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Abstract

Although neurocognitive impairments in theory of mind and in executive functions have both been hypothesized to
play a causal role in autism, there has been little research investigating the explanatory power of these impairments
with regard to autistic symptomatology. The present study examined the degree to which individual differences in
theory of mind and executive functions could explain variations in the severity of autism symptoms. Participants
included 31 verbal, school-aged children with autism who were administered a battery of tests assessing the
understanding of mental statdenowledge and false beligtind executive control skillevorking memory,

combined working memory and inhibitory control, and planniagd who were behaviorally evaluated for autism
severity in the three core symptom domains. Whereas theory of mind and executive control abilities explained the
significant variance beyond that accounted for by language level in communication symptoms, neither explained the
significant variance in reciprocal social interaction or repetitive behaviors symptoms. These findings are discussed
in terms of a proposed distinction between higher level, cognitive—linguistic aspects of theory of mind and related
executive control skills, and more fundamental social-perceptual processes involved in the apprehension of mental
state information conveyed through eyes, faces, and voices, which may be more closely linked to autistic deficits in
social reciprocity.

Impairments in theory of mind and in execu-that autism involves an impairment in the abil-
tive functions have both been hypothesized tity to conceive of mental states and to use men-
underlie the core, defining symptoms of autal state concepts to interpret and predict one’s
tism. The theory of mind hypothes{8aron— own and other people’s behavior. Although ef-
Cohen, Tager—Flusberg, & Cohen, 20@0sits forts to specify the nature of the “mentaliz-
ing” impairment in autism have increasingly
taken a developmental rather than a static, all
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implicitly understand that mental states aub- (Pennington et al., 1997; Russell, 199%ased
jective representationsf the world that are on evidence that executive functions tasks are
independent of and not necessarily congruebetter at discriminating individuals with au-
with reality (Astington & Gopnik, 1991; tism than are theory of mind task®zonoff,
Perner, 1991; Wellman, 1980-rom the van- Pennington, & Rogers, 199and that perfor-
tage point of the theory of mind hypothesismance on measures of executive functions and
an impaired ability to represent mental statesalse belief understanding are correlated in au-
and the limited awareness of oneself and othé¢ism (Ozonoff et al., 1991; Russell, Mauthner,
people that this implies, provides a compelSharpe, & Tidswell, 1991
ling explanation for the failures in communi-  Most research on theory of mind and exec-
cation and reciprocal social interaction thatitive functions deficits in autism has followed
characterize autisniBaron—Cohen, 1988; a classic group comparison design, with the
Happé, 1994; Tager—Flusberg, 1999 goal of demonstrating autism-specific deficits
In contrast to the theory of mind hypoth-in these domains. However, an alternative and
esis, the executive functions account of aysotentially powerful approach has been to as-
tism (Pennington, Rogers, Bennetto, Griffith,sess the degree to which individual differ-
Reed, & Shyu, 1997; Russell, 190attributes ences in theory of mind or executive functions
autistic symptomatology to deficits in broadercan account for variations in autistic symp-
domain-general, executive control processdems (see Hughes, 2001; Travis, Sigman, &
that are not specific to social cognitidsee Ruskin, 2001 This individual differences ap-
Joseph, 1999, for a revigwExecutive func- proach has the obvious value of assessing
tions have been described as consisting of thoadnether impairments in theory of mind or ex-
“mental operations which enable an individecutive functions are directly associated with
ual to disengage from the immediate contexhe actual behaviors that define autism, but
in order to guide behavior by reference to menefforts to link theory of mind or executive func-
tal models or future goals’Hughes, Russell, tions deficits to levels of symptomatology in
& Robbins, 1994. More specifically, execu- autism have thus far produced mixed results.
tive functions are thought to involve several Thus, for example, a lack of false belief
interacting but potentially dissociable mentalinderstanding has been linked to deficits in
operations, including working memory, inhi-conversational abilityCapps, Kehres, & Sig-
bition, mental flexibility, and planningDen- man, 1998 and adaptive social functioning
nis, 1991; Ozonoff, 1997; Ozonoff, Strayer(Frith, Happé, & Siddons, 1994n individu-
McMahon, & Filloux, 1994; Robbins, 1996 als with autism. However, one important con-
Deficits in executive control processes havsideration in assessing such links is whether
been proposed as a cause of not only the rigitiey are independent of language ability, which
and repetitive behavior patterns that characteis related to both the false belief test perfor-
ize autismDamasio & Maurer, 197&ut also mance(Happé, 1995and symptom severity
of the core impairments in communication andBailey, Phillips, & Rutter, 1996in autism. In
reciprocal social interaction. In executivefact, the associations that were found between
terms, social-communicative competence rdalse belief understanding and symptom sever-
quires on-line updating, evaluation, and seledty were not statistically significant when the
tion of appropriate responses to a constawariation in language ability was taken into
stream of multifacete@erbal, nonverbal, con- account(Capps et al., 1998; Fombonne, Sid-
textua) information(Bennetto, Pennington, & dons, Achard, Frith, & Happé, 19984in an-
Rogers, 1996; Hughes & Russell, 1998he other study, Travis et al2001) reported no
executive dysfunction account of autism hasgelationship between false belief test perfor-
been formulated largely as an alternative tmmance and two observational measures of so-
the theory of mind hypothesis. Its proponentsial interaction skills in school-age children
have argued that executive deficits are potenvith autism. Two additional studies showed
tially more primary and may possibly accounthat training on mental state attribution re-
for the theory of mind impairment in autismsulted in enhanced performance on theory of



