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This study examined the development of social dagnin children with and without
autism spectrum disorder (ASD), as well as thaigrice of behavioral and molecular genetics
on these higher-order cognitive abilities. Speaitly, it was hypothesized that children with
ASD would perform more poorly on all social cogmtitasks compared with typically
developing peers. In addition, it was hypothesithed typically developing children who
performed better on a simpler social cognitive taskges 3 or 4 would perform better at follow-
up (i.e., one time between the ages of 6-10). Iy aswas hypothesized that children who had at
least one risk allele in both the DRD4 and the 5FHFR polymorphisms would perform worse
than those who had at least one risk allele ireejtolymorphism, who, in turn, would perform
worse than children without any risk alleles. The sample included 62 families of multiples
(twins, triplets, or quadruplets) who were recrditerough the Southern lIllinois Twins and
Siblings Study (SITSS), and the ASD sample inclu2ledhildren who were recruited from the
Center for Autism Spectrum Disorders at SIU. Sigant group differences were found for
children’s performance on all of the social cogr@ttasks. Furthermore, results showed that
some areas of social cognition (theory of mind #redunderstanding of non-literal language) are
more influenced by genetic factors than are otbgnitive skills. Lastly, results from the
molecular genetic analyses suggest that basiclsmgaitive skills (e.g., theory of mind) may be

influenced by underlying biological factors in therotonergic and dopaminergic pathways. The



present study provided useful information on howcpslogical and genetic factors influence

the development of social cognitive abilities inldren with and without ASD.



ACKNOWLEDGEMENTS

| would like to thank the many people who helpeovide support and thoughtful
feedback to make this project possible. First, Ulddike to extend gratitude to my dissertation
chair, Liz DiLalla, without whom this project wouttt have been possible. She helped me
merge my research and clinical interests to creg®ject that was both meaningful and
enjoyable. Liz is an incredibly bright, caring, aswpportive mentor who stands behind her
students every step of the way. She has a way kihgnaesearch fun, and | am a better
researcher for having had the opportunity to léeom her while completing my dissertation.
Second, | would like to thank my committee for gdiwg valuable and insightful feedback at
my proposal and defense meetings. My project irerd@estible for a wider-reaching audience
because of their insights and feedback. Thirdoule like to thank The Autism Program (TAP)
of lllinois and the Sigma Xi Foundation for theindncial support through two separate
dissertation awards, as well as the support frgraat awarded to Dr. DiLalla by SIU’s School
of Medicine to compensate the twin sample. Wittitbathelp of these funding bodies, | would
not have been able to accomplish a project witlarge of a scope as this one. Fourth, none of
this would have been possible without the suppiotti@ families with multiples and children
with ASD who participated in this project. | wasntinually amazed by the altruism that these
families demonstrated, including traveling longtaiees, rearranging schedules, and managing
difficult behaviors, to support this project. Lastit certainly not least, | would like to extend a
enormous amount of gratitude to my supportive hadpRatrick, who spent countless weekends
entertaining our busy toddler, Zurielle, so thabulld have time to complete this project. Only

another graduate student truly understands the nigsraf a research project such as this one.



TABLE OF CONTENTS

CHAPTER _PAGE
RS [ o0 O RPN [
ACKNOWLEDGMENTS ..ottt e e ettt s e e e e eeta e e e e e aeeeeesan e eaaeeenes ii
LIST OF TABLES ... .ottt e ettt e e e e e et e eea e e e e e e e eba e e e e e eennaneeas Vil
LIST OF FIGURES ... e ee e e rr e s e e e e e e e e e ennnaas Vil
CHAPTERS
CHAPTER 1 — INtrOTUCTION. ......uuiiiiiiiiiieieeeeeeiiee ettt e e e e e e e e e e 1
CHAPTER 2 —Literature REVIEW ...........ooiiceeeeiiiieeeeeee e e e e e 4
CHAPTER 3 — MethOd ... ..ot e ettt een e e n e e e e e e e e e e 42
CHAPTER 4 — RESUIES....cttiiiiiiiiiiiiie ettt 59
CHAPTER 5 — DISCUSSION .....ciiiiiiiiiie ettt s s e s e esnnnn e e e e e 70
REFERENGCES ...ttt e ettt e e e e e e e e e et e e e e ennna e e e 102
APPENDICES
Appendix A — Demographic Questionnaire (SITSS) i 122
Appendix B —Theory of Mind Protocol (Age 3 and 4sTBg) ............ccceevvevveeeeeiiiiiicees 124
Appendix C — Theory of Mind Protocol (Current StUdy.........ccceevveeiieeeiiieieeeeeeenn 125
RV I 1 PP UPPPTRTPPPPTTRPPTN 128



LIST OF TABLES

TABLE PAGE
Table 1 Sample Demographic INfOrmMation.....cce.ciiiiii e 87
Table 2 Means and SDs for Parent-Reported Problen@Bors..............ccccoeeeevieeeiiiiiiviceeeens 88
Table 3 Correlations Controlling for Age (Presch&dbchool-Age ToM) ........ccoevviiiiiiinnnnnnn 89
Table 4 Correlations between Age and PerformancBodh Tasks ...........ccooovviiiiiiiiiiiiins s 90
Table 5 Chi-square Analyses for Group x ToM Perfamge (Males) .........ccceeeevviivvvvevenninns 91
Table 6 Group Differences on Receptive LanguagearGiiing for Age ........cooevvvvvviciiiinnne. 93
Table 7 Hierarchical Regression Analysis Predicliotal TOM SCOre ..........cceeeiiiieeeeeeees e 94
Table 8 MANOVA Results for Groups Differences on@BSubscales ..........ccccoeeeevvviiiiinneenen,
Table 9 Correlations Between ToM Performance & RimbBehaviors ..............ccccceeeeeeee 96..
Table 10 Falconer’s Estimates of Heritability faM Scores...........ccccevvvivivviiiiiiiiceeeee e, 97
Table 11 Frequency of Genotypes by DiagnostiC GLQUP..........cuvvveeiiiiiiieieeeeeeeeeeeeeeeeeeee, 98
Table 12 Chi-square Analyses of 5-HTTLPR Risk Ak TOM.........coooiiiiiiiiiiiiiii e 99
Table 13 Chi-square Analyses of DRD4 Risk AllelEBOM ............c.ceiveeiiiiiiiiieieceeiiiceeeee. 100
Table 14 Chi-square Analyses of Trichotomous RiB&I&s by TOM........ccccoeeeeiiiiiiiinnnnne. 101
Table 15 ANOVA Results for Genotype on TOM Perfonti............ccoovvvvveveiiiniiniieeeees o 102

Vi



LIST OF FIGURES
FIGURE

Figure 1 Profile Analysis of Group DifferencesTliask Performance

viii



CHAPTER 1
INTRODUCTION

Social cognition involves a complex interplay dffelient abilities, drawing from social,
cognitive, emotional, and behavioral domains. Usi@ading social cues, being able to take
another's perspective, interpreting others' ematidrsplays, learning from prior social
interactions, and applying that learning to futumeractions are the necessary steps to a
successful social exchange (Baron-Cohen, 2000k @riDodge, 1994; Lemerise & Arsenio,
2000). Theory of mind (ToM) tasks, which measine dbility to infer others’ mental states, are
commonly used to study social cognition in childf@fellman, Cross, & Watson, 2001).
Recently, Peterson, Wellman, and Slaughter (20a@jated the addition of a new step to the
well-established preschool ToM Scale created byiMéet and Liu (2004). This new step
extends developmental milestones to include anmstateling of nonliteral language such as
sarcasm in slightly older children (i.e., schoog&pgLimited research using this newly validated
ToM Scale exists; therefore, this study added ¢ditkrature in this area. In addition, the Social
Responsiveness Scalé? Edition (SRS-2; Constantino & Gruber, 2012), a lyewleased
edition that includes a social cognition treatnmutiscale, was used in this study. The study
used both a longitudinal and a cross-sectionabdesmnd included typically developing twins, as
well as children diagnosed with autism spectrurordier (ASD).

The first goal of this study was to better underdtthe development of social cognition
in typically developing children. This was doneusing data previously collected from twin
pairs who participated in the Southern lIllinois iwiand Siblings Study (SITSS; DilLalla,
2002a). To assess longitudinal progression iratiggiisition of ToM skills, 6- to 10-year-old

twins were administered five ToM measures in tHie¥oup portion of this study. Data



collected from the ToM tasks at ages three andvi@s used to predict current performance on
the ToM tasks in this study.

The second goal of this study was to compare thialscognitive abilities of typically
developing twins to those of children with autispestrum disorder (ASD), who historically
have performed poorly on measures of ToM (Baroneboheslie, & Frith, 1985). Therefore,
children between the ages of 6 and 10 who have thegnosed with ASD were administered
the same five measures of ToM as the ones adnmedste the twins. Given that group
differences emerged when comparing the performahchildren with ASD to typically
developing children, this provides further supgortthe idea that children with ASD have
impairments in social cognitive abilities.

The third goal of this study attempted to shedtlmithe relation between genetic
influence and the development of social behaviorgung children with and without social
impairment. Several recent studies have showrsti@aal cognition may be related to genetic
variations in the dopamine and/or serotonin syst@raskner, Bowman, & Sabbagh, 2010;
Lackner, Sabbagh, Hallinan, Liu, & Holden, 2012uS& & Gallagher, 2011). Thus, the
neurotransmitters dopamine and serotonin wereteeléar this study because of their
implication in the development of social cognitafalities (Rogers, 2011; Skuse & Gallagher,
2011). More specifically, the rewards associatét experiencing social interactions are related
to the dopamine system, whereas the emotional exmer of social interaction is associated
with serotonin. Therefore, this study examined limpaminergic and serotonergic risk alleles
(i.e., DRD4 and 5-HTTLPR, respectively) were redatie social behaviors such as ToM.

Overall, this study aimed to advance knowledgéefgsychological and genetic

contributions to the development of social cogmitilow both typically and atypically developing



samples of children. Research such as this isegetedbetter understand the complexities of
social interactions and the ability to take anofhenson’s perspective, especially when someone
else's beliefs are different from one's own. Bhigly has potential to be useful clinically in
terms of better understanding a potential souraifbfulty that school-aged children may be
having in peer relationships (i.e., inability t&ésanother’s perspective). Lastly, the inclusibn o
a clinical comparison group allowed for the invgation of group differences in ToM task
performance, which could inform development of abcognitive curricula used in school- and

community-based interventions.



CHAPTER 2

LITERATURE REVIEW
Social Cognition

The development of social cognition in children basn a rapidly expanding area of
interest over the past few decades. The undeis@oiithis higher-order ability warrants
attention given the fact that humans spend a sogmf amount of time in social relationships
with others (Astington, 1993). Despite the popityawf the topic, researchers disagree on
fundamental aspects of its definition such as whenability emerges in children. A growing
body of literature supports the idea that childassryoung as infants have the ability to navigate
social situations by using social cues (Rakocz{22¥ ott & Poulin-Dubois, 2012). For
example, an infant who is startled by a barking flwghe first time may look to her parent to
see if the dog is “safe” by referencing her parefdtial expression (e.g., a smile or a fearful
face). Assessing social cognitive abilities ididiflit in young children given their limited verbal
abilities. Much of the previous research in thisaahas focused on precursors, or building
blocks, of social cognition in younger children,igthinclude engaging in joint attention,
understanding the “intentionality” of actions, rgo@ing that others have different perspectives,
and using imagination in play (Baron-Cohen, 199illdv] 2006).

Social cognition goes beyond perspective takingudwer, because it is a heterogeneous
term that encompasses literature from social pdgglyqe.g., schemas, attributions, stereotypes)
and cognitive psychology (e.g., reasoning, attentiemory; Fiske & Taylor, 1991).

Perspective taking, on the other hand, is defirsed @onstruct that can be assessed only by
behavioral means, but it does not account for éméributions from cognitive and emotional
states. Furthermore, social cognition can be ddfas the ability to understand others’ attitudes,

beliefs, values, desires, and social knowledgeiig&in, 1993). It also can refer to aspects of



higher cognitive functioning that allow for the wrdtanding of “one’s own and others’ minds”
(Baron-Cohen, 2000). Although most children depdlme skills needed for navigating the
social world as they progress through childhood ahalescence, some children and adolescents
have more difficulty than others. For example|dren and adolescents with externalizing
disorders such as conduct disorder, especiallyetiviihr comorbid aggressive features, are often
impaired in social cognitive abilitietgchman & Dodge, 1994). These children are betidee
have difficulty processing social information whaeteracting with others. In addition, children
with autism spectrum disorder (ASD) are also imgxhin social cognitive functioning. In fact,
Baron-Cohen (2000) argued that all individuals WvABD have deficits in social cognition,
suggesting that it may be a hallmark charactergdtibe disorder. Individuals who have
difficulty navigating social situations such asldren with conduct disorder or ASD have a wide
variety of social impairments, ranging from mildsevere. It is believed that these individuals
are impaired in their ability to follow the necelgsateps to reach the appropriate behavioral
outcome when processing social cues or other sméaamation.
Social Information Processing Theory

Social Information Processing Theory (Crick & Dod#894) is a well-known model that
was modified from an original model by Dodge (198®@his theory states that people enter into
social relationships with prior knowledge of how@vigate new social situations based on their
previous experiences. According to Crick and Doggeple typically rely on past memories,
schemas, and social scripts in order to dictatie thieire behavior. Furthermore, individuals
placed in novel social situations are believedroxess social information in a systematic way
through a series of processing steps. These miogesteps include: Bncoding of external and

internal cues; 2) interpretation of those cuesed¢ction of goals; 4) mental access to possible



behavioral responses; 5) selection of a partia@sponse; and 6) behavioral enactment of
selected response. Crick and Dodge suggesteddbial information processing through the use
of these six steps is not linear. Furthermorey thedieve each step can interact with the others,
and the social information processing is subje¢eéalback at any step along the way.

During a novel social interaction, a child is presiag the first two steps: encoding and
interpreting cues. The memory of past experierggsry important to these initial steps
because a child often remembers previous socetaations that may not have gone well. A
child’s own internal cues that he is the targdbualfying yet again will send feedback to his
social processing system. For example, a child whiequently teased by other peers is likely
to view a more neutral situation as negative arslileorather than accidental. This attribution
will have a direct effect on the third step, or gemeration of possible goals. Given that the
child may be feeling defensive from being bulliag first choice for a goal may be to get back
at the other child who teased him. The fourth stegponse access, describes an individual’s
ability to think back through their responses toikr past experiences for ways to deal with the
current situation. If a child is most likely tataéate in an aggressive manner when provoked,
then aggressive options are most likely to conmaital in the new social situation. During the
fifth step, response decision, a child selectdbisiesponse of choice from among the possible
options. Crick and Dodge noted that conceptsedlad social psychology such as self-efficacy,
expectations, and morals are taken into consiaerati this stage. For example, if a child is
more confident that a particular solution is gaiogvork, then she might be more likely to
choose that option in this step. In addition, gdcis more likely to select an option not only if
he believes it is going to solve the problem, s & the solution aligns with his moral views

(e.g., believing it is okay to steal from anothergon). Lastly, the sixth step, behavioral



enactment, is the act of going through with theceld choice from the previous step. Crick and
Dodge emphasize in the social information processindel that multiple factors are taken into
account when choosing the final decision.

