so children had to track a faldebi@ order to learn a novel word. They
found that in spite of the increased task compyesignificantly more children passed the false
belief task when it was combined with a word leagiiask than when presented in its standard
form. Happé and Loth interpreted these resultsttiesiry of mind mechanism might be not a
unitary mechanism but it might consist of more {east two — component mechanisms, and their
developmental trajectories may be different.

In case okyntaxand its relation to theory of mind the results ambiguous, too. Tomasello
(2000) suggests based on his empirical findingsadnservations that the construction of
grammar framework needs general cognitive and sogiative skills, including the
precursors of theory of mind.

DeVilliers found the opposite connection betweeasotly of mind and a particular aspect of
syntax: sentential complements. DeVilliers definesplements as a type of embedded
sentences where the complement-taker verb canrbmuanication or mental verb. The
embedded part of the sentence (subordinate clage complement. According to the
DeVilliers hypothesighe acquisition of complement syntax is the rezagnt of passing false
belief test so the emergence of the theory of malnitity based on metarepresentations.
Similar connection was found between complementasyand theory of mind in children

with autism (Tager-Flusberg, 2000). Autism, a psiv@ neurocognitive developmental
disorder with heterogeneous but dominantly ger@tgins is an excellent test-field of
empirical hypotheses concerning the relationshipvéen linguistic and sociocognitive
development. This is so, because while languagigeifiormal sense is often sound in autism,
existence of a theory of mind deficit in childreitiwautism has been confirmed in hundreds
of studies since it was first found in Baron-Cole¢al. (1985). What makes autism especially
relevant for our studies is the “problem of passehat although most children with autism
fail on theory of mind tasks, there are a few whegpthem. A possible resolution of this
problem is the assumption that these childreraugerbal compensatory stratetfypass false
belief tasks (see, e.g., Happé, 1995). If thisdkeed the case, we expect a very strong
predictive effect of complement understanding &otly of mind ability in autism.

In sum, beyond the correlational results which ntheéeexistence of developmental
connection between language and theory of mind evane evident and empirically
underpinned some of the studies were able to detertine direction of this connection but as
we could see these results are contradictory.

In the first study we investigated dlahannel-effect” hypothesjghat the predictive effect of
language level concerning theory of mind abilitglige to theverbalnature of theory of mind
tests. In this case the above-mentioned findingsather methodological byproducts than
valid indicators of a real causal connection betwibe two abilities.

In our second study the method of testing compleémederstanding was combined

with the testing of word acquisition. The main di@sof this study is whether children can
pass the word-learning false belief task earliantthe complement task and by this means
the word-learning FBT (WFBT) could predict the penhance on FBT the most. (see fig. 1)
In this case the original DeVilliers hypothesis \wbmeet another challenge.
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Figure 1 Our hypotheses are shown by the arrows. Arrovad facilitation effect of word-leaning situation in
false belief test (WFBT). The question mark indisatee uncertainty when children can pass the WFBiiavA
2: the facilitation effect of word-leaning situatiotn Complement test (WCompl). Arrow 3: the preidiet
relationship between word-learning complement(®&Tompl.) and word-leaning false belief test (WFHihe
extended DeVilliers hypothesis).

In our second study we tested two further relatgebtheses (1) one of them was what we call
theextended de Villiers hypothesige expect that mastery of sentential complememgipr
false belief understanding not only in the standbud also in the word learning context. The
other aim of the study was to reveal the mechauwistine effect of word learning situations

on mental state attribution. In contrast with Happd Loth’s interpretation, (2) in our
facilitation hypothesisve suggest that the better performance in falsgefagiderstanding in
word learning contexts is due to a general fatititaeffect of such situations and not to the
different developmental trajectories of two separaechanisms of theory of mind.

2. Study 17
2.1. Method
2.1.1. Participants

Two groups of children participated in our studspitally developing children and children
with autism spectrum disorder, all children weréveaHungarian speakers.