Theory of mind and executive functions in autism 139

mind tasks in children with autism, but theseences in symptom severity in individuals with
effects were not accompanied by improveautism, giving some credence to arguments
ments in social competen@®zonoff & Miller, that success on false belief tests does not
1995 or communicative competendgiad- generalize to competencies in actual social-
win, Baron—Cohen, Howlin, & Hill, 199¥ communicative functioningBowler, 1992;
Across all these studies, it is notable that thErith, Morton, & Leslie, 1991; Happé, 1994;
measures of severity in social and communklin, Schultz, & Cohen, 2000 However, the
cative functioning were limited either to sin-limitations of prior studies may explain these
gle symptoms or to indirect measures thatull results. For example, most studies have
did not correspond to conventional diagnostiicluded samples that were either quite small
criteria for autism(American Psychiatric As- or highly heterogeneous in age and ability, mit-
sociation[APA], 1994; World Health Organi- igating power to detect such a relation, partic-
zation[WHO], 1993. ularly one that is independent of the variation
Research on the relationship between exeut language ability. Furthermore, there has been
utive functions and social-communicative deflittle research comparing the explanatory power
icits in autism(Dawson, Meltzoff, Osterling, of the theory of mind and executive control
& Rinaldi, 1998; Dawson, Munson, Estes, Osabilities with regard to autistic symptomatol-
terling, McPartland, Toth, Carver, & Abbott, ogy, especially in the domains of social and
2002; Griffith, Pennington, Wehner, & Rog-communicative functioning.
ers, 1999; McEvoy, Rogers, & Pennington, The goal of the present study was to exam-
1993 has focused mainly on younger chil-ine the relationship of representational theory
dren, for whom theory of mind tasks are nobf mind ability (i.e., knowledge and false be-
yet developmentally appropriate. Thus, the hylief understandingand executive functions to
pothesis that executive dysfunction is a prieach other and to concurrent symptom sever-
mary deficit in autism with potentially greaterity in a reasonably large and fairly homog-
explanatory power than theory of mind impairenous group of school-age children with
ment has not yet been tested from an individautism. Our selection of a sample of verbally
ual differences perspective. One exception iable children with a mean age of approxi-
a series of studies conducted by Tur(l997) mately 9 years ensured that false belief
who examined the relationship of repetitiveunderstanding served as a developmentally ap-
behaviors to performance on tests of execipropriate index of theory of mind ability be-
tive functions and theory of mind in oldercause this is the verbal mental age at which
children with autism. Using the Repetitive Be+oughly half of individuals with autism pass
haviors Interview, Turner found that lower levelfalse belief test§Happé, 199k In addition,
repetitive behaviors, such as stereotyped maere administered multiple theory of mind tasks
tor behaviors, were associated with “rebecause the use of an aggregate approach has
current” perseveratiofii.e., simple response been shown to produce the most reliable mea-
repetition on the Intradimensional-Extra-sure of theory of mind abilitieéHughes, Ad-
dimensional set-shifting task, whereas highdam, Happe, Jackson, Taylor, & Caspi, 2000
level repetitive behaviors, such as circum- To assess executive functions, we selected
scribed interests, were associated with “stuckan array of developmentally appropriate tasks
in-set” perseveratiofi.e., inability to change designed to measure working memory, com-
seb on the set-shifting task and with impairedbined working memory and inhibitory con-
ability to produce novel responses on generatrol, and planning ability in children whose
ivity tasks(see also Turner, 1999n contrast, mental age was approximately 4—-12 years.
Turner (1997 found no association betweenWorking memory refers to the capacity to hold
false belief understanding and repetitive beinformation “on-line” in mind while perform-
haviors in individuals with autism. ing another mental operation or activity. Work-
In summary, there is as yet no compellingng memory deficits have been found in autism
evidence that the social-cognitive abilitie§Bennetto et al., 1996 but not consistently
tapped by false belief tasks can explain differ€Ozonoff & Strayer, 2001; Russell, Jarrold, &
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Henry, 1996. Although there is no evidencesures relative to prior studies that used de-
of an autism-specific impairment in simple reppendent measures based on single behaviors
sponse inhibition(Hughes & Russell, 1993; (Capps et al., 1998; Travis et al., 200and it
Ozonoff etal., 1994; Ozonoff & Strayer, 1997 would thereby increase the possibility of re-
tasks that require a combination of workingvealing the associations with theory of mind
memory and inhibitiorisee Diamond, Prevor, and executive functions.
Callender, & Druin, 199Y have reliably re- An additional issue of interest was the re-
vealed executive function deficits in autismlationship of general cognitive ability and par-
(Hughes, 1996; Hughes & Russell, 199Bi- ticularly language ability to the variables under
nally, planning ability, as measured on theonsideration. First, it is well-documented that
Tower of Hanoi and Tower of London taskstheory of mind abilities in individuals with
has consistently been found to be impaired iautism are strongly correlated with language
autism(Bennetto et al., 1996; Hughes et al.ability (Happé, 1995; Tager—Flusberg &
1994; Ozonoff et al., 1991; Ozonoff & JensenSullivan, 1994; Yirmiya, Erel, Shaked, &
1999; Ozonoff & McEvoy, 1994 The Tower Solomonica—Levi, 1998 Second, it has been
tasks require participants to rearrange a set bf/pothesized that formal and pragmatic lan-
disks from their original configuration on threeguage deficits contribute to executive deficits
pegs to a prescribed goal state in as few movés autism (Hughes, 1996; Liss, Fein, Allen,
as possible. In addition to measuring problemDunn, Feinstein, Morris, Waterhouse, & Rapin,
solving and planning ability, these tasks hav@001; Russell, 1997 ; Russell, Jarrold, & Hood,
been conceptualized as tapping combinet®99. Third, language level and general intel-
working memory(generating and maintaining lectual ability are important prognostic fac-
a sequence of moves in minend inhibitory tors with regard to symptom severity in autism
control (inhibiting direct placement of a disk (Bailey et al., 1996; Lord & Paul, 1997Thus,
to its final destination; Roberts & Penningtonan important consideration in the current study
1996; Russell et al., 1996 was whether associations between theory of
We assessed symptom severity in each ofind ability, executive functions, and symp-
the three domains of core impairment in autom severity in autism could be established
tism as defined bypSM-IV (APA, 1994 and independently of their shared relationships with
International Classification of Diseases 10anguage skills and broader cognitive abilities.
(ICD-10; WHO, 1993 criteria and measured
on the Autism Diagnostic Observation Sched-
ule (ADOS; Lord, Rutter, DiLavore, & Risi, Methods
1999; see also Lord, Risi, Lambrecht, Cook,
Lenventhal, DiLavore, Pickles, & Rutter, Participants
2000. Although the ADOS includes only com-
munication and reciprocal social interactionThe 31 children(27 males, 4 femaléesn the
behaviors in its formal diagnostic algorithm,study hadDSM-1V clinical diagnoses of au-
we also assessed the relationship of theory tifm or Pervasive Development Disorder—
mind and executive functions to repetitive beNot Otherwise SpecifiedPDD-NOS. They
haviors from the ADOS for exploratory pur-ranged in age from 5 years 7 monttis7) to
poses, given their relevance to the executive4;2 (M = 8;9, SD = 2;5) and were recruited
dysfunction hypothesis of autisifiTurner, through community sources to participate in a
1997). In addition to providing a direct mea- longitudinal study on language functioning and
sure of the defining behavioral features of ausocial cognition in autism. All participants met
tism, an important advantage of the ADOS ishe criteria for autism on the Autism Diagnos-
that the summary score for each symptom ddic Interview—RevisedADI-R; Lord, Rutter,
main is based on ratings stveralbehaviors & LeCouteur, 1994 All participants also met
selected to discriminate autism. The use dhe criteria for autism(n = 27) or for a less
these summary scores would be expected severe diagnosis of autism spectrum disorder
increase the reliability of our symptom mea<{n = 4) on Module 3 of the ADOSLord et al.,
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Table 1. Participant characteristics tered in randomized order. In order to reduce
(N=31) the Type | error associated with multiple com-
parisons, several composite measures were
M SD  Range formed from the tests that were administered,