More recently, Lemerise and Arsenio (2000) havireed some additions to the theory
initially proposed by Crick and Dodge (1994). Trhest notable contribution was the addition of
emotional processing as a factor in each of thesstetlined by Crick and Dodge. Lemerise and
Arsenio argued that each person brings a uniquéienab response style, arousal level, and
mood to social interactions. When interacting vathers in a social manner, both individuals’
emotional states were important factors in deteimgithe eventual quality of the interaction. If
one person was overly emotional, this behavior Ma$y to influence the goal selected and
subsequent actions of the other.

In summary, individuals who have difficulty navigpey social interactions with others,
such as those who diagnosed with conduct disomautesm spectrum disorder (ASD), are
believed to have social information processingaitsti Crick and Dodge (1994) outlined six
steps necessary for processing social cues (ies, taken from others and one's own internal
experiences) that lead to an actual or predictadhavior. Lemerise and Arsenio (2000)
modified Crick and Dodge’s model by adding an eovai component to each step outlined in
the Social Information Processing Theory. Botls efétresearchers describe the interaction of
the steps within the models and the importanceediback at each stage. Thus, successful
social interactions require the integration of abaognitive, emotional, and behavioral aspects,
learning from prior social experiences, and thditgtib take another's perspective, also known

as Theory of Mind, which will be discussed next.



Theory of mind (ToM)

Social cognition is a broad construct that is casgat of social and cognitive
components. The development of theory of mind (T a@van example of one such social-
cognitive skill necessary for attaining social catgnce. Having a true understanding of ToM
implies that an individual recognizes that one raver fully understand another’'s mind;
however, one can assume that others also thinkeasn because they themselves are able to
do the same. Wellman and Liu (2004) used the terental subjectivity” to describe the ability
to understand another’s mental state as a respomdgective events or observable behaviors.
Furthermore, ToM is defined as the ability to ursti@nd how human behavior is dictated by
mental states of actual and false beliefs, thentites of self and others, memory of past
experiences, and desire to perform specific belamMiesponses (Peterson et al., 2012). This
social knowledge allows individuals to explain gddict the behavior of those with whom they
are interacting (Wellman & Estes, 1986).

Given that children, especially pre-verbal infawks,not have the capacity to understand
another’s perspective at an adult-like level, resdefas focused on the developmental changes
of ToM in young children. Many researchers havashthat the preschool years between three
and five years of age are when most children rgmdlelop the ability to complete ToM tasks
(de Villiers & Pyers, 2002; Flavell, Everett, Craft Flavell, 1981; Wellman et al., 2001;
Youngblade & Dunn, 1995). Some researchers hayeedrthat children as young as two years
old may be able to begin to understand what otlvarg, see, and feel, albeit at a simple level
(Bartsch & Wellman, 1995; Wellman, Phillips, & Raglrez, 2000). By the age of three, young
children are able to tell the difference betweemtdthers are thinking and what others are

doing and from that age on can distinguish betwagectivity and subjectivity (Flavell, Flavell,



Green, & Moses, 1990; Watson, Gelman, & Wellmard8®Wellman & Estes, 1986). One
study by Flavell, Green, and Flavell (1995) showeat children who are between three and five
years of age begin to differentiate between thigKire., mental states) and doing (i.e.,
behavior). Children begin to comprehend that bgenstanding another’'s mental state, it is
easier to justify why someone chooses to act iertam way (Wellman & Lagattuta, 2000).

The focus of most research on the development bf ihochildren between the ages of
three and five has concerned false beliefs. Hmsef tasks are designed such that a child is
asked to explain or predict a situation from anoghgerspective regarding a belief that does not
match reality. For example, a child is shown ataimer and asked what is inside without having
seen the contents. When shown that the contentstdmatch the container in which the items
were kept, the child is then asked what anothesqrewho has not seen the inside would say is
in the container. Perner and Wimmer (1985) ouditveo different types of false belief
attributions: first-order and second-order. Fosder belief attributions involve Person A
making a judgment about Person B’s belief relateant event that occurred or an object that was
shown to Person A but not to Person B. For exanifgRerson A is asked what is behind a
cupboard door without having seen inside, Perstikety will give a practical response such as
“dishes.” Person A is shown a shoe in the cupb@ard an unexpected response), and then
asked what his friend might say is in the cupboaka:hild who understands first-order beliefs
would say that Person B thinks there are dishésartupboard when Person A now knows that
there is a shoe in the cupboard. A second-ordaflagtribution involves attributing a belief to
one person about another person’s beliefs. An plaof this is a child saying, “Jimmy thinks
that Mary thinks that...” This more advanced secordkpattribution ability is believed to be

present by the age of seven in typically develogim¢dren (Perner & Wimmer, 1985). Many
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children who are three years of age fail falsedbetisks; however, by four to five years of age,
most typically developing children are able to platse belief tasks (Flavell, Everett, Croft, &
Flavell, 1981; Wellman et al., 2001).
Implicit/indirect versus explicit/direct tasks

Research on ToM tasks can be divided into two caies implicit/indirect tasks and
explicit/direct tasks (Apperly & Butterfill, 200&;,0w & Perner, 2012). Studies differentiating
between indirect and direct tasks attempt to ansineequestion of whether a young child under
the age of three is unable to complete ToM taskstdulevelopmental constraints or if the
method used to measure ToM is hindering their i answer correctly. As a way to
eliminate the language demands of ToM tasks, skstrdies using infants have used
implicit/indirect tasks such as an anticipatorydimg task to measure the development of ToM.
During one type of anticipatory looking task fitsted by Clements and Perner (1994), infants
were trained to watch a hand move in a predictphtiern to grab one of two objects on opposite
sides of a small platform. After the infants whsdbituated to this behavior, the two objects
were switched and the hand either reached forahme bject in the opposite location or a new
object in the old location. The infants tendedbiak longer at the new object along the same
path as before than at the new path with the ojelobln its new location. This suggests that
infants are surprised about the new event thatroedubut this does not necessarily support the
fact that infants understand others’ mental staEsdence for an earlier understanding of ToM
has been show in infants as young as 18 monthdNeldmann, Thoermer, & Sodian, 2008) and
25 months old (Southgate, Senju, & Csibra, 200@Wédver, Sodian (2011) argued that these
studies may not be measuring the same cognitiviyads the ToM tasks administered to verbal

children through the use of explicit/direct tasksiplicit/indirect tasks have the benefit of being
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a more efficient and developmentally appropriatg wameasure ToM in infants compared with
explicit/direct tasks; however, the former are lesgnitively demanding and more inflexible
(Apperly & Butterfill, 2009).

The second type of task, explicit/direct tasksnae cognitively demanding but more
flexible. False belief tasks are direct measuféoi because they elicit verbal responses from
the child who is performing the task. Rather thmaplying the belief indirectly through a
nonverbal anticipatory looking task with infantgpécit/direct tasks can be answered directly
using open-ended questions. An example of this tfask is the cupboard example that was
previously described. Explicit/direct tasks were type of task used in this study because the
children with and without autism spectrum disoridad the language ability necessary to
respond verbally to ToM items.

Recent research by Wellman & Liu (2004) has suggethat ToM may not be an
isolated skill, but rather children may progresetigh a series of skills related to ToM. Support
for this progression comes from a preliminary masatysis by Wellman and Liu (2004) and
prior work by other researchers (Astington, 2004ayell & Miller, 1998; Repacholi & Gopnik,
1997; Wellman & Woolley, 1990). Results from thetaaanalysis showed that children are able
to accurately judge another person's desires\{iteether people want a particular object or not)
prior to being able to accurately judge anothespe's beliefs (i.e., people’s subjective thoughts
about an objective event). Furthermore, Wellmahi&(2004) reported that children were able
to successfully perform belief tasks that do ngblae deception before being able to pass false
belief tasks. Interestingly, children are everedblindicate that someone else might not know
what is in a container before reporting that anogfeeson falsely believes a particular object is

in the container. Although the authors indicateat the meta-analysis results were preliminary,
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there was significant evidence to support the cléiat ToM develops in a progressive manner,
which is consistent with social cognitive theorya(@lura, 1989). Follow-up studies from the
same researchers have also supported this pragngg®terson et al., 2012; Wellman, Fang, &
Peterson, 2011).
Developmental progression of theory of mind

The second part of the study by Wellman & Liu (20t&&ted the differences in abilities
based on the results from the preliminary metayamabnd results from previous studies
suggesting that the skills may develop in a lifaahion. The results of the second part of the
study provided psychometric support for a 5-steplehof progressive ToM skills. Performance
on ToM tasks in a sample of 75 children betweeedland five years of age were analyzed using
a Guttman (1944, 1950) scale, which is a measun@wfactual item responses fit an ideal
pattern. The results revealed that 80% of children, 60 out of 75) had a similar progression of
skill acquisition. More specifically, children weeable to pass the following tasks in sequential
order: diverse desire (understanding that peopgbeess differing desires for the same object),
diverse belief (understanding that people havedfit beliefs about the same objective event),
knowledge access (understanding that someone mawyaveare of a certain fact), contents false
belief (understanding that, despite a certain satieone might believe something differently),
and lastly real-apparent emotion (understandinggtimeone can show a different emotion than
the one they are feeling). One drawback to thdr@an scaling is that if two items are similar,
one item is excluded because it is believed teepessenting a similar, or redundant, construct.
The Guttman scale in the Wellman & Liu (2004) stasgluded two items: explicit false belief
and belief-emotion. Although these items were @et from the Guttman scale, that does not

necessarily mean they are not important in theldpweent of ToM abilities. Therefore, these
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tasks were included in the present study, espgdarallght of the importance of emotion in
social information processing as previously disedgtemerise & Arsenio, 2000). Given that
all children over the age of four are presumedet@ble to pass the diverse desire and diverse
belief tasks, those were not administered as paniostudy.

In addition to the four remaining tasks (i.e., @onts false belief, explicit false belief,
belief emotion, and real-apparent emotion) outlibgdVellman & Liu (2004), an additional task
was added to tap the understanding of non-litarajliage (i.e., irony, sarcasm) in this study
given that the children in this study were 6- teyB@r-olds. Peterson et al. (2012) argued for the
addition of a more advanced ToM task for school-@gklren given that most children will have
successfully mastered the understanding of falBefli@sks by the age of five. In the study by
Peterson et al. (2012), 184 children aged 3-12, wér@ typically developing, deaf, or had
autism or Asperger syndrome, completed Wellman &4.{2004) 5-step ToM tasks with the
addition of a new step tapping sarcasm. The regudicated that children with autism or
Asperger syndrome were not only delayed in theiitglbo acquire ToM, but their pattern of
abilities was different than the other groups. #®lspecifically, these children were more likely
to pass the hidden emotion (i.e., real-apparentiemaask before the false belief task. This
suggests that children with autism may not onlylelayed in developing social cognitive skills
in general, but they also may exhibit an atypicdtgrn of acquiring the ability to understand
others’ mental states compared to typically deviepghildren. In contrast, the typically
developing children progressed on schedule throligltems in the predicted pattern previously
outlined. Moreover, the deaf children were delalyettheir abilities, but they had the same
pattern as the typically developing children. Tharsldren with autism and children who were

deaf had delays compared with typically develomhiidren on the new scale even after
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controlling for age and language ability. Peterand colleagues showed that the additional
ToM step (i.e., understanding non-literal langusgeh as sarcasm) was a reliable and valid
addition to the previous ToM Scale outlined by Welh & Liu (2004). The authors added that
the inclusion of this step allows for an increaséhie age range of children in future studies of
the developmental progression of social cognitivétees.

In conclusion, a substantial amount of researd¢hemast has focused on the ability of
children to successfully complete explicit/directM tasks such as false belief tasks. However,
a recent review by Wellman (2002) argues that TeMomprised of several different sequential
components that build on and interact with one la@rot A 5-step ToM Scale was developed by
Wellman & Liu (2004) and was recently extended Ogliag a sixth step, which assesses the
ability to understand non-literal language (Petersbal., 2012). Typically developing and deaf
children appear to follow a predictable patterrthveéach successive step building on the
previous one. Children with ASD are not only delyn their ability to perform these tasks,
they also complete the tasks in a somewhat difteveter (i.e., understanding hidden emotion
tasks before false belief tasks). Thus, studietheratypical development of ToM abilities
should include children with autism spectrum digord

Autism Spectrum Disorder (ASD)

Autism spectrum disorder (ASD) is a severe, pexgsand complex
neurodevelopmental disorder characterized by impaits in social-emotional functioning and
communication abilities and the presence of rastlicrepetitive, or stereotyped interests and
behaviors (APA, 2000). Common social impairmentdude a lack of reciprocal social
interaction, poor eye contact, and difficulty enigagn joint attention. Communication deficits

can include failure to develop verbal communicatisse of echolalia (i.e., repeating others’
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speech or lines from television shows or moviesjbal rituals (i.e., requiring others to say
phrases in certain ways), and difficulty initiatiogmaintaining conversations with others.

A modification to the current diagnostic critemmathe Diagnostic and Statistical Manual
of Mental Disorders, B Edition (DSM-5; APA, 2013) included lumping thecsad and
communication symptoms into one domain. Impairmench as difficulty understanding non-
verbal communication (e.g., reading facial exp@ssi understanding the prosody of speech)
and difficulty engaging in reciprocal social intetians may be better described as difficulties in
social-communication abilities rather than fittingatly into one category or the other. In
addition to social-communication deficits, manyldten with ASD exhibit a restricted,
repetitive, or stereotyped pattern of behaviomterests. For some children, a restricted interest
may manifest in an intense preoccupation with paldr objects (e.g., trains, wheels on a toy
car) or topic (e.g., knowledge of dinosaurs, transgtion schedules, makes and models of cars).
Other common restricted behaviors include a riggistence on sameness in daily routine (e.g.,
requiring a parent to drive a certain way to scloydb the grocery store) or in the organization
of household items (e.qg., lining up toys, insistihgt canned food labels all face in the same
direction). Children who engage in repetitive babes (e.g., opening and closing a door) often
become upset when told to stop performing the rgeaction. Commonly reported
stereotyped behaviors include spinning, rockindyamnd flapping.

As previously noted in DSM-IV (APA, 2000), childrenth Autistic Disorder were
considered to be more impaired (e.g., exhibitingted language functioning or being
nonverbal) than children with Pervasive DeveloprakeDisorder, Not Otherwise Specified
(PDD-NOS) or Asperger syndrome. At present, tlagulostic criterion no longer distinguishes

between children who did or did not have delayadlmge acquisition (previously a
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requirement to meet the diagnostic criteria for ésgier syndrome). These children tended to be
known as “higher functioning” and typically attemldiéne regular education classroom, whereas
children with Autistic Disorder were commonly pldde special education. Children with
PDD-NOS were typically in mainstream classroomgetheling on their level of functioning, but
some may have been in special education for pdheoflay, such as for academic subjects, and
with typically developing peers for special subge@.g., physical education, art, music).
Presently, the “spectrum” modifier in the new diagiiic category “Autism Spectrum Disorder”
allows for the inclusion of children with a rangeatilities across the areas of social-
communication and restricted and repetitive belravi€urrently, individuals meeting criteria
for ASD must show impairments in social-communmatabilities, as well as the presence of
restricted and repetitive behaviors. If a chileéslmot present with restricted and repetitive
behaviors but does exhibit age-inappropriate legklocial-communication abilities, the child
meets criteria for Social Communication Disordenesv disorder included in DSM-5.