Twentytypically developing childre(il1 girls) aged 3 to 5.5 years (mean age 4,8 years
participated in our first study. All of them werecruited from local preschools.
Sixteenchildren with autism spectrum disord@r girl) aged 7;7 to 11;9 (mean age 10;2) .All
children were recruited through the Autism FourmtatBudapest, Hungary. Diagnosis of
autism was made on the basis of DSM-IV criteriaAAP994). The children’s IQ scores were
obtained using the Wechsler Intelligence ScaleCtitdren Il (WISC-III; Wechsler, 1991),
the mean 1Q was 79.7 (verbal 1Q: 81.33; performd@re52.6). The main criterion of
selecting children was the verbal mental age basdtie investigation of Happé (1995)
according to which children with autism do not téagbass the false belief tests under the
verbal mental age of seven.

2.1.2. Materials and procedure
Language

Language level was assessed byRbabodyPicture Vocabulary Test (PPVT; Csanyi, 1974)
which is a measure of one-word receptive vocabwda/with the Hungarian version of

2 All investigations with children with autism weitee part of Krisztina Stefanik’s PhD dissertati@d@5s).



Trog® (Bishop, 1983) which is under standardization whith measures the receptive
grammar. In the lack of a complete Hungarian stechdee used the raw scores at both tests.
Complement tasks: as the age of the two grouparmicgpant was significantly different and
therefore their linguistic abilities too we usedibgd two tasks which differed in their
difficulty to test sentential complementdemory for Complementsas used to test typically
developing children. An example: The girl said & kister that she brought some apples, but
she really brought some oranges. “What did thesgiyf?” The correct answer was “that she
brought some apples” (“apples” was accepted agcbanswer too). We presented 12
sentences and children passed the test if theyemadvminimum 10 questions correctly.
Complements in wh-questiongre used to test children with autism. An exampleoy was
having chocolate in the school at noon. Later hetwweme and played with his toys. That
evening he said to his mum “| ate chocolate thisnmitoWe asked then two questions:
(1)When did the boy say what he ate? The corresstv@nwas “that evening”. (2) When did
he say he ate? The correct answer was “that n@astories were presented; criterion for
passing was set at 13 or more out of 16 (as twetmues were given after every story).

Theory of Mind

Two different type of false belief tests were adstered; a verbal and a nonverbal test. In the
verbal test three standard false belief tasks ywergsented; two location-change false belief
tasks based on Baron-Cohen, (1985) and an unexipeataents false belief task based on
Perner, Leekam, and Wimmer (1987). Children patisederbal FBTif minimum 2 tasks

were passed (and all the control questions weneenesl correctly). Thaonverbal FBTwas
based on Gyri et al (in press) it contains two false beliegska and a true belief task. Children
passed the nonverbal FBT if all the three taskepeassed.

2.2. Results
2.2.1. Results on typically developing children

Table 1 shows the partial correlations (age wasgbiad out) among the two type of FBT and
the language tests; the Peabody, Trog and Memo@dmplements.

Memory for
Peabody Trog Compl. VFBT nvFBT
Peabody 1,0000
Trog ,2748 1,0000
Memory for

Compl. 3427 ,3882(*) 1,0000

VFBT , 1172 4211 (%) ,4948(*) 1,0000

nvFBT ,0942 -,0886 ,0388 ,4585(*) 1,0000

Table 1 Partial correlations in typically developing chigdd. (* p<0.05, ** p<0.01)

% The development of the Hungarian version is in prsg by Agnes Lukécs and Miklés &y(BME KT
Department, Budapest)



The correlations in bold are significant as showve found significant correlation between
Memory for Complements and Trog, Memory for Compets and verbal FBT, the verbal
FBT and Trog, and the verbal FBT and nonverbal FBT.

The verbal FBT was passed by 13 (65%) childrenthadonverbal was passed by 12 (60%)
children, the difference is certainly not signifitavith McNemar tests.

Finally, stepwise method of discriminant analyseswised to investigate which language
measures contribute most strongly to performanceednal and nonverbal false belief test.
The performance on verbal FBT was predicted by Mgrfar Complements the most

(Wilks’ Lambda=0.639, F=10.153, p<0.005) but thef@enance on nonverbal FBT wasn'’t
predicted by any of the language tests.