Age (years:months 89 25 57-14:2 ea_ch of \_/vhich was justified by the intercorre-
DAS lation of its component measures, as described
Verbal 1Q 83 20.0 51-118 below.
Nonverbal 1Q 88 22.8 49-153
EVT standard score 78 19.6 40-114
PPVT-lIl standard score 83 21.1 40-134Language
ADI-R?2
Communication 17.8 3.9 9-25 Language measures included age-equivalent
Social interaction 216 48 11-29 gcores from the EVT and the PPVT-III. Be-

Repetitive behaviors 6.9 2.8 cause the PPVT-1Il and EVT were developed

aThe diagnostic thresholds for the ADI-R communica—WIth the same normative sampl_e and the two
tion, social interaction, and repetitive behavior domain$cores were strongly correlated in our sample,
are 8, 10, and 3, respectively. r (29) = .78,p < .001, we averaged the age-
equivalent scores from these tests to generate
a composite language score for each child. We
used age-equivalent scores rather than age-

1999. Two children from our original Samplefadjusted standard scores because they were

of 33, both of whom had clinical diagnoses 0more suitable for comparison to the theory of
PDD-NOS and met criteria for autism on the P y

ADI-R, did not meet the criteria for autism ormmd alnd execu;'ve fucr;(;non measures, which
Autism Spectrum Disorder on the ADOS andNere also not adjusted for age.

were therefore excluded from the study. Chil-

dren with Rett syndrome, Childhood Disinte-Nonverbal mental age (NVMA)

grative Disorder, or autism-related medical

conditions(e.g., neurofibramatosis, tuberoud\VMA served as our measure of general cog-
sclerosis, fragile X syndromewere not in- nitive ability. It was calculated by averaging
cluded in this study. Their IQs were assesséi€ age-equivalent scores for all the DAS non-
with the Differential Ability ScalegDAS; El- verbal subtests for each participant. As with
liott, 1990, which yield a full scale, as well as the language level, an age-equivalent rather
separate verbal and nonverbal, IQ scores. LaHlan a standardized score was used because
guage level was assessed with the Expressiife other measures were not adjusted for age.
Vocabulary Test EVT; Williams, 1997 and
the Peabody Picture Vocabulary T¢BPVT-
[1l; Dunn & Dunn, 1997, which are measures
of one-word expressive and receptive vocabFhree standard tasks designed to assess knowl-
ulary, respectively. The participant characteredge and false belief attribution were admin-
istics are described in Table 1. istered to each child.

Theory of mind

Perception knowledgé3ased on Pillow1989
and Pratt and Bryantl990, this task tested
All measures were administered in two visitghe ability to infer knowledge from perceptual
scheduled approximately 2 weeks apart. Duiccess. On two trials, children were shown that
ing the first visit, diagnostic assessments anan object was concealed in a small box. Next,
IQ and language testing were completed. Duthey observed onéemale doll who looked
ing the second visit, separate batteries of theoiy the box and anothémale doll who simply

of mind and executive function tasks were adtouched the box, and they were askdahawl-
ministered in counterbalanced order. Withiredge questiori‘Does he'she know what's in
each battery, individual tasks were administhe box?).

Measures
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Location-change false belieBased on Wim- dition was included. In the forward task, chil-
mer and Perneg1983), this task included two dren heard the examiner speak a sequence of
stories told with props in which an object iswords at the rate of one word per second. For
moved to a new location while the main chareach trial, a fixed sequence was randomly pre-
acter is absent. For each story, participants weselected from a set of nine words, all of which
asked aknowledge questiofifDoes X know were single-syllable, high-frequency concrete
where Y is?), afalse belief questiofiWhere nouns(arm, boat, brush, chair, dress, knife,
will X look first for Y?”), and afalse belief mouse, ring, tree After each sequence was
justification questior(*Why?"). spoken, participants were immediately pre-
sented with a 3 3 grid containing nine line
Unexpected-contents false beli@ased on drawings corresponding to the set of nine
Perner, Leekam, and Wimmglr987) and Gop- words, and they were instructed to touch the
nik and Astington(1988, participants were pictures in the same order as the words were
shown two different familiar containers thatspoken. For each trial, the arrangement of the
contained unexpected contents. Each of twpictures in the grid changed so as to prevent
trials included afalse belief in self question children from using a fixed visual represen-
(“When you first saw this box, what did youtation of the array to help encode the word
think was inside?, aknowledge questiofilf  sequence and to introduce a visual search com-
| show this box to X, will X know what is ponent to the taskthus requiring participants
inside?), and afalse belief in other question to maintain the word sequence in working
(“What will X think is inside?”). memory while searching for and pointing to
Two trials of each test question yielded aach successive itemiFollowing the word span
possible score of 0—2, for a total possible theorforward task, all participants were adminis-
of mind score across the seven test questiotesred a word span backward task, which was
of 0-14. Corrected item-total correlationsexactly the same as the forward task except
between individual test questions and totathat children were instructed to touch the pic-
theory of mind scores ranged from .Gdr the tures in the reverse order from the spoken se-
unexpected contents false belief in other questuence. For both the forward and backward
tion) to .78 (for the location change knowl- tasks, children were given two different trials
edge questionChronbach’s alpha for the severof each sequence length, which ranged from
test questions comprising the theory of mindwo to seven words. One point was given for
measure was .90, indicating high internakach correct trial. Testing was discontinued
consistency. when a child failed both trials of any one se-
quence length.
Executive functions Block span.In the block span tedtisaacs &
Five executive functions tasks were adminisVargha—Khadem, 1989children were asked
tered, providing measures wbrking memory to watch as the examiner pointed to an unstruc-
(Word Span, Block Spanworking memory tured array of nine identical, black blocks af-
and inhibitory control(Day—Night, NEPSY fixed to a white board and to point to the blocks
Knock—Tap, andplanning (NEPSY ToweJ. in the same sequence as the examiner in the
Each task was preceded by a brief traininglocks forward test and in the reverse order
procedure, consisting of a maximum of foufrom the examiner in the blocks backward test.
practice trials, to ensure participants’ comprec€hildren were administered two different tri-
hension of task instructions. No correctiveals of each sequence length, which ranged from
feedback was given during test trials. two to eight blocks, and they earned one point
for each correct trial. Testing was discontin-
Word span.The word span task was similar toued when a child failed both trials of any one
the “nonverbal recall” span task used by Russequence length.
sell et al.(1996), except that in the present The word and block span tasks were simi-
study a backward, as well as a forward, conlar in that they required participants to update,
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rehearse, and maintain information in workiotal of 20 possible trials, which increased in
ing memory and to use that information to carrgifficulty from one to seven moves for the cor-
out a response. Although the word and blockect solution. Following NEPSY procedures,
span tasks differed in the modality of inputonly trials solved in the optimur(i.e., fewest
(auditory vs. visugl and the backward taskspossiblg¢ number of moves were scored as cor-
were more demanding of working memory carect and awarded one point, for a total possi-
pacities than the forward tasks in that theyple score of 0—20. Testing was discontinued
required mental manipulation of the responsafter four consecutive incorrect responses.
sequence, scores on all four tasks were highly The executive functions tasks were chosen
intercorrelated. Therefore, a composite scoren the basis of their expected sensitivity to
was generated for each participant for a totaxecutive deficits in children within the age
possible span score of 0—52. Chronbach’s a&nd ability range we studied. Given that the
pha for the four component span measures wapan tasks began with a relatively simple se-
.82, indicating high internal consistency forquence of two and continued until the highest
the composite span measure. attainable sequence was reached, there was lit-