Gold standard diagnostic practices recommend tlzayoung child fails a screening test,
a trained professional (e.g., a psychologist) sthadminister a battery of follow-up tests, which
includes the Autism Diagnostic Interview-Revised(AR; Lord, Rutter, & Le Couteur, 1994)
and the Autism Diagnostic Observation Schedule (8D0ord, Rutter, Goode, Heemsbergen,
Jordan, Mawhood, & Schopler, 1989). Recent rebdaas shown that children with ASD can
be reliably differentiated from children without BSand from children with mental retardation
at 12 months of age (Osterling, Dawson, & Muns@®2). This suggests that early
identification is possible, which is important fearents and healthcare professionals to know,
especially in light of the fact that early intersivehavioral intervention often is effective at

improving several areas of functioning such asadaptive behavior, personality, and school
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placement (i.e., advancing from special educatainé regular education classroom; Eldevik,
Hastings, Hughes, Jahr, Eikeseth, & Cross, 2009jact, timing is so important, that the earlier
that children begin receiving intensive servichs, ltetter off they are at follow-up in terms of
outcomes across a range of domains (i.e., cogngon@al, and adaptive functioning), with some
potentially becoming indistinguishable from peeyaiddle school (Helt et al., 2008).

Autism prevalence rates. Current estimates of autism prevalence are dsdsgne in
every 88 children, according to a recent reportheyCenter for Disease Control and Prevention
(CDC, 2012). A prior report in 2009 by the CDCimstted that 1 in 110 children between the
ages of three and 10 met criteria for ASD. Therempdicated that there has been a 78%
increase over the past five years and a 10-folckase over the past decade. There is significant
debate over the reasons for the increase in pres@l@te in recent years. One of the commonly
agreed up reasons for the increase is the dirsattref broadening the diagnostic criteria to
include a "spectrum” of social behaviors, commuiceabilities, and restricted or repetitive
interests/behaviors. By expanding the diagnosisdioide children with impairments of a lesser
severity than children with Autistic Disorder, mampre children began receiving diagnoses of
PDD-NOS and Asperger syndrome. In addition, sengemeasures and diagnostic practices
were improving such that children who were beings8ad” in the past were no longer being
overlooked when given the gold standard diagnassitbattery including the ADI-R and ADOS,
as well as a cognitive ability measure to estinratglectual functioning.

An additional reason for the increase came to ligldwing a study done in California
by researchers at Columbia University that showet ¢hildren previously meeting criteria for
intellectual disability (i.e., mental retardatian)the past were increasingly being more

accurately diagnosed with ASD (King & Bearman, 2008Bhis change alone was estimated to
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account for 26% of the increased number of cas@®ther factor includes the increased
awareness of the disorder among parents, healtpoafiessionals, and educators. Better
dissemination of knowledge of the characteristicthe disorder, typically among parents, was
estimated to increase the number of diagnoses Wy(L&, King, & Bearman, 2010).

Another 11% of the reported increase in ASD prawadewas attributed to social factors
such as advanced parental age, specifically thitteomother. This finding is not unusual given
that other studies have shown that advanced paaaggas associated with other developmental
disorders such as mental retardation. Grethergfsmh, Croen, Smith, and Windham (2009)
reported that a 10-year increase in the age ahnibtber, especially for woman over the age of
40, dramatically increased their risk of havinghddtwith ASD by 38% (Liu, Zerubavel, &
Bearman, 2010). The mechanism behind the incieasg¢es of ASD in older parents is
currently unknown, but it is the focus of sevetaldses in progress such as the Early Autism
Risk Longitudinal Investigation, which is funded tye National Institutes of Health and Autism
Speaks.

In terms of etiology, autism spectrum disorderafdved to be the most highly heritable
neurodevelopmental disorder in children (APA, 2000hestrong genetic influence in ASD has
been documented in many twin and family studies [ga@stein & Rosen-Sheidley, 2001, for
review). Heritability estimates as high as 60—70% have lbeparted in the literature (Veenstra-
VanDer-Weele et al., 2004 Furthermore, Hallmayer and colleagues (20119ntegd results
from a study of 192 twin pairs (54 monozygotic [M4} identical, twins and 138 dizygotic
[DZ], or fraternal, twins) of which at least oneitvwas diagnosed with ASD. Concordance
rates for MZ twins ranged from 50% to 71% for mathel female twin pairs, respectively,

whereas concordance rates for DZ twins ranged 8b% to 36% for male-male and female-
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female twin pairs, respectivelAnother twin study byRosenberg et al. (2008)so reported
higher concordance rates for MZ twins (88%) veiBdgwins (31%) across the autism spectrum.
This study included 277 twin pairs (67 MZ twins &t DZ twins) with at least one twin with
autism spectrum disorder. Rosenberg and colleg@0€9) investigated not only the
concordance rates of MZ and DZ twins, but alsocthrecordance rates when taking comorbid
conditions into consideration. More specificalDZ twins were significantly more discordant
on overall loss of skills, and there was a trendai@ DZ twins being more discordant on
intellectual disability (i.e., by parent reportlmy documented 1Q), timing of achieving
developmental milestones, and early loss of se&ids compared with MZ twins.

Although ASD is believed to be highly heritableyganmental influences cannot be
ruled out. Not surprisingly, environmental factbesse been the subject of several recent studies
of children with autism spectrum disorder (Hallmageal., 2011). A recembeta-analysis of 40
studies byGardener, Spiegelman, and Buka (2011) reportectthialren were at higher risk for
ASD if there were perinatal or birth complicatiqesg., low birth weight, multiple births,
maternal infection during pregnancy). The autludrithe meta-analysis concluded that there was
not enough information to indicate that one risktda alone is responsible for an increased risk
of developing ASD. Rather, it is likely the intet@n of multiple perinatal factors that may be
responsible for the elevated risk.

In summary, children with ASD are impaired in sbaiad communication abilities and
are characterized by restricted, repetitive, aestiyped patterns of behavior and interests (APA,
2013). Prevalence estimates for this neurodevedopah disorder have been reported to be as
high as 1:88 children, according to the most reoemort by the CDC (2012). Several factors

have been identified as contributing factors (engreased parent and clinician awareness,



20

broadening of the definition, advanced parenta),dn# these factors alone do not explain the
600% increase in rates over the past decade. A&highly heritable disorder, as shown by the
high concordance rates between monozygotic (MZ)sgweersus dizygotic (DZ) twins.
However, genetics alone do not account for the haggss of the disorder, suggesting that
environmental influences also are likely at pl@dyrecent meta-analysis of perinatal factors
suggested that birth complications might be counthilg to the increased rates of the disorder;
however, no single factor was isolated as beinficseriit for the disorder (Gardener et al., 2011).
The Relation Between Autism Spectrum Disorder and fieory of Mind

Impairments in individuals with autism spectruraatder (ASD) go beyond social
difficulties (e.g., difficulty starting or maintaimg a conversation with a peer) to include
cognitive components as well (e.g., difficulty urstanding others' mental states). Deficits in
social cognition in children with ASD have beentrmoely reported in the literature using theory
of mind (ToM) tasks. In a review of the relatiostlwveen ToM abilities and autism by Baron-
Cohen (2000), the author noted that several stundies shown that children with autism had
difficulties understanding others' mental stategemvbompared with typically developing peers
with comparable mental ages. During these taskislren with autism reported what they
believed was true rather than indicating what agoperson might be thinking (Baron-Cohen et
al., 1985; Leekam & Perner, 1991, Perner, Fritisliee& Leekam, 1989; Reed & Peterson,
1990; Swettenham, 1996; Swettenham, Baron-Coheme@@& Walsh, 1996). One explanation
for the difference in ToM performance between tgfiicdeveloping children and children with
ASD may be that children with ASD lack the undamndiag of where the knowledge needed to
explain a given situation comes from. For examPlait and Bryant (1990) tested three- and

four-year-olds on a "seeing leads to knowing" tasttetermine the plausibility of an event
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occurring based on knowledge differences (i.e.ifwpar lacking information). More
specifically, this study showed that typically deygeng three- and four-year-old children easily
understood that if a person was allowed to looldmsa box, then that person would have
knowledge of its contents; however, if the samas@ewas not allowed to look inside the box,
they would be unaware of its contents. In contfdaton-Cohen and Goodhart (1994) showed
that children with autism responded at the leveadltaince when completing this task, which
suggested that they did not understand the coméépéeing leads to knowing” (i.e., that the
person who was able to look inside the box woulovkthe contents of the box).

Children with ASD also have difficulty performirggher cognitive and emotional tasks
related to the understanding of mental states whempared with typically developing peers.
For example, a study by Tager-Flusberg (1992) sddaat children with autism used fewer
words than controls to describe the functions eflitain such as "thinking," "knowing,"
"hoping," and "imagining" and instead used mor@acivords than controls such as "jump,"
"eat,” or "'move" when describing a picture by tejlia story. The action word descriptions in
this study can be thought of as being more litavlkgreas the brain functions are more abstract.
When investigating the emotional understandinghaificen with ASD, Harris, Johnson, Hutton,
Andrews, and Cooke (1989) reported that typicadlyedoping children aged four to six were
able to understand that emotions can be causeatdiyal thoughts and beliefs rather than by
actions. For example, a child can be excited byptilospect of getting a toy that he was
promised when he successfully completes his homewlorcontrast, children with ASD have
difficulty with this type of abstract emotional werdtanding (Baron-Cohen, Spitz, & Cross,
1993). In this study, children with ASD were ateunderstand more basic emotions such as

happy and sad that are the result of actions; hewéwey had difficulty understanding emotions
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such as surprise, which are related to more addacmgnitions and which are the result of
beliefs rather than actions. Interestingly, claidwith intellectual disability did not differ from
typically developing children in their ability tecognize any of the three emotions (i.e., happy,
sad, or surprise), which suggests that this impamtrmay be unique to autism and not due to
overall cognitive ability. Overall, this impliekat children with ASD have difficulty
understanding emotions when there is a more addamnugerlying cognitive component
involved (Baron-Cohen et al., 1993).

In addition to basic social cognitive impairmesitEh as emotion recognition, children
with ASD are impaired in their ability to compreluenigher-order cognitive demands such as
understanding pragmatics, or the social use ofuagg (APA, 2000; Baron-Cohen, 2000;
Peterson et al., 2012). In this population, diffies with pragmatic language such as
understanding prosody are apparent in a sociaegbet/en at a young age, and therefore can be
used to measure higher-order social cognitivetaslin children with ASD. These children
frequently have trouble taking turns in a conveosatstaying on topic, smoothly transitioning to
a new conversational topic, and understanding vehegpropriate to say in a given context. In
addition, children with ASD often have difficultynderstanding humor, sarcasm, or irony
because the content of the spoken words (i.e.,ra titeral understanding) does not match the
intended meaning (i.e., more abstract social comeation). Furthermore, the additional
demands of understanding nonverbal communicaticenvititeracting with others such as
reading body language proves challenging for mduiigren on the autism spectrum. Several
studies have provided support for the idea thatitha common area of weakness in children
with ASD (Baron-Cohen, O'Riordan, Stone, Jones &d®d, 1999; Surian, Baron-Cohen &

Van der Lely, 1996). In these studies childrerhvAGD were unable to choose which responses
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would not be appropriate to a given question tinefe were certain comments that someone
made in a short story that he or she should na Baid. Results from these studies support the
idea that these children have difficulty understagdhe pragmatics of language, a proxy of the
understanding of higher-order cognitive abilitivsocial context, which included understanding
what is appropriate to say in a given situation.

The debate over ToM impairments in ASD The debate over Baron-Cohen’s (2000)
claim that all children with ASD exhibit impairmenih the understanding of theory of mind
deserves some additional attention. Researcheyewe argued that not all children with ASD
exhibit these challenges often have pointed tdabethat many children with ASD, especially
higher functioning children with Asperger syndroroan pass first-order false belief tasks (i.e.,
understanding that another person has a diffedi@fp Happé (1995) attempted to clarify this
argument by noting that many children with ASD eaentually pass first-order false belief
tasks, but this is often not accomplished until miater than typically developing children (i.e.,
nine years old versus four years old), with théiestrreported age of successful completion of
this type of task being five-and-a-half years ofgiven this information, the debate then turned
to the ability of children with ASD to pass secaordler false belief tasks (e.g., Tom thinks that
Sally thinks that...). These tasks are often undetsby typically developing children around
the age of six (Happé, 1995). Much like the fostler debate, researchers have shown that some
higher functioning individuals with autism or Asger syndrome can complete these tasks by
the teenage years (Bowler, 1992; Ozonoff, PennmgaRogers, 1991). Currently, many
researchers agree that these abilities (i.e., paésst- and second-order false belief tasks) can
be acquired, albeit at a delayed rate, by adolesc@Peterson et al., 2012; Wellman & Liu,

2004). Therefore, much of the most recent reseamaheory of mind understanding and autism
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spectrum disorder has focused on the understafiimgher-order cognitive processes such as
the understanding of the pragmatics of languagergikiat only a few studies have investigated
this area of social cognition in ASD. The pressntly attempted to add to the growing
literature in this area.

In summary, children with ASD exhibit a varietya#ficits in social cognition, ranging
from the more basic understanding that others naag beliefs that are different from one’s own
to more the more advanced understanding of thalsase of language such as pragmatics.
These difficulties, evidenced by poor performanceognitive measures such as theory of mind
tasks, have been reported consistently in theatiiee (Baron-Cohen, 2000; Tager-Flusberg,
2000). Even children who are "higher functionimgtertain areas (e.g., communication or
adaptive functioning abilities) still exhibit impaients in social cognition, especially when
emotions are involved. This suggests that thisteluof abilities may be deficient in many, if not
all, children with ASD. Furthermore, impairmemntssiocial-emotional functioning can have
detrimental effects on the social competence déidm with ASD (Sigman & Ruskin, 1999;
Tager-Flusberg, 2000).

Lastly, as previously mentioned, autism spectrusordier is a highly heritable
neurodevelopmental disorder, as noted by the haglocardance rates in MZ twins compared
with DZ twins (APA, 2000). Given that impairmemtssocial cognition, specifically the
understanding of theory of mind (ToM), are commomiany, if not all, children with ASD,
there might be a genetic component to ToM as witlerefore, studies such as the present one
are important because they combine psychologighganetic contributions to the development
of social cognitive abilities. A strength of tlegidy was that it used a cross-sectional design,

which included children with and without ASD, aslv&s a longitudinal design using twins,
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which allowed for an assessment of the developmiesicial cognitive abilities over time, as
well as an investigation of the behavioral genatiicsocial cognitive abilities.
Benefits of Using a Twin Sample

Behavioral genetics is the study of genetic andrenmental influences on behavioral
phenotypes. The use of a twin sample in behavgeaétic studies allows for the investigation
of genetic influences on behavior (e.g., socialnitbgn), parsing out influences due to genes and
environment. There are two types of twins inclugred twin sample: identical or monozygotic
(MZ) twins, who share the same genetic makeup fraternal or dizygotic (DZ) twins, who
share approximately 50% of their DNA with their wan (Plomin, DeFries, McClearn, &
McGuffin, 2000). The difference between DZ twimglaiblings who are not twins is that DZ
twins share the same prenatal environment and @engber of the same birth cohort. When
studying twins, heritability estimates are computedrder to determine the genetic and
environmental influences on a particular behavieor example, correlating the performance of
MZ twins on ToM tasks and comparing that valueh ¢orrelation of the performance of DZ
twins on the same tasks provided an estimate di¢hiéability of the understanding of theory of
mind. Higher correlations between MZ twins implgr@ater genetic contribution3jton a
particular behavior. The equation for the corietabf MZ twins is: fiz= h*+ ¢ (Falconer,
1960). The equation for correlation of DZ twingigoner, 1960) ispp= (1/2)Hf + ¢ because
DZ twins only share about 50% of their genetic mgkeHeritability is estimated by subtracting
the DZ equation from the MZ equation and doublimg difference, which results in the
following equation: A= 2(fvz - roz).