2.2.2. Results on children with autism
We used partial correlation where the age wasgikdi out. Table 2 shows the results the

correlations in bold are significant so betweenglaad Complements in wh-questions, verbal
FBT and Trog, and verbal FBT and Complements imguéstions.

Trog Compl. inwh- cpr NVEBT
questions
Trog 1,0000
Compl. in wh- "
questions ,4864(*) 1,0000
VvVFBT , 7250(**) ,5425(*) 1,0000
nvFBT -,2288 ,1034 ,2365 1,0000

Table 2 Partial correlations in children with autism. (*@85, ** p<0.01)

Eleven (68%) children passed the verbal FBT buntheverbal test was passed only by 7
(43%) children, the difference is not significaktdNemar tests) (Giri, 2004; in press).

We used stepwise method of discriminant analysisvestigate which language measures
contribute most strongly to performance on verloal an nonverbal false belief test. The
performance on verbal FBT was predicted by compigsi@ complex wh-questions the most
(Wilks’ Lambda=0.492, F=13.43, p<0.05) but the parfance on nonverbal FBT wasn’t
predicted by any of the language tests.

2.3. Discussion

In our first study we reproduced the results of Di&rs on typically developing children and
Tager-Flusberg’s results on children with autisrthwine verbal FBT. Our findings underpin
that the performance on Complement task predietpénformance on thesrbal FBT. In
contrast the results monverbalFBT didn’t mirror such a connection. These resoftdoth
samples strongly suggest that the DeVilliers hypsihcan’'t be hold in its original form.
Rather the data support our channel effect hypathist the effect found between
complements and false belief test coming from @dality of the FBT and not from an
essential and causal connection between the tiiebbehind the two test processes. It
means that DeVilliers’ conclusion that the acqiositof a specific aspect of syntax namely
sentential complements are prerequisites of thebmyind is not tenable. The even more
general conclusions regarding to the developingnitivg architecture became questionable



too. With our new results there is no reason tarassthat these two cognitive abilities can’t
be acquired without each other — in this case thebmind without language — which was a
strong argument for a constructive developmentrtheo

Data on children with autism is consistent with p@g statement that children with autism
pass verbal FBT with verbal compensation. Our teslow strong correlation among
language measures and verbal FBT, and this coomneststronger than what we found in
typically developing children. Further implicatioos the nonverbal FBT go beyond the focus
of this paper for more details about this seérGgt al (in press).

3. Study 2

3.1. Method

3.1.1. Participants

Sixty-five typically developing childreaged 2.5 to 5.5 years were recruited from local
preschools. 14 children were excluded as theydalenemory pretest (see description at
Materials). Thus 51 children (26 girls) were inatddn the final sample (and were divided
into four groups: 2.5-3 years: 5 children; 3-4 geds5 children; 4-5 years: 16 children; 5-5.5
years: 15 children) their mean age was 4;2 years.

3.1.2. Materials and procedure

Memory pretest

A toy tiger was shown to the child and was ask®dhat is that?” After the child had named
the toy we put the tiger into a box and closedlien a toy lion was shown to the child and
was asked: “What is that?” Then we took the tigdrad the bow and put the lion inside. The
child was then asked: “What is in the box now?” &that was in the box in the beginning?”
Only those children who passed both questions paextto the main investigation. In
contrast to the original pretest used by HappélLalk the two toys in our pretest were
visually very similar to minimize the possibilitigdt in later tests children fail because they
mixed the objects due to the visual similarity. fisareason why we had to exclude much
more children from the investigation (14 childréman Happé and Loth (only 5 children).

Language

The same language tests and procedures were athredisis in study 1: Peabody Picture
Vocabulary Test (PPVT; Csanyi, 1974), Trog (Bisht@83) and the Memaory for
Complements task.

Word learning complement task: To avoid such acsin that the facilitation effect of word
learning situation might appear in sentential ca@m@nts as well so the causal connection
between word-learning Complement task and wordalegrFBT might still remain we
developed a word learning complement test whichldoned the word learning situation with
the standard complement tasks used by DeVillienseample: She said to the girl that there
Is a toy in her hand but it really was a TIMA. Wided she say? The correct answer was “that
there was a toy in her hand” (“toy” was also acedptSo the child didn’t have to repeat the
novel word which would have meant extra difficuity them. But just like in word-learning



FBT we tested if they can decide to which of the tvavel objects referred the new label.
(The other new object was also in the picture).