tle likelihood of floor or ceiling effects on these
Day—Night.Following the same procedure asmeasures. The NEPSY Knock—Tap and Tower
Gerstadt, Hong, and Diamond994), chil- tests were specifically designed for children
dren were instructed to say “day” to a picturdrom the ages of 5 through 12 years, which
of the moon and stars and “night” to a picturecorresponded well with the age range of our
of the sun. Participants were presented witeample. Although typically developing chil-
eight moon and eight sun stimuli in pseudodren have been found to reach near-ceiling lev-
random order for a total of 16 test trials. els of accuracy~90% correct by the age of

7 years on the Day—Night te€Berstadt et al.,
Knock-Tap. This task was taken from the 1994, we included this measure because of
NEPSY(Korkman, Kirk, & Kemp, 1998and prior evidence that tasks requiring combined
was administered according to the standard prerorking memory and inhibitory control are
cedure. Children were instructed to knock wittparticularly difficult for children with autism
their knuckles on the table when the examingisee Joseph, 1999
tapped with flat palm and vice versa. A total
of 15 trials were given in pseudorandom orderS mptom severit
Both the Day—Night and Knock—Tap tasks ymp y
required participants to hold an arbitrary reThe severity of autism symptoms was as-
sponse rule in working memory and to inhibitsessed using the ADO&.ord et al., 1999
a prepotent respons@o name the picture The ADOS involves a series of experimenter-
shown, to copy the hand movement of the exadministered social events and “presses” de-
amine). However, the scores on these tasksigned to provide quantitative ratings of
were weakly correlate@r = .27,ns) and were communicative, reciprocal social, and repeti-
therefore treated as separate variables. tive behaviors. All participants in this study

met the minimum language requiremetitsx-
Tower. The NEPSY TowerKorkman et al., ible sentence production, use of language to
1998, which was modeled after Shallice’srefer beyond the immediate context, ability to
(1982 Tower of London, was used as a meamake logical connections within a sentepce
sure of planning ability and administered acfor ADOS Module 3.
cording to the standard NEPSY procedure. The dependent variables taken from the
Children were asked to rearrange three diffeADOS included the communication total score
ent colored balls situated on three vertical pegand the social interaction total score from the
to reach a goal state, shown on a picture boarilodule 3 diagnostic algorithm. The commu-
in a prescribed number of moves without vionication total score is derived from four items,
lating the rulesmoving only one ball at a time making a possible score of 0—8, and the social
directly from one peg to anothehere was a interaction total score is derived from seven
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Table 2. Internal coherence of ADOS symptom domains=(R1)

Item-Total
Correlations | D

Communication item$a = .69)

Stereotypedidiosyncratic use of words or phrases .50 .63

Reporting of events .54 .59

Conversation .66 .56

Gestures .33 71
Social interaction iteméa = .63)

Unusual eye contact .33 .62

Facial expressions directed to others .46 .56

Insight .38 .60

Quality of social overtures .63 .50

Quality of social response .10 .65

Amount of reciprocal social communication .52 .55

Overall quality of rapport .09 .67
Repetitive behaviors itemg = .44)

Unusual sensory interests .10 .51

Hand and finger and other complex mannerisms .26 .35

Excessive interest in unusual or highly specific topics .35 .25

Compulsions or rituals .29 .32

Note: The statistics for each of the three symptom domains were calculated separately. The
item-total correlations were corrected. tb alpha if item deleted.

items, making a possible score of 0-14. Higher Table 2 shows the internal coherence and
ADOS scores reflect increased symptom setem-total correlations for each of the ADOS
verity. According to test documentatighord symptom domains in the present sample. The
et al., 1999, items included in the communi- Chronbach’s alpha values for the ADOS com-
cation and social interaction algorithm totalsnunication, social interaction, and repetitive
were selected from all available items withbehaviors scales were .69, .63, and .44,
the goal of operationalizing th®SM-IV/ respectively.