Equal environments assumption (EEA). When studying twins, it is imperative to

include a discussion of the equal environmentsmapion (EEA). This assumption states that
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MZ and DZ twins share their environments to the saxtent, which allows for valid
comparisons between the two groups. This assumggiorucial in the study of twins (Kendler,
Neale, Kessler, & Heath, 1993). One exceptiohas more similar twins will select more
similar environments, thus drawing influences frbath genetics and environment, which
should be taken into consideration when analyznegoehavioral differences between twins
(DiLalla, 2002b). Neale and Cardon (1992) repotted some researchers believe that twin
study samples are flawed based on the notion tZatwihs evoke a more similar response from
those with whom they interact compared with DZ tsyiwhich could affect twins' behavioral
presentation. This would invalidate the EEA beeanfsthe overestimation of the heritability
between twins; therefore, researchers should beeanfdhe implications of the special case of
twin samples. Although violations of the EEA canhe fully explained, several researchers in
the field believe that the assumption is not beiiotated (Borkenau, Riemann, Angleitner, &
Spinath, 2002; Derks, Dolan, & Boomsma, 2006; Klukplly, lacono, McGue, & Wilson,
2000). Given the debate over the EEA, twin samatedest used with a longitudinal design in
order to measure environmental influences overragpeints in time (Neale & Cardon, 1992).

Behavioral Genetics of Social Cognition

Using twin studies is a useful way for researcheligvestigate the genetic influence on
the understanding of social cognition. In gendradre are limited studies on the behavioral
genetics (i.e., heritability and environmental ugfhce) of social cognitive abilities. Results from
a molecular genetics study were the first to shaeraection between genes and social
cognition(Skuse et al., 1997). This studgported that a locus on the paternal X chromosome
was implicated in the understanding of social ctgniin children, given that females performed
significantly better than males on the social ctigeitasks included in the study. Recent studies

by Skuse and colleagues (Good et al., 2003; Skiseis, & Lawrence, 2003) reported that
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impairments in social cognition in Turner’s syndem genetic disorder in females in which one
of the X chromosomes is missing, is linked to gemrethe paternal X chromosome in some
cases, specifically Xp 11.3 when there is a pami@hosomy. However, most single X
chromosomes come from the mother in this disortleaddition, the authors of these studies
reported that these genes likely influence so@ghdive abilities through connections to the
amygdala, which is larger in individuals with Turisesyndrome compared with controls.
Typically, decreased grey matter volumes are agsatiwith impairment; however, in this case,
the authors explained that hyperactivity of the gdatae in their study was related to social
difficulties. The two studies (Good et al., 208&use et al., 2003) were comprised of different
age ranges as well, suggesting that the volumerdiftes were independent of age. The
bilateral amygdalae, which are part of the limhjistem, are believed to be involved in the
processing of negative emotional reactions andaigeielevant information (Skuse et al., 2003)
The link between emotional processing (via conoastito the amygdala and the superior
temporal sulcus) and social cognition is importgaen the fact that children with autism
spectrum disorder have been shown to be impairdddtucturally and functionally in both of
these areas of the brain (Pelphrey, Shultz, H&ld&nder Wyk, 2011). After the molecular
studies were published suggesting a link betweeaetgs and social cognitive abilities,
behavioral genetics studies using twin samplesviah.

Independent Pathway model The covariance between twins in behavioral geseti
studies can be explained using the Independeni@gtimodel Neale & Cardon, 1992). This
modelincludes three main components: (A) gendt) shared environmental, and (E)
nonshared environmental effects. The genetic &sfiean be additive (A) or not, depending on

whether there is an effect of alleles at the samation on a particular chromosome (additive) or
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at different locations (non-additive), which is ttese with genetic dominance. Shared
environmental factors (C) make twins more simi@nereas nonshared environmental factors
(E) result in twins appearing more dissimilar. ®aleenvironmental influences include factors
such as the number of family members living intibene and the socioeconomic status of the
family. An example of a nonshared environmenteldais the difference in perceptions
between twins following a move to another stateinTA had an easier time getting along with
his teacher at his old school compared with TwinvBich led to a more positive perception of
his new teacher at the new school than Twin B. sTthe same environmental influence (i.e.,
moving to a new school) resulted in different pptmns for each twin at the new school. It
should be noted that the nonshared environmentapoaoent is inherently confounded with
measurement error. Systems-level influences ssiclo@o-cultural, political, and historical
experiences are likely to influence measurementr emd cannot be directly measured (Rutter,
2001). This may make the differences between tappear larger than they actually are.

One of the first twin studies to investigate tleaetic influence on social cognitive
development using behavioral genetics was condumtddlughes and Cutting (1999). This
study included a sample of 119 same-sex twin pans were three years of age at the time of
data collection. The children were given a senfesight false belief tasks, as well as the
Vocabulary and Comprehension subtests of the Stulfmet. The authors used structural
equation modeling to estimate the genetic and enmental influences between twins on social
cognitive functioning. Intraclass correlations we$6 and .32 for MZ and DZ twins,
respectively, which resulted in a heritability estie of .66. Given that verbal ability also was
shown to be genetic, a bivariate modeling appreghused to determine the amount of overlap

between these two abilities. The authors repdhati67% of the genetic variance of theory of
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mind was unrelated to verbal ability, suggestirag the overlap between these two abilities may
not be as large as previously reported (Happé€,)1995

Anothertwin study by ScourfieldMVartin, Lewis, and McGuffin (1999)rovided further
evidence that social cognitive abilities likely lea& genetic basisintraclass correlations
between MZ and DZ twins were reported, suggestiggreetic influence on social cognition.
More specifically, correlations for MZ twins rangdm 69% to 74% for males and females,
respectively, and correlations for DZ twins weré&#and 26% for males and females,
respectively. Given the fact that the correlatitoraViZ and DZ twins were highly discrepant in
females but not males, the authors noted that dditrée genetic effects were likely at play. In
addition, males were found to have more difficuliyh social cognitive tasks than females in
general, and the overall performance improved lashdtiren got older. Additionally, the
genetic effects on performance for children unterage of 11 were greater than those for
children over 11 years of age. Thus, this studyided support for the heritability of social
cognition and the impact of age on the genetiaarice of social cognitive task performance.

In contrast, a more recent study (Hughes et ali5Pfeported that the understanding of
social cognition was driven by environmental fastorore than by genes. Individual differences
in the understanding of ToM were studied in a lagmple of 1,116 same-sex five-year-old
twins, who were a part of the Environmental RiskRiEK) Longitudinal Twin Study. The
children were given the Vocabulary subtest fromWechsler Preschool and Primary Scales of
Intelligence-Revised (WPPSI-R; Wechsler, 1990)ddi&on to a series of ToM tasks with a
forced-choice format that increased in difficuléyél. The ToM tasks included first-order and
second-order false belief tasks as well as a beésire reasoning task. The belief-desire

reasoning task required the child to make an infegebout a person’s emotional state based on
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a false belief attribution. Results from this stuadicated that there was no difference between
correlations for MZ and DZ twing € .53), which suggested that environmental ratien
genetic factors may be influencing the individuifledences in ToM performance observed in
this large sample. The shared environmental inflee accounted for 48% of the variance, the
nonshared environmental influence accounted for d4b#e variance, and genes only accounted
for 7% of the variance. It is important to notattthese genetic and environmental differences
were the same for boys and girls. In contrash¢ostudy by Hughes and Cutting (1999) that
reported that the genetic influence of ToM and akdbilities overlapped by 33%, the large
study by Hughes and colleagues (2005) suggestéthengenetic influence on verbal abilities
completely overlapped with the genes that influenteM abilities. In addition, there was a
strong overlap between verbal abilities and ToMitas in terms of shared environmental
factors. Similar to the previous study by Hugheg Gutting (1999), there were no sex
differences in verbal ability or ToM ability.

Given the wide range of results reported in the li@hvavioral genetics studies of ToM
abilities in children, it is important to considée reasons that may be influencing these
differences. One reason for the large disparityuttomes (i.e., genetic versus environmental
influences) between the more recent study by Hughdscolleagues (2005) and the study by
Hughes and Cutting (1999) may be the markedly fasgmple size used in the Hughes et al.
(2005) study. A second reason could be that tResk-Longitudinal Twin Study included a
disproportionately high number of families with I@@cioeconomic status, which could be
influencing the environmental effects, especidiky influence of nonshared environmental
experiences, which are unique to each individuaistly, the Hughes and Cutting (1999) study

consisted of three-year-olds and the larger Hughet (2005) study was comprised of five-
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year-olds, suggesting that genetic influences av abilities might be stronger in younger
children.

In conclusion, results from behavioral geneticsl&s of twins investigating the
understanding of theory of mind are mixed. A fewintstudies provide support for a strong
genetic influence on ToM abilities (Hughes & Cudtiri999; Scourfield et al., 1999), whereas a
single, larger study by Hughes and colleagues (Rjorted a strong environmental influence
and a negligible genetic influence on the undedstanof ToM at the age of five. Further
studies are needed to help clarify these highlgatant results.

The Role of Molecular Genetics in Social Cognition

With advances in technology, the field of genelias exploded in recent years. The
molecular genetics of most disorders are complék, tlve exception of a few rare disorders that
have been linked to a single gene mutation (eygticfibrosis, sickle cell anemia). In the vast
majority of psychiatric disorders, the geneticusfhces are often polygenetic and multifactorial,
meaning that they result from the combination ohyngenes and environmental factors (e.g.,
prenatal environment, parental psychopathology)e rElation between genes and the resulting
behavioral phenotype is complicated; an understanoi biological terms (e.g., DNA, RNA,
risk alleles) is essential to the comprehensiaeffield of molecular genetics.

Biology of molecular genetics Each individual’'s genetic information is locatedhin
deoxyribonucleic acid (DNA) molecules (http://wwwhbi.nlm.nih.gov/About/primer/
genetics_genome.html). A particular gene is adtref DNA that encodes information from an
individual's genetic makeup. Gene expressionespifocess by which that information produces
an observable behavioral phenotype. This prosedsven by the transcription of double-

stranded DNA into single-stranded RNA, or ribonickid, a complementary copy of DNA.
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This single-stranded RNA, or messenger RNA (mRNg\)hen translated into a protein after a
series of processing steps (e.g., folding intoreefdimensional structure), which is necessary
for the protein to become functional.

The structure of DNA and RNA are similar, but theletules differ in a few important
ways. For example, both are comprised of sevenallsr components such as nucleic acids,
which are made up of several nucleotides. Eacleatide has a five-carbon sugar (ribose), a
nitrogenous base, and a phosphate group (http://webinlm.nih.gov/About/primer/
genetics_genome.html). DNA molecules are missitggaxygen atom, which results in the
prefix “deoxy.” The structure of DNA is a doublelix, consisting of two backbones, which
wrap around each other. The four possible nitrogstbase pairs in DNA include adenine (A),
thymine (T), cytosine (C), and guanine (G). Thieases are found along the backbones of the
helix. The two strands are connected by chemicatlb across base pairs. For example, the “A”
on one strand is attracted to the “T” on the opjeastirand. The structure of DNA and RNA are
similar, but complementary, and the single-stran@Bid\ includes a base called “uracil” in the
place of “thymine,” which is found in DNA. Thesade pair sequences provide instructions for
how a given protein is synthesized, which is deddby the order of the base pairs.

Genes are segments of DNA that code for a partigutdein or proteins. Each
individual receives two copies of each gene, oamftheir mother and one from their father.
These copies can be similar or different. Diffénegrsions of the same gene are referred to as
alleles. One gene may have several differentesl]ddut offspring will only receive two alleles
for any gene, one from each parent (http://www.mdim.nih.gov/About/primer/
genetics_genome.html). When the two inheritedeslare the same, they are referred to as

“homozygous,” and when they are different, theyraferred to as “heterozygous.” Although
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humans share a large portion of their genetic makenly identical twins have exactly the same
DNA. The special case of identical twins, as dss&dl in a previous section, allows for the
ability to study genetic and environmental influesa¢o a specific trait or disorder such as the
understanding of social cognitive abilities in dnédn with and without autism spectrum disorder
in this study.

Risk alleles An understanding of alleles is not complete witha discussion of what it
means to have a “risk allele.” The presence ddlaallele results in a protein with an atypical
function, which is often associated with an inceshgsk of developing a disease or disorder
(http://www.ncbi.nlm.nih.gov/About/primer/ genetigeenome.html). For example, when a
woman has a mutation in the BRCA1 gene, whichspaasible for tumor suppression, the
presence of this risk allele dramatically increabedikelihood of developing breast or ovarian
cancer. Itis important to note that “risk” istatsstical term that results from the comparison of
groups of individuals with and without a specifandition (e.g., depression, anxiety) and should
not be applied to individuals. A risk allele, oc@mmon variation within genes, is also known
as a single nucleotide polymorphism (SNP). SNRsiio@hen a single nitrogenous base change
occurs in the DNA sequence. Although these areegq@mmon, and often are benign, certain
variants have been found to increase the risk @€iip groups of people in developing common
diseases or disorders.

Researchers study these risk alleles using camrdigate studies, which allows for causal
inferences to be made from the level of genotypgéedevel of phenotype. Genes that are
chosen for study in these studies are includeddbaseheir theoretical link to biological
pathways underlying a given disease or disordeverzthis link, when an association is found

between a risk allele and a particular conditibis assumed that the gene is connected to the
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protein produced in the identified biological pahwvwhich is the case with the BRCAL gene
involved in tumor suppression in breast and ovacemcer. On the other hand, when an
association is not found, evidence against theoioal connection is implied
(http://www.ncbi.nlm.nih.gov/About/primer/ genetiggenome.html).

The neurotransmitters dopamine and serotonin The candidate genes in this study are
common variations of the genes that synthesizé&rémsporters and receptors used in
conjunction with the neurotransmitters dopamine segrdtonin. These neurotransmitters have
been linked to human social behavior, specificatlgial cognition, in a recent study by Skuse
and Gallagher (2011). The authors explained h@asdmeurotransmitter systems influence
social interactions through dopaminergic connestitmreward pathways and serotoninergic
links to emotional regulation. More specificallgpamine is associated with the rewards gained
through building social relationships, and serataairelated to emotional states associated with
social interactions such as subjective feelinggsyaogical arousal, desire to interact with
others, and the feelings associated with beingided or excluded from a group. The authors
specifically implicated the pathways of the “sodahin” that underlie the ability to take
another’s perspective, including the dorsomedidl @orsolateral prefrontal cortices, the
paracingulate cortex, the bilateral temporoparigtattions, and the amygdala (Skuse &
Gallagher, 2011).