Theory of Mind

The verbal FBT was administered the same way dtewiin studyl.

Word learning FBT (Happé & Loth, 2002): Sally pla@new object in a box then she leaves.
Anne comes in and she has another new object aadchpuobject into the box (takes Sally’s
object out of it). Anne leaves too. Sally comeskbaied labels the object without opening the
box , There is a wug in the box” Then we displayethbobjects in front of the child and
asked: Which one is the wug? (We followed the samathods at labeling the object, at the
questions and control questions and at criteriingeds were used by Happé and Loth). We
also tested the children with the true belief \arsdf the word-learning test. In that Anne
transfers her new object into the box in the preseri Sally so the new label refers to Anne’s
object what really is in the box.

3.2. Results

Thirty-eight children passed all control questiomSally Anne FBT. Of these, 27 children, so
the 71% passed the Sally Anne FBT too. In the weadning FBT thirty children passed all
the control questions and only 10 children (33%heim answered the test questions
correctly. Finally in the word-learning true beltekt (TBT) thirty-eight children passed the
control questions and 22 of these (57%) also pabsetbst questions.

To compare the performance on FBT to the performamcword-learning FBT we selected
the children who passed the control questionsdtin basks (Table 3). Using McNemar tests
we found that significantly more children passesl $ally-Anne FBT than the word-learning
FBT (khi square=15.53 df 1, p<0.001). Following ida@nd Loth’s statistical analysis we
also focused on the children who could pass ong¢yadrthese two tests. Of the 10 children
who passed the word-learning task only 1 (10%g¢hihe Sally-Anne task. In contrast, of the
22 children who passed the Sally-Anne test 13 cdnild59%) failed the word-learning FBT.
As expected however the word-learning TBT (38/Z8sed to be easier than the word-
learning FBT (30/10) for the children, the diffecens not significant.

Word-learning FBT
Pass Fail
Pass 9 13 >:22
|[FBT (Sally-Anne)
Fail 1 7 >:8
> 10 >:20

Table 3 Contingency table showing numbers of children ipasand failing the Word-learning False Belief test
(FBT) and the standard Sally-Anne false belief t@stcluding the children who didn’t pass the cohtreestions
for both tasks).



As our results are just the opposite as Happé atiid results we made further analyses
concentrating on the word-learning FBT to deternatwhat age children can pass it.
Children aged 2.5 to 3 years bottom effect in evesy so their results won’t be shown in the
diagram.

Children's performance on
word-learning FBT

14+
12
10

Number of 81
children 6

W Passed
O Failed

3-4y 4-5y 5-55y

Ranges for age

Diagram 1 Children’s performance on word-learning FBT (indhglonly those who passed the control
questions) in 3 age ranges; 3-4 years, 4-5 year§#n5 years.

In Diagram1 we can see that only the half (12/@hefoldest children in our sample who
aged 5 to 5.5 passed the word learning FBT. Whiearma it was much more difficult for
them than the Sally-Anne FBT, in which our resiitteto the results of the literature that
children pass the false belief tests from the dge o

Fifty-one children passed all control question€omplement task. Of these, 24 children, so
the 47% passed the Sally Anne FBT, too. In the veadning complement task forty-four
children passed all the control questions and ildreim (32%) of them answered the test
guestions correctly.

To compare the performance on Complement tasketpenformance on word-learning
complement task we selected the children who patsecontrol questions for both tasks
(Table 4). Using khi square tests we found thatiBantly more children passed the
Complement task than the word-learning complenmask (khi square=13.56, df 1, p<0.05).
we used the same method of comparing as in thetk@Twe focused on the children who
could pass only one of these two tests. Of thehlldren who passed the word-learning
complement task only 1 (10%)) failed the standarch@lement task. In contrast, of the

23 children who passed the Sally-Anne test 10 cdnld43%) failed the word-learning FBT.