ICD-10 criteria for each domain. Further, items

were chosen on the basis of their relatively

low correlations with other items from eachResults

scale and their ability to discriminate between

individuals with autism, individuals with PDD- Prior to statistical analyses, a screening was
NOS, and nonautistic individuals in the ADOSconducted to check for skewness, kurtosis, and
validity sample. The construction of separateutliers in the distribution of the data for each
communication and social interaction scalegariable. At an alpha level of .05, the screen-
was supported by confirmatory factor analying revealed a negative skew in the distribu-
ses(Lord et al., 1999. A third dependent vari- tion of Day—Night scores. Because of the
able taken from the ADOS was derived frormegative skewness, the Day—Night variable was
the four repetitive behavior items included irreflected and a logarithmic transformation was
Module 3, with a possible score of 0—8. Theapplied, resulting in a relatively normal distri-
repetitive behaviors score was not included ibution. The transformed variable was again
the final ADOS diagnostic algorithm becauseeflected in order to shift values in the correct
it did not assist in classifying individuals in direction. In addition, the ADOS repetitive be-
the validation samplé_ord et al., 1999 How- haviors scores showed positive skew, which
ever, scores on all but one of the itefws- were also corrected to normal with a logarith-
usual sensory interesiswere significantly mic transformation. Table 3 provides the
higher in individuals with autism than in non-participants’(untransformey scores on all
autistic individuals in the validation sample. measures.
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Table 3. Means (M), standard deviations
(SD), and ranges for test scores fN31)

M SD Range

Nonverbal mental age
(years;months

Language age
(years;months

7,6 2,9 3,6-16;3

6;4 2:4 3;4-12;11

Theory of mind 7.4 49 0-14
Executive functions
Total span 15.7 6.8 4-26
Day—Night 125 4.4 0-16
Knock—Tap 104 4.2 2-15
Tower 7.4 4.3 2-15
ADOS symptom severity
Communication 5.2 1.8 2-8
Social interaction 9.1 22 5-14
Repetitive behaviors 19 1.74 0-8

aThe averaged age-equivalent scores from PPVT-IIl an
EVT.
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correlated with any of the ADOS symptom
scores.

Relationships between executive functions
and theory of mind ability

As can be seen in Table 4, before the effects of
NVMA or language level were removed, all
executive functions scores were significantly
correlated with theory of mind and with each
other, with the exception that Day—Night was
correlated only with total span. When NVMA
and language level were partialed out, among
the executive functions measures, total span
and Day-Night, and Knock—Tap and Tower
remained significantly correlated, possibly re-
gecting a shared verbal working memory
component between the former two tests and

PHigher scores reflect increased symptom severity. Diaga shared motor inhibition component be-

nostic threshold scores for Module 3 ADOS communica;
tion and social interaction domains are 3 and 6 for al

tween the latter two. Knock—Tap was the only

autism diagnosis, and 2 and 4 for a less severe autisﬁ’?(eCUtive functions measure to rem_ain _signif-
spectrum disorder diagnosis, respectively. Repetitive béeantly correlated with theory of mind inde-

haviors are not included in the diagnostic algorithm.

Effects of age, NVMA, and language level

Table 4 displays the full and partial correla
tions among the main variables with the ef
fects of NVMA and the effects of language
level each removed separately. As can be se
in the full correlations, age was associated wit

pendently of both nonverbal ability,(28) =
.59,p < .01, and language leval,(28) = .48,
p < .01. The association between these vari-
ables was moderately strong, with 23—35% of
variance shared between them after NVMA
and language level were partialed, suggesting

that the capacity for combined working mem-

ory and inhibitory control specifically contrib-
utes to a representational understanding of

en

Wental states in this group of children.

NVMA, language level, and total span score

only. NVMA and language level were highly Re|ationship of executive functions and

correlated with each other._ .Further, both ofheory of mind ability to symptom severity
these measures were significantly correlated

with theory of mind ability and with perfor-

The relationship of executive functions and

mance on all of the executive functions taskgheory of mind to symptom severity was ex-

except Day—Night. The only notable differ-
ence in the relationships of these two vari

amined separately for each ADOS symptom
domain. When NVMA was controlled, both

ables to theory of mind and executive functionthe Knock—Tap score,(28) = —.48,p < .01,
measures was that language level was mueimnd the Tower score,(28) = —.45,p < .05,
more strongly associated with theory ofwere inversely related to communication symp-

mind ability than was NVMA; language t

oms, but correlations between these variables

level explained 53% of the variance in theoryvere not significant when language level rather
of mind scores, whereas NVMA explainedthan NVMA was partialed. Similarly, Knock—
18%. In addition, language level explainedrap was significantly correlated with repeti-
significant variance in ADOS social inter-tive behaviors symptoms,(28) = —.50,p <
action and particularly communication symp-01, when NVMAwas controlled, but not when

toms, but NVMA was not significantly

language was controlled.
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Table 4. Full and partial correlations between measures\31)

11

Variable 1 2 3 4 5 6 7 8 9 10
1. Age —
2. Nonverbal mental age .38* —
3. Language age 42* .B63*** —
4. Total span 56** T 3*F* 55** —
5. Day—-Night .29 .16 21 A4* —
AT
.39*
6. Knock-Tap .02 A4* 53** 51** .27 —
31 .22
31 .19
7. Tower 17 B1** A9** 51** .10 .59** —
A1 .00 .45*
.33 .00 A4*
8. Theory of mind .22 43* T3 55** .39* B7rr* A2* —
37* .36 59** .22
25 35 48* A1
9. ADOS communication -.17 -.33 —.58** .38* -.33 —.55%* —.54%* 78k —
21 -.29 —.48* —.45* —.75%**
.09 -.26 -.36 -.36 —.64rr*
10. ADOS Social Interaction —.05 12 —.36* .01 —.06 —.18 -.18 —.46** T Lxxx
12 —-.09 -.25 -.32 —.57** .80***
.26 .01 .02 -.01 -.31 BT
11. ADOS Repetitive Behaviors .16 .08 —-.34 .06 —.05 —.41* —.05 —.46** 52 .B0***
.00 -.07 —.50** -.13 —.56** .58** 59**
.31 .02 -.30 14 -.34 A2 54%*

Note: The first correlation is full, the second is partialed for nonverbal mental age, and the third is partialed for language age.