Genetic variations in the dopamine and serotonnmegdave been shown to affect the
levels of dopamine and serotonin available foringbe brain. The dopamine receptor D4 gene
(DRD4) has a 48-base pair variable number tandpeatg VNTR), or a location on a gene
where a short sequence repeats itself, polymorpimsxron Il in the D4 receptor. Itis

hypothesized that the presence of a common 7-refleblt may lead to reduced expression of
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the DRD4 gene, which reduces the intracellular eatration of the second messenger cyclic
AMP, which in turn causes a cascade of signalirepts/(Lachowicz & Sibley, 1997). The final
result is a decreased amount of dopamine avaiiahitee system for binding.

The serotonin transporter gene (5-HTTLPR) is a maamae transporter protein that
encodes the serotonin reuptake transporter (5-HThg 5-HTT is responsible for transporting
the unused neurotransmitter serotonin from theynapace back into the presynaptic neurons
so it can be released again. The promotor reditmeoSLC6A4 gene contains a polymorphism
with “short” and “long” repeats in the 5-HTT-linkgoblymorphic region (5-HTTLPR). The
short variation has 14 repeats of a sequence anldnly variation has 16 repeats (Nakamura,
Ueno, Sano, & Tanabe, 2000). In addition, the tsbemiation leads to less transcription of
SLC6A4, which leads to the creation of fewer 5-Hirdteins and lower 5-HTT expression,
which increases extracellular concentrations abtesin in the brain. Increased levels of
serotonin are associated with overstimulation of@& the recycling of 5-HT by the transporters
prevents this overloading (Canli & Lesch, 2007hu§, the creation of more SERT proteins (i.e.,
the protein produced when thg &llele is present) helps to maintain homeostddiseasynapse
site. One study showed a decrease in grey mattbeiperigenual anterior cingulate cortex and
the amygdala for those who had the short/shodi@tembination compared with those with the
long/long genotype. A meta-analysis of the assimridoetween the 5-HTTLPR polymorphism
and individuals with autism spectrum disorder (AS&)s conducted given the conflicting results
reported in previous studies (Huang & Santangdd082. This review and meta-analysis
showed no overall relation between 5-HTTLPR and A&SBn after separating out families with

only one child with ASD from those with more thamecaffected individual.
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The 5-HTTLPR polymorphism has been extensivelyistlith psychiatric populations
such as those with ASD, depression, and anxietedime mid-1990s with mixed results
(Wendland, Martin, Kruse, Lesch, & Murphy, 200&).recent focus has shifted to further
subdividing the short and long genetic variationsrder to explain these conflicting findings. A
functional variation was identified within the longriant, known as A.or Ls. La was
associated with higher levels of 5-HTT expressiod lwer levels of extracellular serotonin,
whereas k was more similar to the short variant, or thel8l@l(Praschak-Rieder et al., 2007).
Given this important distinction, the short anddosariants were further subdivided into &, L
or Lg in this study in order to account for the speezedi function of the A genotype.
Abnormalities in the serotonin system have beékelino different disorders such as those with
and without depression (Cannon et al., 2007). e®ed levels of serotonin have been shown to
decrease aggression and increase cooperation @gersa in a primate study (Carver & Miller,
2006). Studies in humans and primates also hawsrsthat increased levels of serotonin
activity have positive effects on social interaoci@nd cooperation, whereas the opposite also is
true (Cools, Roberts, & Robbins, 2008).

Dopamine and social cognition There is significant evidence to suggest that th
neurotransmitter dopamine is related to the undedshg of ToM in humans. Two studies using
functional neuroimaging techniques or electroenaggraphy (EEG) in preschoolers have
implicated the dorsomedial prefrontal cortex (dAMPKCthe development of ToM (Liu,
Sabbagh, Gehring, & Wellman, 2009; Sabbagh, Bowraaraire, & Ito, 2009). Given that the
dMPFC is a main target of dopamine projections atfmpe may be associated with developing
and maintaining functioning of social reasoningiaschoolers (Popolo, McCarthy, & Bhide,

2004). Developmentally, this is important becatigebrains of preschoolers are maturing at a
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rapid rate. Another study of 91 four- to five-yedd typically developing preschoolers showed
that individual differences in rates of eye blindinvhich was used as a proxy for dopamine
functioning, successfully predicted the performaoce oM tasks (Lackner et al., 2010). These
effects remained even after controlling for exaaifunctioning (i.e., performance on a Stroop-
like task), language ability, sex differences, agd. A recent study provided further support for
the link between dopamine and the understandifigbf (Lackner et al., 2012). In this study of
73 typically developing 42- to 54-month-olds, polymphisms of the dopamine D4 receptor gene
(DRD4) were associated with ToM performance.

Dopamine has also been shown to be associatedeaithing, which is a crucial
component to the successful completion of ToM tasksan animal study by Schultz (2000),
dopamine was released during situations in whiehettpected event did not match with an
unexpected outcome. Thus, the author proposeditdmamine may be responsible for plasticity
of neural cells, providing updated information lzthee expected versus actual outcomes and
adjusting future expectations.

Serotonin and social cognition Much like dopamine, there is a documented link
between serotonin and social cognitive abilitiethim literature; however, studies investigating
this connection are limited in humans. Serotosilinked to a wide range of behavioral and
emotional functions including behavioral inhibitjappetite, aggression, mood, sleep, and
navigating social situations (Rogers, 2011). Prnsdudies have shown elevated serotonin
decreases aggression and increases cooperati@iffactiveness in social situations and vice
versa (Carver & Miller, 2006). In both animals dngnans, greater serotonin activity positively
influences social interaction and cooperation, whsidow serotonin levels have the opposite

effect (Cools, Roberts, & Robbins, 2008).
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In addition, a recent study by Bosia et al. (20&pprted that ToM abilities were
deficient in a clinical population of 118 individsawith schizophrenia when compared with
controls. In this study, prefrontal cortex dysftion was related to difficulties taking another
person’s perspective. The authors also investigdie specific effect of a functional
polymorphism of the serotonin 1A receptor (5-HT1A-®hich is involved in the regulation of
both serotonin and dopamine transmission. Moreigally, the 5-HT1A-R is involved in the
decreased production of serotonin, and it diradtiiyences the release of dopamine in the
prefrontal cortex (Rollema et al., 2000). The awlreported that individuals with the C/C
genotype performed better than those individuath either the C/G or the G/G genotypes and
concluded that this effect was likely related teraction of serotonin and dopamine working
together to influence social functioning. The fimgk from the study by Bosia and colleagues
(2011) and an earlier study by Abu-Akel (2003) pded support for the influence of both
serotonin and dopamine levels on ToM performangedividuals with schizophrenia after
controlling for other cognitive abilities (i.e., l@hd executive functioning).

In conclusion, human and animal studies of dopamanteserotonin have provided strong
evidence for a link between risk alleles associatgdd these neurotransmitters and performance
on measures of social cognitive abilities (Abu-Ak)03; Bosia et al., 2011; Skuse & Gallagher,
2011; Lackner et al., 2010, 2012). Dopamine has lieked to reward pathways, and the bonds
created during social interactions are inheremlyarding. Serotonin is associated with a wide
variety of emotional states, including the desirenteract with other people. More genetic
research on clinical populations typically impairedhe understanding of ToM such as those
with ASD are needed in order to better understaedinhderlying biological pathways affecting

these complex cognitive abilities. Given that batial traits and psychiatric disorders are
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rarely caused by single gene mutations, it is atuoiinvestigate both the genetic and
environmental influences of a particular conditiajch was best accomplished in this study
through the use of a twin sample. In addition,ltmg repeats of the DRD4 polymorphism and
the short variant of the 5-HTTLPR polymorphism w#re focus of the genetic analysis given
their connection to the development of the soaiairb
The Present Study

The goals of this study were three-fold. Firstestigated whether performance on a
theory of mind task at ages three and four predipgrformance on theory of mind (ToM) tasks
at follow-up (i.e., one time point between 6 toyHars of age). The longitudinal portion of this
study used a sample of typically developing twmsst of whom were tested in the past as part
of SITSS (87%), but some of whom were newly reedias part of the larger study (13%). The
follow-up testing comprised five measures of ToMijeh increased in difficulty and included
the addition of an age-appropriate measure of Tl assessed the understanding of nonliteral
communication (i.e., sarcasm). Second, | compdreghérformance of typically developing
twins to children with ASD on the ToM tasks, givitat children with ASD have been shown to
be impaired in processing social information, esgdlscwhen emotional cues are incorporated.
In addition to the ToM tasks, all children were axlistered the receptive and expressive subtests
of the Clinical Evaluation of Language FundamentdlsEdition (CELF-4) as a way to control
for language differences between groups. Thissesestional analysis allowed comparisons
between groups to investigate the extent of impamnm social cognitive abilities in children
with ASD. Third, | tested whether different genog were related to performance on ToM
tasks to better understand the role of moleculaetyes in the development of social cognition in

both groups of children. Prior behavioral genesitglies have indicated that ToM is heritable,
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and there is evidence from molecular genetics stuti suggest that risk alleles associated with
the neurotransmitters dopamine and serotonin maipnked to deficits in social cognitive
functioning. The current study added to the lil@ra by expanding upon the role of dopamine
and serotonin in the understanding of social cogmit
Hypotheses
This study sought to add to the literature by stigating the psychological and genetic
contributions to the development of social cogmitibrough the use of a longitudinal and a
cross-sectional design. The hypotheses for thewrustudy were as follows:
Hypothesis Xested the development of social cognitive ab8iin typically developing children
over time.
la) Performance at ages three and four was exptcfeddict performance on all five
ToM tasks at follow-up (i.e., one time between a§és 10). Thus, it was hypothesized
that performance at ages three and four would bé#ipely correlated with scores at
follow-up on individual tasks.
1b) Younger children in the follow-up study wergegted not to pass as many of the
five ToM measures as older children in the follopvatudy, thus generating a lower
overall total score. Therefore, it was hypotheasitteat age and total score would be
positively correlated in the follow-up sample.
Hypothesis Zested the group differences in ToM abilities Inildren with and without autism
spectrum disorder.
2a) Children (ages 6 to 10) with ASD were expectetto score as high as typically
developing children on each of the five measureBodf included in the current study

given their deficits in social cognitive abilities.
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2b) Children with ASD were expected to have sigaifitly more difficulties on the
CBCL scales related to social abilities (i.e., abproblems, thought problems) and
emotional functioning (i.e., anxiety, social withgral) compared with typically
developing children. Social problems are a cofeilén children with ASD, and
emotional processing difficulties make navigatingial situations even more difficult for
these children.
2¢) Autism symptom severity as measured by theasoognition, social communication,
and social awareness treatment subscales on th& SRS expected to be negatively
correlated with performance on all five ToM tasks.
Hypothesis 3ested whether genes in general and differenttgpas of the DRD4 and 5-
HTTLPR genes in particular would predict performaina ToM tasks.
3a) It was hypothesized that ToM would be heritabeich was assessed by comparing
the correlations of MZ and DZ twins at all ageswéas expected that MZ twins would
perform more similarly than DZ twins at all ageslthvioral genetics hypothesis).
3b) Participants who have at least one Sgallele in the 5-HTTLPR polymorphism or
six or more repeats in the DRD4 polymorphism wqéedorm worse on ToM tasks at all
ages than those with only 5-HTT, lalleles or only fewer than six repeats of the DRD4
polymorphism, respectively. Participants who hbgth risk genotypes (i.e., at least one
risk allele in both genes, DRD4 and 5-HTTLPR) wobkdmore impaired on ToM tasks
than those with only one of the DRD4 or the 5-HTR.§enes, as well as those without

any risk alleles (molecular genetics hypothesis).
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CHAPTER 3

METHODS

Participants

The first part of this study included twin pairstoplets who participated in the Southern

lllinois Twins and Siblings Study (SITSS; DiLall2Q02a) at ages three and/or four, shortly after
their birthdays each year, as well as new famiiee had not been tested previously. In total
115 families were targeted for participation, a@d@milies participated in the current study,
which resulted in a response rate of 54%, whiatoissidered to be a high response rate given
the nature of the study and the geographical aredich it is being conducted. Of those who
did not participate, 23% were not interested fatoues reasons (four families lived too far away,
three families were not interested/did not haveetithree families had children who aged out of
the study by the time they were contacted, anceasan was documented for two families), 28%
were unable to be contacted, and the reason fqartitipating was unknown for the remaining
49% (the specific information for why families didt participate was not recorded until halfway
through the study). We attempted to contact 23 faemilies, and the remaining 92 were
families with multiples who participated in SITS®iovwere contacted three to six years after
their initial participation. The children who wetested previously were between the ages of 6-
10 at the time of follow-up. Of the 62 familiesthre follow-up study, which resulted in a total
sample of 127 children, 69 children were testeabat three and four (54%), five were tested at
age three only (4%), 18 were tested at age fowr @4l%), 17 children were tested at age 5 as a
part of SITSS but were not tested at ages thréeunr(13%), and eight new families

participated, including seven twin pairs and ao$efuadruplets (n = 18 children; 14%).
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The second part of this study included 25 6- toydér-old boys who had previously been
diagnosed with autism spectrum disorder (ASD). e@ithe fact that four times as many boys
are diagnosed with ASD than girls, only boys weduded in this sample. All but one of the
children in the ASD sample were recruited through€enter for Autism Spectrum Disorders
(CASD). The only child who was not recruited thes@s contacted using information initially
gathered for SITSS. (This child and his co-twirrevexcluded from SITSS several years ago
after he was diagnosed with ASD as a toddler.) tMng not all, of the children were evaluated
by clinicians at the CASD at SIU. The children where evaluated there were administered the
Autism Diagnostic Observation Schedule (ADOS; Let@l., 1989) in order to verify their
diagnosis, following an initial screening visit. @ hremainder received diagnoses from their
primary care physicians; however, each child’s dasgs was verified by the staff at the CASD
prior to including them in interventions or resdastudies. One set of MZ twins was included in
the data collection; however, only one twin waduded in the analyses in order to avoid
violating statistical assumptions. All of the chgn tested for the current study were high-
functioning as evident by their ability to attendegular education classroom for most, if not all,
of the school day. Although the cognitive levetlod children was not formally assessed as part
of this study, cognitive data were available fqraation of the children with ASD (see Table 1).