Word-learning Complement task
Pass Fail
Pass 13 10 > 23
Complement task
Fail 1 20 y:21
> 14 >:30

Table 4 Contingency table showing numbers of children ipgsand failing the Word-learning Complement
Task and the standard Complement task (excludingttidren who didn’t pass the control questionstfoth
tasks).

As our further hypothesis built upon the result$lappé and Loth that we couldn’t reproduce
moreover we found just the opposite results ouh@rranalysis lost their reasons. In
summary, the word-learning situation made bothRB& and complement task more difficult
for children.

3.3. Discussion

In contrast with Happé and Loth’s results we fothmat word-learning situation in a false
belief test (and in complement task as well) makegask more difficult and not easier. What
can be the reason of this discrepancy? We wouddttikemphasize that we followed all the
methodology that Happé and Loth used. Sometimesetinodological considerations were
even stronger (see Memory pretest). It is alsoidenable that the effect we found seems to
be strong: only the half of 5-5.5 years old chitdo®uld pass the word-learning FBT while
standard FBT was passed from the age of 4 whiclueégs the possibility that children in our
investigations were less gifted than the onesertthppé and Loth’s research. Another
tentative possibility is that Hungarian languagalenthe word-learning FBT more difficult.
But there is no data indicating that Hungariandseih would acquire novel words later or
with more difficulty than children speaking othanyuages. Considering the relatively large
number of children and the strict methological edesations there is no reason that could
explain such a difference. However, it is paradaixénd against intuition that increased task
complexity would result higher performance as guggested by Happé and Loth.

4. General discussion

In our two studies we intended to give a deepeerstdnding of the relationship among
sentential complements naive theory of mind andivaaquisition. The aim of our studies in
connection with the DeVilliers hypothesis was tedstigate the possibility that the causal
connection found by DeVilliers between sentent@hplements and FBT is due the verbal
mode of FBT. Our data were consistent with our deseffect hypothesis since if FBT was
presented in a completely nonverbal mode the cdiomedisappeared. There are further



studies which in support with our results found thdanguages other than English the
connection between sentential complements and EB@ested by DeVilliers doesn’t exist.
So their conclusion is that DeVilliers findings aet simply byproducts of the verbality of
FBT, but byproduct of the English language (Pestexl, 2005) which is even a stronger
statement against the complement hypothesis. Vdehgisothesized that if we extend the
number of tests in the investigation with the wtedrning FBT no predictive connection will
be found in verbal testing of FBT either. But ir s@cond study we found that word-learning
FBT was not easier for children as it was statetiagpé & Loth so the second hypothesis
lost its validity.

The importance of findings on children with autisnlual. On the one hand the fact that
results on children with autism are consistent whihresults on typically developing children
in sentential complements is a strong argumemnbdiorchannel effect hypothesis. We also
found that in case of nonverbal testing of FBT dhquisition of complement syntax is not the
prerequisite of passing false belief test and hetled emergence of metarepresentational
theory of mind either. On the other hand our dafgpsrt the verbal compensation theory of
Happé as the correlations among verbal FBT and tahguage tests were stronger than what
was found in typically developing children (&y; in press).

Finally, we investigated the effect of word-leagsituation in two tasks; in the FBT and in
Complement tasks. In contrast with earlier findinms results suggest that word-learning
situations make FBT more difficult for childrenn8iar effect was found in Complement
tasks. So here again the further hypothesis baséaeoearlier findings lost their validity.
However the reason of such an appreciable differé&etween the data of the two studies is
not clear yet, our studies suggest that we haveason to assume that theory of mind
mechanism (ToMM) would consist of (at least) twb&mponents: one for detecting
communication situations and the other for detgdtiehavioral situations. The idea of a non
unitary theory of mind mechanism is not a new thduin the literature we can find a few
researchers who suggest that subcomponents or sdbles exist inside if TOMM. Tager-
Flusberg and Sullivan (2000) for example interjigt results on children with Williams
syndrome that theory of mind has two subcomponangscial-cognitive and a social-
perceptual component. Another example is SperlBQRwho in partial consensus with
Happé and Loth, argues for the existence of (systéms of ToMM and one of them would
be a (sub-)system for communication. But until neevhave no unambiguous empirical
evidence against the unitary theory of mind.
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