*p < .05, **p < .01. **p < .001.
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Theory of mind was correlated with bothTable 5. Summary of regression analyses
social interaction symptoms, (28) = —.57, assessing contribution of theory of mind and
p < .01, and repetitive behaviors symptomsexecutive functions to ADOS symptom scores
r (28) = —.56, p < .01, when NVMA was
controlled, but these correlations were not  Variable B R? AR?
significant when language was controlled. In
contrast, theory of mind was significantly cor-
related with the level of communication symp-Step 1

DV ADOS Communication Score

toms regardless of whether NVMA,(28) = StLanzguage —.58** 33 .33
_ e — ep
.75,p < .001, or language ability, (28) Language _ o2

—.64,p < .001, was partialed out. Thus, in- Theory of mind ~ —.76%* 61 28w
dependent of NVMA and language, theory oktep 3

mind accounted for 41-56% of the variance in Language .08
communication symptoms. THetests for as- ~ Theory of mind ~ —.72%
Tower =.27* .66 .05*

sessing nondirectionaltwo-tailed) differ-
ences between nonindependent correlations DV ADOS Social Interaction Score
(Bruning & Kintz, 1987 showed that the
language-partialed correlation between theor§tep 1
of mind and communication symptoms was of Language —.36* A3 13
significantly larger magnitude than that be-
tween theory of mind and social interaction
symptomst (28) = 2.88,p < .01, and that it Step 1
was of marginally larger magnitude that that Language —.34 A1 .11
between theory of mind and repetitive behav- _
or symptomst (26) = 1.96,p < .10. e o1 s epencert anable, e nguage seore
In addition to the correlational analysesyariables were entered in the order of highest statistical
multiple regression analyses were conductesipnificance until the threshold criterion pf= .05 was
to examine the combined contribution of ex1¢a<hed
ecutive functions and theory of mind ability to
the severity of symptoms in each domain. First,
language level was entered into each equationodel. Because of a potential overlap in the
as a control variable. Language was the onlyariance explained by the theory of mind and
control variable included because neither agéower scores, a second model was attempted
nor NVMA correlated significantly with symp- in which Tower rather than theory of mind
toms scores. Second, the theory of mind anstore was entered into the equation after lan-
executive function variables were entered iguage level. However, when entered indepen-
the order of highest statistical significancedently of theory of mind ability, the Tower did
using a forward stepwise procedure. Table Bot account for the significant additional vari-
shows the regression coefficients and the irence in ADOS communication score. In addi-
crements in variance explained at each stdmn, none of the other executive functions
for each model. measures, whether entered individually or to-
Language ability accounted for 33% of thegether, contributed to an increment in the vari-
variance in the ADOS communication scoreance explained. Language ability contributed
F (1, 29 = 14.4,p < .01. The next entered relatively modestly to variance in ADOS so-
variable was theory of mind ability, which ac-cial interaction scoreR? = .13,F (1, 29 =
counted for an additional 28% of varianég,. 4.2,p < .05, and in ADOS repetitive behav-
(1, 28 =19.6,p < .001. Finally, the Tower iors scoreR? = .11,F (1,29 = 3.7,p < .07.
score explained an additional 5% of variancéleither the theory of mind nor the executive
in the communication symptomS,, (1,27 = functions measures accounted for additional
4.3,p < .05. None of the other executive func-variance in social interaction or repetitive be-
tions variables contributed significantly to thehaviors symptoms.

DV ADOS Repetitive Behaviors Score

p < .05.*p < .01. **p < .001.
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One concern is that the relatively lower in-ate for the children in this study. We found
ternal consistency of the ADOS social interthat children’s theory of mind performance was
action and repetitive behaviors scores may hawensistently related to the components of ex-
made it more difficult to detect a relationshipecutive control we measured, but these asso-
between the predictor variables and the levaliations did not hold up when the shared effects
of symptoms in these domains. Consequentlgf nonverbal ability and particularly language
we increased the internal coherence of thedevel on these two variables were controlled.
measures by removing two weakly correlated One exception was the robust relationship
items (Quality of Social Response, Overallwe found between theory of mind and Knock—
Quality of Rappor) from the social inter- Tap performance, which was independent of
action scale, raising the alpha coefficient tdoth NVMA and language ability. The Knock—
.72, and removing one weakly correlated itenTap task required children to combine inhibi-
(Unusual Sensory Interestdom the repeti- tion and working memory in order to withhold
tive behaviors scale, raising alpha to .51. Howa prepotent motor responée copy the exam-
ever, when similar regression analyses weilieer’s hand movemephtby maintaining an
repeated with these modified dependent mearbitrary response rulg@o knock when the ex-
sures, the same results were obtained. aminer tapped and vice vepsa active mem-
ory. The requirements of the Knock—Tap test
are formally similar to other executive tasks
on which autism-specific deficits have been
We now discuss our findings with regard tafound(Hughes, 1996; Hughes & Russell, 1993
(@ the relationship between theory of mindand to at least one other executive task that
and executive functions and) the relation- has been associated with false belief perfor-
ship of these two variables to symptom sevemance in autisniRussell et al., 1991 It was
ity in the three domains of impairment thatinteresting that, although the Knock—Tap task
define autism. was also similar in its demands to the Day—
Night test we administered, performance on
the latter was not correlated with theory of
mind scores. One explanation for this lack of
It has been argued that executive control de&ssociation was that there was a ceiling effect,
icits contribute to and are possibly the priveflected in the negative skew on the Day-
mary cause of the well-documented deficits ilNight measure, and that this skew was not ad-
mental state understanding among individuaksquately corrected by the transformation that
with autism (Hughes, 2001; Russell, 1997 was applied.

However, evidence supporting these claims has Our finding of an association between
been limited(Ozonoff et al., 1991; Russell Knock—Tap and theory of mind performance
et al., 199]. In the current study, we exam-suggests that domain-general executive pro-
ined representational theory of mind abilitiesesses, specifically the capacity for combined
in a group of rigorously diagnosed, schoolworking memory and inhibitory control, may
age children with autism for whom under-mediate or at least provide the necessary con-
standing of knowledge and false belief waglitions for success on theory of mind tasks in
developmentally within the range of their cog-children with autism, as has also been sug-
nitive and linguistic abilities. As such, thisgested for typically developing childré@arl-
group of children could be expected to proson & Moses, 2001; Hughes, 1998a, 1998b
vide a revealing picture of developmentallyThis makes sense given that successful attri-
limiting and enabling factors affecting the un-bution of false beliefs requires an individual
derstanding of representational mental statés maintain a false representation of a given
in autism. Furthermore, we included a battergtate of affairs in working memory and to re-
of executive functions measures that tappedsast the normal tendency to ascribe mental
range of executive control processes and thatates on the basis of a prepotent reality. How-
were selected to be developmentally approprever, although these findings support the idea