A series of ANOVAs and a Chi-square test were ouddtermine group differences in
demographic variables. For these analyses, odyamdomly selected twin was included when
comparing the typically developing group to theldtan with autism spectrum disorder (ASD)
to avoid violating the independence of samplesraption. There were no significant

differences in ages(1, 85) = 3.00p = .09, SESF(1, 74) = 1.36p = .248, or race/ethnicity?
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(2, N =87) = 2.75p = .25 between groups. The total sample was 86&c&3an, 7% African
American, and 7% "Other" or mixed race (see Talfler sample descriptive statistics).
Measures

Age 3 and 4 Testing

Demographic questionnaire All families were mailed a demographics questaire
(see Appendix A) that included questions relatefduoily information such as marital status,
income, family structure, age, education levelupation, and race. The Hollingshead Index
(Bonjean, Hill, & McLemore, 1967) was used to cédte a socioeconomic status (SES) score
for each family based on occupation status, edoaltiattainment, and family income.
Education level was rated on a 5-point Likert-tggale, ranging from 1 = some high school or
high school degree to 5 = advanced training beyatidge degree. Each occupation also was
rated on a 7-point Likert scale, ranging from 1rskilled laborer to 7 = high-level professional.
Lastly, family income was scored on a 12-point kikgpe scale, with incomes ranging from 1 =
less than $5,000 to 12 = greater than $55,000erGivat the scores are not on the same scale, all
the education and occupation scores were put @poiht scale by multiplying the education
scores by (12/5) and the occupation scores by J2iGr to averaging the scores. Because data
on paternal education and occupation level wersingsrom four families, the maternal
education, maternal occupation, and family incoowes were averaged to generate a maternal
SES score (see Table 1).

DNA collection. A laboratory at the University of Colorado hasvpously analyzed
buccal cells collected for DNA analysis on most, tot all, of the twins who participated in the
follow-up study as part of their participation ififSS. As part of the present study, buccal cell

samples were collected from all children with ASi3,well as from any twins whose DNA
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samples had never been collected (i.e., new fashitiewere missing for any reason. Collection
of buccal cells allowed for the investigation oé tspecific risk alleles implicated in social
cognitive processing. In relation to the DRD4 gehe number of repeats were indicated for
each sample: two repeats and four repeats of tHedQ#lymorphism are common, non-risk
variants; however, the presence of greater thaguoal to six repeats in the DRD4 gene is
considered “high risk” in clinical samples (Faraatal., 2005). The high-risk allele results in
less dopamine binding to receptors. Additional promotor region of the 5-HTTLPR gene
was classified as one of three alleles: §,dnd Ls. Both the g and S alleles result in decreased
serotonin transporter (5-HTT) mRNA levels and dasesl 5-HTT transmission, which leaves
more serotonin in the presynaptic cleft that tylycaould have been recycled by the
transporters (Praschak-Rieder et al., 2007). Toexgerisk alleles disrupt neurotransmitter
action in the brain, which can result in atypicahbviors in certain groups of individuals.

Lastly, given the large number of genetic tests wexe run in this study, a Bonferroni
correction was done by dividing the p-value of % (p = .01), which is the number of social
cognitive tasks included in each analysis for egrchip.

Theory of mind tasks All children were administered the same two Enfialse belief
tasks at ages three and four (Gopnik & Astingt@88). The original protocol was modified
slightly to account for the fact that each twin veag&ed to reference their co-twin’s belief, rather
than asking each child what a peer might be thokinout the situation presented. Each twin
was tested separately in a room away from thetwao- A total of 17 trained undergraduate
research assistants coded these tasks from videot&ach child from a twin pair was coded by
a different trained coder to reduce bias. Avelatgr-rater reliability for coders who have rated

the age three and four protocol is .96 (range @a<1.0).
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Theory of Mind | Each twin was shown a Playdoh container witlomgguent contents
(i.e., crayons) and asked what she thought wadensiior to seeing the contents. Next, the twin
was shown the contents of the Playdoh containercitiyons were placed back into the
container, and the lid was closed. Then, the tmas asked what she thought was inside the
containerbeforebeing shown the contents. (This will be refetieeds the "memory question”
from this point forward because the twin was agke@member what she had initially believed
was in the container versus what she now knowssigé the container.) Finally, the child was
asked what she thought her co-twin would say wakarPlaydoh container. (This will be
referred to as the "contents question” from thisipplrward). Scoring ranged from 0 to 1 for
both the memory question and the contents quesfibis scoring method was initially
described by Wellman and Liu (2004). Specificadlychild received a score of 1 on the memory
guestion if she said she remembered thinking tvaePlaydoh inside the container, but she
received a score of O if she said there were cmyonanother incorrect answer) in the container.
She received a score of 1 on the contents quassbe said that her co-twin would think there
was Playdoh in the container, and she receivedr@ ¢ O if she said her co-twin would think
there were crayons (or any other incorrect ansimdie container.

Theory of Mind Il. Each twin was shown a box of crayons with incongtuwentents
(i.e., blocks) and asked what he thought was ingra® to seeing the contents. Next, the box of
crayons was opened to reveal the blocks, the biveks returned to the crayon box, and the lid
was closed. Then, the twin was asked what he titougs inside the containbeforebeing
shown the contents (i.e., the "memory questiofipally, the child was asked what he thought
his co-twin would say was in the box of crayons.(ithe "contents question"). Again, scoring

ranged from O to 1 for both the memory question thiedcontents question, using an identical
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scoring scheme to Theory of Mind I. See AppendiboBTheory of Mind Protocol (Age 3 and 4
Testing).

Creating total scores for ToM performance at adges¢ and four First, memory scores
at ages three and four were computed by addintybecores (memory from Theory of Mind |
and memory from Theory of Mind Il) at each age #reh dividing by two. The same was done
for ToM contents. This resulted in a total of f@awerage scores: memory at age three, contents
at age three, memory at age four, and contentgeatomr. These four average scores were used
as dependent variables in the main analyses. Emeamny at age three score was not
significantly correlated with the memory at agerfecorer(69) = .12,p = .348, nor was the
contents at age three score correlated with theentsat age four scong69) = -.02,p = .897,
which suggests that performance at the youngewagenot related to performance one year
later.
Current Study

Demographic questionnaire The same demographic questionnaire used ingihe a
three and four testing protocols in the youngentstudy was included in the mailing packets to
all study participants in the follow-up study. $hvas scored the same way that was described in
the previous section in order to obtain an SESesfmreach family based on maternal education,
occupation, and family income (see Table 1).

DNA collection. The same procedure used in SITSS (DiLalla, 20D2zalla, Gheyara,
& Bersted, 2013) was followed to obtain buccal€&ibm the participants in the current study.
Most, but not all, of the twins had their DNA calted previously; therefore, buccal cells were

collected from all of the children with ASD (withbany problems), as well as those twins
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whose DRD4 and/or 5-HTTLPR gene data were missingwer obtained. These samples were
sent to the University of Colorado in two batcheb¢ analyzed.

When only one child was selected from each fanthlg,genotype breakdown for the
sample used in all molecular genetic analyses wasllaws: 23 individuals (27%) with no risk
allele and 63 individuals (73%) with 1 or 2 riske#s for the 5-HTTLPR gene; 51 individuals
(59%) with fewer than six repeats and 35 individudl1%) with six or more repeats for the
DRD4 gene; and 15 individuals (17%) without ank adleles in either gene, 44 individuals
(51%) with at least one risk allele in either gesag 27 individuals (31%) with at least one risk
allele in both genes (see Table 11).

Theory of mind tasks Five measures of ToM were administered in timeesarder to all
study participants in the current study. All twunsderwent a one-hour testing session as part of
a larger emotion study that was approved by thetfeon lllinois University School of Medicine
in Springfield, IL. The administration procedurasmdesigned such that the twins completed all
five ToM measures, but each successive ToM taskseparated by a different measure in an
alternating pattern. The testing session tookeplad.indegren Hall on the SIUC campus. For
the children with ASD, the testing battery onlyluded the five measures of ToM abilities and
was completed in 15 minutes at the Center for Aut8pectrum Disorders at SIU. The group of
testers, who included the principal investigatothaf research lab, six graduate students (myself
included), and one advanced undergraduate studerg,trained to precisely follow a written
script while administering the testing battery, aesponses were written down verbatim during
the testing sessions. Trained testers scoreMIl tasks from oral responses during the testing

session, and | double-checked the scoring of theeTioM items for the total sample prior to
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double data entry. The administration and scopirogedures for the five ToM measures are
described below (see Appendix C for the Theory afdvProtocol for the current study).

Contents False Belief (Perner, Leekam, & Wimm@8,7). This task assessed each
child's understanding that, despite a certain fmheone might believe something differently.
The administration of this single task was simitathe false belief tasks administered during the
age three and four testing protocol for SITSS thete were a few notable differences. Similar
to Theory of Mind | and Il in SITSS, each child wa®wn the Playdoh container, asked about
its contents (without knowing what is inside), simotlve unexpected contents (i.e., Q-tips), and
then asked what was in the container. Next, ehdtl was shown a toy figure and asked if he
has ever seen inside the container. The childtieasasked what he thought the toy figure
would think was inside the container. Lastly, etwim was asked what he thought his co-twin
would think was in the container, and every chiithvASD was asked what a well-known peer
at school (whose name was provided in advancedpdhent without the child knowing) would
think was in the container. The method for thédten with ASD was selected as the best way
to approximate the procedure used in the twin patoScoring ranged from 0 to 1, with a score
of 1 given if the child identified that the toy fige and his co-twin/peer thought Playdoh was
inside the container before seeing the contents.

Explicit False Belief (Siegal & Beattie, 1991; We#in & Bartsch, 1989) This task
measured each child's ability to understand thatesme’s behavior might be different based on
a mistaken belief. Each child was shown a toyrégand a sheet of paper with two pictures: a
backpack and a closet. The child was told thatdlgdigure is looking for his mittens, which
might be in the backpack or the closet. The exantiold the child that the mittens are in the

backpack, but the toy figure thinks they are indluset. The child was asked where he thought
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the toy figure would look for the mittens (knowntas "target question™) and where the mittens
really are (known as the "reality question”). Tedworrect, the child needed to answer both
guestions correctly (i.e., the toy figure will lookthe closet, but the mittens are really in the
backpack), which resulted in a score of 1. If¢héd was incorrect on either or both of the
guestions, he received a score of 0.

Belief-Emotion (Harris et al., 2000)This task assessed each child's understanditing of
fact that someone may have a different emotionusecaf a false belief. Each child was shown
a toy figure and a small, closed Cheerios box Wwatncy balls inside. The examiner asked the
child what she thought was inside the box. Néw,d@xaminer spoke for the toy figure, saying
that Cheerios are her favorite snack, and thenhsawy figure leave. The child was then shown
that there are bouncy balls inside the box insté&heerios. The toy figure was brought back,
and the child was told that the toy figure has neeen inside the box. Then, the child was
asked how the toy figure would feel when she detsobxbeforeseeing inside (this is referred
to as the "target question”). Next, the examimmned the Cheerios box and let the toy figure
see inside. Finally, the child was asked how tlysfigure would feel after looking inside the
box (this is referred to as the "emotion-controésfion™). Scoring ranged from 0 to 1, with a
correct score indicated when the child respondeggi” to the target question and "sad" to the
emotion-control question. The child was given @e®f O if he responded to either or both of
the questions incorrectly.

Real-Apparent EmotionThis measure tested each child's understanditigedact that
someone can show a different emotion than thelmeadre feeling. Each child was shown a
piece of paper with three faces (i.e., happy, aad,neutral) in order to test their understanding

of these emotions. All children were able to cotlseidentify each of the three emotions on the
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piece of paper. Next, a picture of a boy was shivarm the back so that the facial expression is
unknown. The examiner then told a story aboutyarfammed Matt who feels one way inside, but
looks a different way on his face. Matt’s friefhsie, tells a joke about Matt that is not nice,
which causes others to laugh; however, Matt doésvaat his friends to know that he feels bad,
so he hides how he truly feels. The child was tsed two questions to test their memory of
the story, one asking about what the other childiidrwhen Rosie told a mean joke about Matt,
and another about what the children might do iy tkeew how it made Matt feel. Finally, the
child was asked how Matt really felt after beingded, choosing between “happy,” “sad,” and
“s0-s0” (this is referred to as the “target-feeégtion”), and how Matt tried to make his face
look, again choosing between “happy,” “sad,” anoks®” (this is referred to as the “target-look
guestion”). Scoring ranged from 0O to 1, with areot score attained if the “target-feel question”
was more negative than the “target-look questiar’,(the child stated that Matt felt worse than
the face that he made in front of his friends).

Understanding Sarcasm (Peterson et al., 20I)is task measured each child's
understanding of the fact that the meaning of wagd®t always to be taken literally. The
understanding sarcasm task is a newly validategduneaf understanding non-literal language,
which has been shown to be sensitive to differencescial cognitive abilities at this age group
(i.e., only 25% of typically developing nine-yeddahildren passed this task; Peterson et al.,
2012). Given that the children included in thisdst were school-aged at the time of data
collection, it was appropriate and useful to ineluldis more difficult task in the current study.

Each child was shown a picture of the back of Bsgand boy's head, as well as a picnic
scene. The examiner read a story aloud about hewdy and girl were planning on having a

picnic, but after they got the food out, it rairet ruined the food. Then, the girl in the story
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said, "It's a lovely day for a picnic" without amflection or a sarcastic tone. The child was
asked whether what the girl said was true (threfisrred to as a "control question”), why the girl
said it was a "lovely day for a picnic” (this idemed to as the "test question”), and if the girl
was happy about the rain (this is referred to as'tbmprehension question”). Scores ranged
from O to 1. A correct "test question" includedremention of the words "sarcasm," or "irony,"
or a description of the use of nonliteral languggg., using the word "opposite" or saying the
girl was trying to be mean or mocking the boy), ethresulted in a score of 1.

Total score for all five ToM measurekach of the five measures was scored from 0 to 1
and then scores were added together to creatgla sinal ToM score, which ranged from 0 to
5. Each measure included a “control question™rateoto assess whether the child understood
the question being asked. To receive full credé,child needed to answer the control question
correctly in addition to the test question. If treld failed any control questions, but passed the
accompanying test question, the child did not rexeredit and got a score of O on that item.
Previous studies have shown that it was rare fiddrem to fail the control question, but then
pass the test question (Peterson et al., 2012gebh this only happened on one occasion on the
real-apparent emotion task, which resulted in aesob0 for this child in the ASD sample.

Clinical Evaluation of Language Fundamentals, 4™ Edition (CELF-4; Semel, Wiig, &
Secord, 2003). The CELF-4 was selected for use in the currentystiue to the fact that it has
been shown to be sensitive to the language diffesibxhibited by children with intellectual
disability or autism spectrum disorder. The CELEa# be administered to individuals aged 5-
21 and consists of subtests measuring core languagpptive language, expressive language,
language structure, language content, language nyearoed working memory. For the purposes

of the current study, only the receptive and exgpveslanguage subtests from Word Classes
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were administered in order to obtain a measureiwkat language functioning. These two
subtests assessed each child’s understandingatibredhips between words with minimal
language demands. Results from these two sulgesesated scaled scores for receptive and
expressive language as well as a total languadedsseore.

The CELF-4 was normed on 2,650 youth aged 5-21sy@&0 from each age group from
5-17 and 50 from each age group from 17-21). Thgpgawas diverse in terms of age, gender,
race/ethnicity, and parental education. The tgsesious edition (CELF-3) did not include
students with disabilities in the norm sample; hesvethe current version’s norm sample was
comprised of youth in special education and youtlo were diagnosed with speech-language
disorders (9% and 7%, respectively).

Internal reliability estimates for subtests (.7@).&nd composite scores (.89-.95) were
adequate in the overall sample, as well as foclkinecal subgroups assessed (i.e., Language
Learning Disorder, Mental Retardation, Autism, &tehring Impairment). Test-retest reliability
scores completed on a subsample of youth (N = 8&{ests) after a delay of approximately 16
days produced scores above .90. Inter-rater i@ for the seven subtests, which required
subjective scorer judgment, ranged from .88-.99¢ckvkuggests that there is high inter-rater
agreement. Support for validity for the CELF-4 cenfirem factor analyses that resulted in high
correlations between the core language score aniahdividual indices, as well as between the
receptive and expressive subscales and their regpeomposite scores. In addition, there were
moderate correlations between the current editrmhthe previous editionThe receptive
language score was used in the subsequent antdysastrol for receptive language differences
between groups; the expressive and total languamyeswere reported for descriptive purposes

(Table 1).
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Child Behavior Checklist for ages 6-18 (CBCL/6-18; Achenbach & Rescorla, 2001).
The CBCL/6-18 is a commonly used parent-report tjpiesaire to assess the emotional and
behavioral functioning of children aged 6-18. T&CL consists of 113 questions, which
comprise 8 subscales (attention problems, soodl@ms, aggressive behavior, somatic
complaints, withdrawal symptoms, delinquent behayithought problems, and
anxious/depressed behavior). Parents rated chifdbehavior over the past six months on a 3-
point scale, with 0 = Not True, 1 = Sometimes om8what True, and 2 = Very True or Often
True. Individual items were summed to create tetakes for each of the subscales, and T-
scores were generated separately for each sulissdd on separate gender norms. The norm-
referenced sample was diverse in terms of sociaanstatus and race/ethnicity. The manual
listed information on reliability and validity, withigh internal consistency (Cronbachlpha
.54-.96 for ages 4-11), test-retest reliability=(.82-.95), construct validity, and criterion-reldt
validity. See Table 2 for sample means and stahdeaviations.

Social Responsiveness Scale, Second Edition (SRS-2; Constantino & Gruber, 2012).
The SRS-2 is a parent-reported measure that asséssgeverity of social difficulties in children
aged two-and-a-half to adulthood. The school-aga fis designed for parents of children aged
4-18 and was included in the current study onlytiier ASD group as a measure of autism
severity. The SRS-2, which was recently releasgu Western Psychological Services in
October 2012, is an updated version of the commosdy Social Responsiveness Scale (SRS;
Constantino & Gruber, 2005), which was designeldeip distinguish children with autism
spectrum disorder from those with other clinicalghioses. The sensitivity, or the ability to
accurately identify a diagnosis of ASD, of the SR& reported to be .85, and the specificity, or

the ability to exclude those without ASD, was répdrto be .75. Additionally, internal
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consistency of the SRS was reported to be .91th@nest-retest reliability was .84-.97, inter-
rater reliability was .76-.95, and convergent vi&fisdvas reported to be .35-.58 when compared
with the ADOS and ADI-R (Constantino & Gruber, 2005

Given that the SRS-2 was recently released in @ct®012 and limited research has
been conducted using this measure, reliabilityyseas were conducted on the sample of children
with ASD using coefficient alpha in order to assEsconsistency of scores within each of the
five treatment subscales. When interpreting tsalts, the greater the consistency of the items
within subscales, the higher the coefficient alphauld be. For the eight items that comprised
the Social Awareness subscales; .75; for the 11 items that comprised the SaC@gnition
subscaleg = .82; for the 22 items that comprised the SaC@inmunication subscale,= .92;
for the 11 items that comprised the Social Motwatsubscaley = .87; and for the 12 items that
comprised the Restricted and Repetitive Behaviobssalep = .88. These results indicate that
there was high internal consistency for all of tfe&atment subscales, which is consistent with the
data reported in the manual.

The SRS-2 is available for use in clinical and agsle settings as a screening measure or
as a way to assess the impact of a treatment iover it was normed on an ethnically diverse
sample of 1,906 children. The SRS-2 consists afésstions, and the scoring generates a total
score and five treatment subscale scores: socelea@ss, social cognition, social
communication, social motivation, and restrictetgtiasts and repetitive behavior. Sample items
from the SRS-2 include: “Is aware of what otherstainking or feeling,” “Shows unusual
sensory interests or strange ways of playing vays ' “Does not join group activities unless
told to do so,” “Walks in between two people whe talking, and “Talks to people with an

unusual tone of voice.” The total score and theas@ognition score were used in analyses for
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the current study. The parent who brought theddisilthe testing session completed this
guestionnaire, which took approximately 15 minut8ge Table 2 for sample means and
standard deviations.
Procedure

Typically developing twins

Three- and four-year-old testing At the beginning of each family's visit to thiayp
Lab at ages three and four, a trained graduatamgsassistant explained the purpose of the
study, confidentiality, risks, and benefits to gerent(s) prior to obtaining consent. A separate
consent form was signed to give permission to cttle buccal cells, which allowed for the
ability to acquire genetic information from the bsi The twins took turns being tested by a
trained examiner in a separate room away from teeiwin, with each child’s testing session
lasting about 10-15 minutes. | was trained onfzank tested twins at ages three and four;
therefore, | am familiar with the administrationtbfs protocol. As part of the testing block, the
children were administered two similar false betagks (outlined by Wellman & Liu, 2004) to
measure ToM abilities (see Appendix A for the TlysairMind Protocol at Ages 3 and 4). After
the twin testing sessions were completed, a 104@iparent-child interaction was recorded from
behind a one-way mirror without the presence oflabymembers. Three separate buccal cell
collections occurred over the course of the tedtiogk, once prior to each twin's testing session,
and a third prior to the parent-child interactidfollowing completion of the testing session, the
twins were each given gift bags and small pres@nts, toy figures, books, activity coloring
sets) as compensation for their participation. tadsks completed on the day of testing were

coded later by trained raters and double enterdad/byifferent research assistants. Only the
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data from the two ToM tasks from the test batteeyewused in the current study. Detailed
scoring procedures were outlined above.

Follow-up study. As part of the current study, families of 6- @year-old twins who
completed the ToM tasks at ages three and/or ®pad of SITSS (DiLalla, 2002a), as well as
those families whose children participated at agge dnly, were contacted and asked to
participate in this study. The data from the al@fdwho participated in SITSS at age five but
not age three or four were still used in the lagjady. These families were recruited and
contacted through direct mailings and phone cdfisaddition to these families, eight new
families were included whose children had not presiy participated in SITSS. A consenting
procedure similar to the one used in the youngar $tudy was used in the current study to
outline the purpose of the study, explain procesluised to maximize confidentiality, detail the
risks and benefits of participation, and describmgensation. All of the children whose
families participated in testing sessions at ageetland four already had buccal cells analyzed
following their initial visit(s) to the lab. Buctaells were collected during the follow-up study
from new children who were not previously part 6fSS. Children were administered a one-
hour-long test battery, which comprised the fivéViTimeasures, the receptive and expressive
subtests of the CELF-4, as well as other measarassess emotional development as part of a
larger study. Two trained testers (chosen eadlséssion from five graduate students, including
myself, and two advanced undergraduate studerstedt¢he twins, one by one tester and the
other by another tester in two separate rooms.

Compensation Funds were available to compensate the twinli@snivith $50 and a
$10, age-appropriate toy after completion of tHe¥e-up study, thanks to a grant obtained by

Dr. Lisabeth DiLalla through SIU's School of Mediei
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Children with autism spectrum disorder

Twenty-five boys with autism spectrum disorder (ASi&re recruited through the
Center for Autism Spectrum Disorders (CASD) on casipvhich was also where the testing
took place. All children whose parents agreedhéartchild’s participation underwent a
consenting procedure, which outlined the purpogb@ttudy, confidentiality, risks, benefits,
and compensation, prior to administering the fiedTmeasures and the receptive and
expressive subtests of the CELF-4. This testisgiea took approximately 30 minutes, which
included the five minutes needed to collect bucedlk, once at the beginning, once between the
ToM tasks and the CELF-4 administration (using @nterbalanced order), and once after the
testing protocol was completed. It should be noted there were only minor issues noted
during testing with this sample (i.e., inattentrequiring repetition of test questions), but
otherwise the testing protocol appeared to be tedrated by the children with ASD. In fact,
many reported that they thought the ToM tasks Wewrg or “kinda like games.” In addition,
the parent who brought the child on the day ofrigstompleted the Social Responsiveness
Scale, Second Edition (SRS-2; Constantino & Grub@t2) and the CBCL (Achenbach &
Rescorla, 2001), as well as a short demographistiqueaire which was used to generate an
estimate of socioeconomic status for descriptivippses.

Compensation | was awarded a dissertation research granteaffey The Autism
Program of lllinois (TAP) in the amount of $1000his award provided funding to process the
genetic samples, to purchase the SRS-2 questi@snaind to compensate the families who
participated at the CASD. | compensated theseliissnwith a $10 Walmart gift card and

provided small toys (worth $5 each) to all childkeith ASD following completion of the
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protocol. This level of compensation was advisg@ lcommittee member familiar with this
population as a reasonabtEmpensation for the twin families from SITSS.
Power Analysis

An a priori power analysis was completed with G*leow8 (Faul, Erdfelder, Buchner, &
Lang, 2009) by including the projected minimum shagize of the current study (62
participants), given the available sample in theasunding geographical area. This analysis
indicated that there would be sufficient power ¢ébedt a medium to large effect size. This is
consistent with past literature reporting significdifferences with large effect sizes. The
conventional value for power used in psychologreakarch to reject the null hypothesis is 80%
(Cohen, 1992), with alpha set at .05.

For hypotheses including bivariate correlationsgltulated that | would have 78%
power to detect a large effept£.30), given a sample size of 62 participants. Hygotheses
requiring a2 test, | calculated that | would have 79% poweddtect a large effect (w = .35)
with a sample of 62 participants. Lastly, for hifmses using MANOVA, | calculated that |
would have 84% power to detect a medium efféct (25), given a sample size of 62
participants.

For the single behavioral genetic analysis in Higpets 3a, G*Power 3 could not be used
to estimate power unless the frequency of the singtleotide polymorphism (SNP) in a
specific sample to be studied is known, which iswat. Furthermore, Schmitz, Cherny, and
Fulker (1998) indicated that 100 MZ and 100 DZ tsvare typically required to detect
significant genetic influence at the .50 level e@hhvioral genetic analyses. The current study

did not include 200 twins; therefore, results frins genetic analysis should be replicated in a
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larger sample. In sum, the current sample sizddvoel sufficient to detect any medium to large

relationship that existed for hypotheses 1, 2,2ind
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CHAPTER 4

RESULTS

Preliminary Analyses

None of the variables used in the analyses redjginerection for skewness or kurtosis
because either: 1) the variables were dichotonmu®) the variables were standardized using T-
scores. For Hypotheses 1 and 3, one randomlytedléein was chosen from each of the twin
families for the analyses in order to avoid vialgtihe independence of samples assumption. In
the analyses used in Hypothesis 2, one boy fror ®&@a pair with at least one male was quasi-
randomly selected (i.e., Twin 1 from each pair w@lected unless Twin 1 was female and then
Twin 2 was selected), resulting in a sample of 6¢sl(37 typically developing boys and all 25
boys with ASD). There was no difference betweeyugs for age of boys.

Group differences were significant for languagédigtsuch that typically developing
twins outperformed children with ASD on receptigaedguagelr(1, 67) = 35.63p < .001, and
expressive languagg(1, 67) = 42.89p < .001. In addition, there were significant group
differences in SES when only maternal educatiooypation, and income were included (there
was missing data from fatherg),1, 44) = 6.51p = .014. Because maternal education has been
shown to be related to verbal ability in childran, ANCOVA was run to compare receptive
language ability between groups after controlliagrhaternal education level and was
significant,F(1, 37) = 17.96p < .001. Since the group differences appear tadgely driven
by language differences rather than differencesaternal education, maternal SES was
reported for descriptive purposes only, especwilhgn the concern of low power, and was not
controlled for in any of the subsequent analys&typically developing twins were included in
Hypothesis 3a for the behavioral genetics anal¢sss Table 1 for total sample demographic

information).
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Development of Theory of Mind from Preschool to Midlle Childhood

Hypothesis 1 tested the understanding of sociatitiog in typically developing children
over time. Hypothesis 1a stated that the averajé gerformance from ages 3 and 4 would
predict performance at follow-up (i.e., one timénren ages 6 to 10). Hypothesis 1a was
analyzed using Spearman’s rho correlation coefitsiespecifically a nonparametric partial
correlation controlling for age, given the varyiages at follow-up. The variables included in
the analyses were the two ToM scores (memory anténts) from ages 3 and 4 and all five
ToM task scores at follow-up (see Table 3). Thenmgy scores at ages three and four were not
correlated with performance on any of the five Ttadks at follow-upi{ > .05), with the
exception that memory at age four was negativetyetated with the score on the real-apparent
emotion task at follow-up(38) = -.33,p = .04. The contents score at age three was not
correlated with the performance on any of the fagks at follow-upg > .05), but the contents
score at age 4 was negatively correlated with titbefollow-up ToM tasks, belief emotion and
real-apparent emotiop,< .05. Thus, ToM ability at age 4, especiallyfpanance on the
contents question, appears to be more relateduceffoM performance than performance at
age 3.

Hypothesis 1b stated that younger children in dlied-up sample would not pass as
many of the five ToM measures as older childrethencurrent study, thus generating a lower
overall score. Hypothesis 1b also was tested USpearman’s rho correlation coefficients. Age
(in months), the five individual ToM scores, ané thtal ToM score were the variables used in
this correlational analysis. Results showed tgatwas only positively correlated with the total
ToM score at follow-up for the combined samplg86) = .23,p = .03, but not any of the

individual ToM tasksi§ > .16). However, when the groups were separatatidgnostic status,
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age was positively correlated with performancehoad out of the five tasks (contents false
belief,p(61) = .33,p = .009, explicit false beliefh(61) = .40,p = .001, and real-apparent
emotion,p(61) = .34,p = .007) in the typically developing sample. Agasmot correlated with
performance on the belief emotion tag{gl) = .05,p = .70 or the understanding sarcasm task,
p(61) = .21 p =.10. There were no significant correlationsnssn age and ToM task
performance for any of the five ToM tasksX .25) for the children with ASD (see Table 4).
Thus, it appears that chronological age is impoffianthe development of advanced social
cognition in typically developing children but ndtildren with ASD.
Group Differences in Social Cognitive Abilities

Hypothesis 2 tested the group differences in ToMtis of children with and without
autism spectrum disorder. Hypothesis 2a statdccthiairen with ASD would not score as high
as typically developing children on all five meassiof ToM included in the current study given
their widespread deficits in social cognitive ai@s. Only boys from the typically developing
sample were included because all the childrener®8D sample were boys. Specifically, group
differences in ToM performance in Hypothesis 2aenested using a series of Chi-square tests.
Age was not controlled for because age was notfgigntly different between the diagnostic
groups as shown in the preliminary analyses secfidns resulted in a subgroup of 62 boys: 25
ASD boys and 37 boys from the twin sample who vegrasi-randomly selected (Twin 1 from
each twin pair was selected unless Twin 1 was feraadl then Twin 2 was selected). Five
separate Chi-square analyses were conducted usigigodtic status (i.e., typically developing or
ASD) and the score from each of the five ToM tastlinistered when boys were between the
ages of 6 and 10. Results indicated that typiaidlyeloping children outperformed children

with ASD on all five tasks. (see Table 5).
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Developmental progression of ToM abilities

Figure 1 shows the results of a profile plot of ¢ineup differences broken down by ToM
task. Although the twins outperformed the childvath ASD on all tasks, the order effects
between groups were not significant, with the exoepof the understanding sarcasm task.
These data are in contrast to previously publisksdarch suggesting that children with ASD
develop social cognitive abilities in a differemtler than typically developing children
(Wellman et al., 2011).