Discussion

Executive functions and theory of mind
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of a mediating role of executive functions inverity of reciprocal social interaction or repet-
theory of mind in autism, it is not clear fromitive behaviors symptoms once language level
these data, nor from prior studies, whether exwas controlled.

ecutive functions are mainly important fper- It has long been argued that theory of mind
formanceon theory of mind tasks or whetherimpairments can explain the pragmatic com-
they are more deeply involved in tloencep- munication deficits that are characteristic of
tual developments that are necessary for a rephildren and adults with autistBaron—Cohen,
resentational understanding of miGiloses, 1988; Happé, 1994; Tager—Flusberg & Ander-
200)). It is also important to note that theson, 199]1. However, prior studies directly ex-
present data provide support for a role of examining the relationship between theory of
ecutive functions in one specific aspect omind and communication symptoms have
theory of mind development, which normallyfailed to establish a relationship between these
occurs around age 4 and involves the abilitfactors that was independent of language level
to represent epistemic mental states, such &apps et al., 1998; Tager—Flusberg & Sulli-
knowledge and belief. Numerous authors havean, 1995. Several factors may have contrib-
proposed a broader perspective on theory ofted to the positive findings of the present
mind that would include the ability to readstudy. These include the relatively larger sam-
mental states from more immediately availple size, which increased the power to detect a
able perceptual information, such as bodyelationship between these factors; the use of
movements, eye gaze, and facial expressioasmore reliable, aggregate measure of theory
(Hobson, 1989, 1991; Klin, Jones, Schultzof mind with a sample of children with autism
Volkmar, & Cohen, 2002a; Ruffman, 2000;for whom it was developmentally most appro-
Tager—Flusberg & Sullivan, 2000t is likely  priate; and the use of a multidimensional mea-
that these more direct aspects of mentalizingure of communication impairment based on a
are less dependent on higher order, domainange of observed behaviors that were empir-
general cognitive capacities than is the abilitycally established to discriminate between chil-
to reason about people’s beliefs, but there haken with and without autism and consistent
been no research investigating the relatiorwith standard diagnostic criteria for autism.
ship between executive functions and these Although the theory of mind and executive
other aspects of theory of mind. functions hypotheses have been conceptual-
ized largely as alternative accounts of autistic
symptomatology, we found that each of these
abilities explained unigue variance in autistic
Our main goal in this study was to examinesymptoms in the domain of communication.
the explanatory power of deficits in theory ofDeficits in theory of mind have often been
mind and executive functions with respect tdypothesized to underlie the core abnormali-
actual severity of symptoms in autism. Thigdies in autistic language use and communica-
individual differences approach to testing théion (Happé, 1994; Tager—Flusberg, 200nd
theory of mind and executive functions hy-the present findings provide empirical sup-
potheses produced an interesting and novel pgiert for that hypothesis. The knowledge and
tern of findings. Both theory of mind andbelief tasks comprising our theory of mind
planning abilities, as measured by the Towemeasure in essence tested participants’ aware-
task, were inversely related to ADOS communess of and ability to monitor the subjective
nication symptoms in school-age children witlcontents of their own and others’ minds. This
autism, and these relationships were estabype of ability would have an obvious bearing
lished independently of the substantial variaen the conversational discourse and narrative
tion in communication symptoms explainedskills that are characteristically impaired in au-
by differences in language development. Itism and that are specifically tapped by the
contrast, neither theory of mind ability nor anyADOS communication scale. Items from this
of our executive functions measures accountextale assessed children’s ability to report
for statistically significant variation in the se-events, to converse in socially appropriate and

Explaining symptom severity in autism
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comprehensible ways by offering new inforings add to the literature suggesting that recip-
mation unrelated to preoccupations and relgecal social interaction deficits in autism cannot
vant to the conversational context, and tde explained in terms of language-independent
respond contingently to the examiner’s comimpairments in theory of mind. Thus, as noted
ments by building on what had been said anth the introductory section, Fombonne et al.
providing needed information. Such discours€1994 found that the relationship between
skills would presuppose some awareness tiieory of mind and everyday social adapta-
oneself as a source of knowledge unknown tton, such as that reported by Frith and col-
the examiner, as well as an awareness of atehgued Frith et al., 1994, was mediated by
ability to gauge the examiner’s interest andanguage ability in individuals with autism.
need for information, all of which arguably Furthermore, Travis et al20021) found no re-
require a representational understanding dditionship between false belief understanding
other minds. and their measures of peer interaction and pro-
There has been little discussion in the litersocial behavior, which were similar to the
ature about the contribution of executive conbehaviors we rated on the ADOS social inter-
trol deficits to communication impairments inaction scale in the present study. Taken to-
autism, and thus far no studies have found gether, these findings suggest that social
direct relationship between executive dysfunanteraction deficits in autism are not directly
tion and communication symptoms. Our datattributable to an impaired ability to represent
suggest that individual components of execunental states.
tive control(e.g., working memory, inhibitory At the same time, there is considerable face
contro) do not have much explanatory powewalidity to the hypothesis that social impair-
for autism symptoms in children of the agements in autism may be related to difficulties
and ability level we studied, but more com-n interpreting mental states in other people.
plex, higher order executive abilities, such aglsewhere we have argued that theory of mind
those measured on the Tower task, do. Hoencompasses not only social-cognitive reason-
might the cognitive skills tapped by the Toweling, as tapped by false belief and other related
task contribute to effective communicativecognitive tasks, but also social-perceptual abil-
functioning? The Tower task requires the inities that involve more direct and implicit judg-
tegrated functioning of multiple cognitive ments of mental states based on information
operations, including complex reasoningavailable in faces, voices, and body gestures
planning, working memory, and inhibitory con-(Tager—Flusberg, 2001This view, which dis-
trol. Such skills would contribute to commu-tinguishes between the social-perceptual and
nicative competence by allowing a person tgocial-cognitive components of theory of
reflect and reason on-line in order to plaimind, may help to clarify the role of mental-
contributions to the ongoing discourse. Furizing deficits in autistic social impairmentsee
thermore, the integrated functioning of the exalso Klin et al., 2002a; Ruffman, 20D@&very-
ecutive skills tapped by the Tower task wouldlay reciprocal social interactions crucially
be important for maintaining and updating thelepend on rapid, real-time judgments of infor-
course of conversation while bringing in reledmation communicated through eye gaze, fa-
vant information from working memory andcial expressions, vocal intonation, and body
inhibiting responses that are out of turn or noinovements. These aspects of social informa-
on topic. tion processing are integral to establishing rap-
In contrast to our positive findings on theport with others and to evaluating responses
relationships between theory of mind and exto ongoing interactions. Such skills are not as-
ecutive functions to autism communicatiorsessed by classic social-cognitive theory of
symptoms, we did not find any statisticallymind tasks, as were used in this study, but
significant relationships to autism social or rehave been incorporated into new measures
petitive behavior symptoms, once the effectsuch as the eyes tagBaron—Cohen, Joliffe,
of language were controlled. Based on a diredflortimer & Robertson, 1997; Baron—Cohen,
measure of social symptom severity, these find¥heelwright, Hill, Raste, & Plumb, 2001the
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parallel voices taskKleinman, Marciano, & haviors Interview for assessing a wide range
Ault, 2001), and the social attribution taskof symptoms in this domain. It is likely that
(Klin, 2000). We suggest that the social-our ADOS repetitive behaviors measure pro-
perceptual abilities tapped by these tasks magded only a limited assessment of children’s
be linked to reciprocal social functioning insymptoms because it only included behaviors
autism. Lending support to this hypothesisthat were actually observed during the ADOS
Klin, Jones, Schultz, Volkmar, and Coherassessment. Furthermore, our data suggested
(2002h recently demonstrated that ADOS sothat this measure had relatively low reliability
cial symptoms in high-ability individuals with as indicated by the Chronbach’s alphas re-
autism were inversely related to the time theyported in Table 2. These differences may ex-
spent looking at other people’s faces in a naplain our failure to link repetitive behaviors
uralistic social situation. We should clarify thatsymptoms to executive dysfunction in the
we are not suggesting that social-perceptuptesent study.
skills are unrelated to communicative func- There are several important qualifications
tioning and the severity of communicationthat should be raised with regard to our data
symptoms in autism. To the contrary, we recanalyses and interpretations. First, although we
ognize that the ability to interpret nonverbahave examined executive functions and theory
information that is conveyed, for exampleof mind as predictors of severity of autism
through facial expressions, shifts of gaze, ansymptoms, our data are correlational and thus
body movements is doubtlessly a vital compodo not provide any definite empirical basis for
nent of effective communication between huascribing a direction of causation. This leaves
mans. What our findings suggest, however, ispen the possibility that there are reciprocal
that in the context of impaired social perceper even unidirectional causal effects of symp-
tion, higher level social-cognitive theory oftom severity on developments in executive
mind abilities, and the linguistic and execu{functions and theory of mind. Future longitu-
tive control abilities that support them, makedinal studies may be useful in elucidating the
an important contribution to the communica-<causal relationships between these variables.
tive competencies that are attained by some Second, our main finding was that theory
individuals with autism. of mind and executive functions accounted for
We also failed to establish a direct relationthe significant variance in communication but
ship between theory of mind or executive funchot in social interaction or repetitive behavior
tions and repetitive behaviors symptoms in ousymptoms when language ability was covar-
sample of children with autism. The null find-ied. However, it should be noted that our sam-
ings with respect to theory of mind confirm anple size of 31 children did not provide sufficient
earlier study(Turner, 1997 and suggest that statistical power to reliably detect moderate
links between theory of mind and this symp-or small correlations between the variables of
tom domain are mediated by language skillsnterest. Given this limitation, it is perhaps most
We did not replicate Turner's more positiveaccurate to conclude from our data that exec-
findings of specific links between different as-utive skills and theory of mind abilities are
pects of executive dysfunction and repetitivenore strongly associated with communicative
behaviors symptoms. One difference betweefunctioning than with reciprocal social func-
our studies was in the choice of executive fundioning or repetitive behaviors in autism, rather
tions measures. Turn¢t997) used the Intra- than to suggest that executive functions or
dimensional-Extradimensional set-shifting taskheory of mind abilities are simply unrelated
and a set of ideational and design fluency tasks the latter two symptom domains. This con-
for assessing the ability to generate novel reglusion was directly supported by our finding
sponses. In contrast, we used the Tower taskat the correlation between the theory of mind
and other measures of working memory andnd ADOS communication score was statisti-
inhibitory control. A second difference wascally stronger than that between the theory of
that, whereas we used the ADOS, Turner denind and ADOS social interaction or repeti-
veloped a more comprehensive Repetitive Baive behaviors scores.
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Third, one final issue concerns the relationSummary and Conclusions
ship between communication and social inter-
action symptoms in autism, especially giverOur findings indicate that there are limited
that we found a differential pattern of rela-relationships between representational men-
tions between our theory of mind and executal state understanding, executive functions,
tive functions variables and these two symptorand symptom severity in autism. Most of the
domains. Although confirmatory factor analy-significant correlations that we found among
ses were used to justify separate ADOS sulmur measures were accounted for by the me-
scale scores for communication and socialiating effects of language ability, underscor-
interaction symptoms corresponding to théng the significant role that language plays in
symptom domains defined I)SM-IV/ICD-10 the social and cognitive developmental out-
(Lord et al., 1999, it has been questionedcomes of children with autism. Our data con-
whether these two domains are truly indeperfirmed that a representational understanding
dent and separabl&ord, 1990; Tanguay, Rob- of mind and higher level executive functions
ertson, & Derrick, 1998 In fact, in the current are directly related to the severity of commu-
sample, there was a strong association baication symptoms in autism, but the data sug-
tween communication and social interactiongested that social interaction symptoms are
symptoms, even when NVMA and languageelatively independent of these skills. These
level were controlled. However, even if im-findings are consistent with a distinction be-
pairments in communication and reciprocal satween the higher level cognitive—linguistic as-
cial skills are largely overlapping, this doegects of theory of mind that are measured by
not preclude the possibility that theory of mindclassic false belief tasks and more fundamen-
and executive function abilities selectivelytal attentional and perceptual components of
scaffold functioning in the communication do-theory of mind that are largely independent
main of autistic symptomatology. Neverthe-of language ability and may provide more
less, an important direction for future researcHirect links to social interaction deficits in
investigating the neurocognitive underpinautism. Future research can address this hy-
nings of the autism phenotype will be to depothesis by exploring whether more direct
velop empirically derived and validated factoraneasures of the social-perceptual component
that can index its various components. Sucbf the theory of mind are directly related to
studies will require much larger samples thasymptom severity in autism, especially in so-

in the present study. cial reciprocity.
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