In addition, a reliability analysis was run in orde determine whether the performance
on any of the five tasks was markedly differennthay other. The total ToM score had a
Cronbach’s alpha of .60, which is fair, and altloé inter-correlations between tasks were
positive, ranging from .23-41. Importantly, thels did not improve if any of the items were
deleted, suggesting that these items are all conakyprelated to the broader construct of social
cognition. However, the inter-correlations were Jovhich reflect the heterogeneous nature of
this construct. Thus, the use of the total ToMreagas used in subsequent analyses as a way to
increase variability.
Language ability

In order to assess group differences on languaijeesty an analysis of covariance
(ANCOVA) was used to compare groups on languagéyahfter controlling for age. It should
be noted that the CELF-4 was not collected onitse20 twin families because this measure
was added after data collection began; therefbeesample for this analysis is smaller than the
sample used in the other analyses that do notdedloe CELF-4. In addition, consistent with
the other analyses investigating group differenorl; boys were used in this analysis to

minimize confounds. Thus, the total N for the tgdly developing sample with CELF-4 data
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was 21. Results showed that there was a signifgranip difference on CELF-4 language
ability, F(1, 51) = 23.60p < .001,n = .32, such that typically developing children agher
receptive language scaled scores compared to tloeechwith ASD even after controlling for
age (see Table 6).
Theory of mind

In order to test whether age and/or language wlnétter predicted total ToM score (i.e.,
the sum of the performance on all five of the tasksierarchical regression was used. CELF-4
receptive language scores and age were includgtk a®ntrol variables in Step 1 and group was
entered in Step 2 to predict overall ToM abilityuring the first stepH(2, 45) = 35.42p < .001,
adjusted?? = .61), receptive languagg € .88,p < .001) and age at follow-up € .43,p < .001)
were significantly related to the total ToM scaach that children with better receptive
language ability and older children scored highetlee ToM total score. In the second step,
diagnostic group was added to determine its e#ftet controlling for receptive language and
age. At this stepAR? = .03,p = .059), group/ = -.22,p = .059) was not predictive of ToM
total score at follow-up after accounting for reibeplanguage ability and agd;(@, 45) =
26.40,p < .001, adjuste®®’ = .63) (see Table 7).
Social and emotional functioning

Social-communication problems and restricted apétrgve behaviors are core deficits
in children with ASD, and emotional processingidiffties make navigating social situations
even more difficult for these children. Thus, hiypesis 2b stated that children with ASD would
have significantly more difficulties on the CBCLades related to social abilities (i.e., Social
Problems, Thought Problems, Withdrawal) and ematipnocessing abilities (i.e.,

Anxious/Depressed) but not other CBCL problem scéle., Aggression, Delinquency,
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Somatization) compared with typically developingaten. It should be noted that the CBCL
Thought Problems scale is believed to better measausual or odd behavior than thought
processing difficulty. In addition to these fouBCL subscales, Attention Problems was added
as a dependent variable following data collectioa tb the behavioral observations obtained
during the testing sessions indicating that sewahiddiren with ASD struggled with inattention
throughout the tasks. Hypothesis 2b was analyzetyjia MANCOVA, controlling for language
differences, to test whether groups significantffeded on the hypothesized CBCL scales.
Diagnostic status (typically developing or ASD) wesd as the independent variable, receptive
language score was used as the covariate, andssmothe CBCL scales were used as the
dependent variables. Results from the MANCOVA ¢atied that children with ASD were more
impaired on the Thought Problems subscale, and¢ramthe hypothesized direction were noted
in the Attention Problems and Anxious/Depressedesailles. There were no significant group
differences on the Social Problems and WithdrawprfBssed subscales (see Table 8).
Autism severity and ToM performance

Hypothesis 2c¢, which was analyzed only using ckiddwrith ASD, stated that autism
symptom severity, as measured by the treatmentaldsson the SRS-2, would be negatively
correlated with ToM abilities. Hypothesis 2¢c wasigzed using Spearman’s rho correlation
coefficients and included the scores on the figattnent subscales (i.e., social cognition, social
communication, social awareness, motivation, asttioted/repetitive behaviors) and the scores
on the five individual ToM items. In addition, &ariate correlation was conducted using the
total SRS-2 score and the total ToM score as vimsab

Results from the nonparametric correlations (sd#€l®) showed that lower scores on

explicit false beliefp(25) = -.46,p = .021, and real-apparent emotip(25) = -.56,p = .006,
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were associated with higher parent-rated sociahitivg difficulties. In addition, lower scores

on the real-apparent emotion task were associatbdwher parent-rated social communication
difficulties, p(25) = -.52,p = .008, and restricted/repetitive behavi@(@5) = -.44,p = .028.

Given the nature of nonparametric tests, low gtedispower may be influencing the ability to
detect significant relationships between theseabdes. Results from the bivariate correlation
between total ToM score and Total SRS-2 score atecthat there is a negative relationship
between these variable§25) = -.44 p = .028, suggesting that children with greateraoci
impairments do not pass as many ToM tasks. Itldh@einoted that correlations between the
SRS-2 treatment subscales and the understandicassatask could not be computed due to the
fact that none of the children with ASD in the @t study passed this task.

An exploratory analysis examined the correlatietwieen the CBCL scales that were
hypothesized to be related to ASD behaviors (AnsfiDepressed, Attention Problems, Social
Problems, Thought Problems, and Withdrawal) andescon Social Cognition, one of the
treatment subscales on the SRS-2 measuring pameotted social cognitive abilities. Results
showed that there were strong correlations betweescores on the Social Cognition subscale
from the SRS-2 and the Attention Problems (62,p = .001), Social Problems € .59,p =
.002), Thought Problems € .57,p = .003), and Withdrawal subscales=(.60,p = .001) from
the CBCL. A non-significant correlation was foulod the Anxious/Depressed subscale=(
.058).

Genetic Effects on Social Cognition

Hypothesis 3 tested whether broad heritabilify énd different genotypes of the DRD4

and 5-HTTLPR genes in particular would be relatepdrformance on ToM tasks. Hypothesis

3a stated that there would be significant heritgbibr ToM task performance. Specifically,
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Hypothesis 3a analyzed heritability of ToM abilitiey using intraclass correlations to correlate
Twin 1’s preschool ToM performance with Twin 2’sepchool ToM performance, separately for
MZ and DZ twins. Similarly, Twin 1's school-age@W score was correlated with Twin 2’s
school-aged ToM score, for each ToM task admiraestat follow-up and separately for MZ and
DZ twins. Then, the intraclass correlations fochetwin type were transformed into z-scores
using Fisher’s r-to-z transformation method. Néxésts were used to compare the z-scores for
MZ and DZ twins to test whether they were signifitta different from each other. Finally,
heritability was estimated using the following far@ outlined by Falconer (1960):
h? = 2(fwz - Ipz).
Behavioral genetic hypotheses

Results using Falconer’s estimates of heritabdity reported in Table 10. There were no
significant heritability estimates; however, therere two heritability estimates that were
significant at thg < .10 level: the school-age contents false balwef understanding sarcasm
tasks. In a few instances, the MZ correlation negative (e.g., contents at age four); thus, the
Falconer heritability estimate could not be comgdu#and the resulting heritability estimate was
zero. This pattern (DZ > MZ) suggests that theaffs driven by environmental factors rather
than genetic factors. For the contents false batd the understanding sarcasm tasks at follow-
up, the correlation between MZ twins was more tttamtimes greater than the correlation for
DZ twins. As a result, the MZ correlation is stitosed for I, and it is believed that dominant
genetic effects are at play in this situation. réhgas no evidence for heritability for the other
ToM measures.
Molecular genetic hypotheses

Hypothesis 3b used three sets (one for each geHd8 TAPR and DRD4] and one using
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both genes) of five Chi-square analyses -- 1) sdatple; 2) twins only; 3) ASD only; 4) males
only; and 5) females only -- to test whether claldwith risk alleles performed worse on ToM
tasks compared to those without risk alleles. €mlel was selected from each family to avoid
violating the independence of sample statisticaliagption. A breakdown of the frequency of
genotypes by diagnostic group can be seen in Tdbl8pecifically, the first set of five Chi-
square analyses tested whether children with thielg allele (versus 2 copies of the Bllele)
of the 5-HTTLPR polymorphism performed worse on Tp&tformance, analyzed for each ToM
task separately (see Table 12). The second $eeathi-square analyses were conducted to test
whether children with six or more repeats (versuth lalleles with fewer than six) in the DRD4
polymorphism performed worse on ToM performance]yaed for each task separately (see
Table 13). Lastly, the third set of five Chi-sqai@nalyses tested whether children with at least
one risk allele for both genes (5-HTTLPR and DRpdjformed worse than those who had at
least one risk allele for one gene but not therofhddTTLPR or DRD4) who in turn would
perform worse than those individuals with no riglas on each of the ToM tasks (see Table
14).

The genotypes were scored dichotomously for tis tiivo sets of analyses (5-HTTLPR
and DRD4), with a score of O indicating that themwes no risk allele present and a score of 1
indicating that there were 1 or 2 risk alleles pras For the third analysis using both 5-HTTLPR
and DRD4, the genotypes were scored trichotomouShpecifically, children with at least one
risk allele in both genes (i.e., 5-HTTLPR and DRR4¥e coded with a 2, children with only
one risk allele in one or the other gene (but mdhpwere coded with a 1, and children without
any risk alleles were coded with a 0. The taskgperance for all analyses was scored

dichotomously such that a score of O indicated teatchild failed the task and a score of 1
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indicated that the child passed the task. Ea¢heothree main molecular genetic analyses was
run five times using different samples: total saan(N = 86); all twins (N = 61); all children with
ASD (N = 25); males only (N = 62); and females ofNy= 33). In addition, three ANOVAs
were run to test for genetic effects on the totalfTscore for each gene separately and for the
triallelic combination of risk alleles using botHHI TLPR and DRD4 polymorphisms.
Genotype data were unavailable for one of the mvales; however, all of the gene data were
available for the remainder of the sample.
5-HTTLPR polymorphism

Significant results from the Chi-square analysegtie 5-HTTLPR genotype are reported
in Table 12. In the twin and female samples, theas a significant genotype effect for the
contents false belief task. In the male sampkyethvas a significant genotype effect for the
belief emotion task; however, this did not survB@nferroni correction. There were no other
significant genotype effects for the 5-HTTLPR pobtymhism.

Results from the ANOVA showed that there was naificant difference between those
with and without 5-HTTLPR risk alleles on total Talssk performance, (see Table 15).
DRD4 polymorphism

Significant results from the Chi-square analyseslfie DRD4 genotype are reported in
Table 13. In the total sample, there were no &mit effects for any ToM task. Analysis of
the subsamples indicated that the genotype efiietke twin sample for the explicit false belief
task and the belief emotion task were significarihap < .10 level and in the hypothesized
direction. In the ASD and male only samples, tiveas a significant genotype effect for the
contents false belief task. There were no otlgrifcant genotype effects for the DRD4

polymorphism.
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Results from the ANOVA showed that there was naificant difference between those
with and without DRDA4 risk alleles on total ToM kgserformance (see Table 15).
Triallelic combination of risk alleles from 5-HTTLP R and DRD4

Significant results from the Chi-square analysetuning both genes (5-HTTLPR and
DRDA4) are reported in Table 14. In the total samftlere were no significant effects for any of
the ToM tasks. Analysis of the subsamples indat¢hat there was a significant genotype effect
in the ASD sample for the contents false beligk.taBhere were no other significant effects for
the triallelic combination.

Lastly, the results from the ANOVA showed that theras no significant genotype effect

between risk allele groups when using both gendt®iotal ToM score (Table 15).
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CHAPTER 5
DISCUSSION

This study adds unigue and important contributionthe growing literature on the
psychological and genetic factors important fordegelopment of social cognition in children
with and without autism spectrum disorder. Theusion of children from a longitudinal study
provided an opportunity to analyze the developna¢isbcial cognitive abilities over time, and
the inclusion of twins allowed for the examinatmwimheritability of social cognition in this
sample. In the twin sample, age was related to Tad¥ performance; however, receptive
language ability, not age, was strongly relatetask performance in children with ASD.
Analysis of group differences showed that childneth ASD were markedly impaired on all
ToM tasks compared with typically developing pedfsirthermore, it appears that ToM abilities
progress differentially based on group membersimg, more advanced skills such as the
understanding of non-literal language, or pragmsatitay not develop in children with ASD
until after the age of 11. Parents of childrervASD reported social, emotional, and
behavioral difficulties on the CBCL in the hypotleesl areas (i.e., social problems, thought
problems, withdrawn/depressed, and attention pnablewhich suggests that the CBCL
provides useful supporting information for clinicgawho are assessing children with ASD. In
addition, the newly released SRS-2 appears tovadichand useful measure of autism severity
given its strong negative relation to ToM task parfance and positive relation to social,
emotional, and behavioral characteristics commeagn in children with ASD.

This study was one of the first of its kind to aizal genetic differences in children with
and without autism spectrum disorder using bothabieinal and molecular genetic approaches.
Although the behavioral genetic analyses were échdue to small sample size, the findings

suggest that some areas of social cognition are méiuenced by genetic influences than are
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other cognitive skills. Moreover, molecular genethalyses suggest that the more basic ability
to understand that others have thoughts, beliats ngental states that are different than one’s
own (as measured by the contents false belief tasly)be influenced by the underlying
biological pathways that regulate the productioserbtonin and dopamine, two
neurotransmitters that have been linked to socghttive abilities in previous studies of animals
and humans.
Development of Theory of Mind from Preschool to Midlle Childhood

Despite expectations that performance on falsetbigsks during preschool would be
positively related to advanced ToM abilities durmgldle childhood, findings did not support
this hypothesis. In addition, the few significaasults reported were in the opposite direction,
with children who failed false belief tasks durimgeschool being more likely to pass the two
emotion tasks during middle childhood. When takirtg account the order in which typically
developing children progressed through the tasks @ontents false belief > belief emotion >
real-apparent emotion > explicit false belief > ersfanding sarcasm), it could be that children
who did not pass the simplest task (contents taddief) at age 4 showed the most improvement
by middle childhood on the next two tasks (belimoéion and real-apparent emotion) in the
developmental progression. Most research in tieia has reported that children are largely able
to pass this type of task between the ages of Harkherefore, another explanation for these
results could be that children in the preschoolawho were tested shortly after their third
and/or fourth birthdays may have not yet mastehnedbility to pass false belief tasks given their
young age. Thus, it is possible that there wasemariability in the youngest age groups (e.g.,
ages three and four) than during middle childh@odl more significant and positive correlations

between preschool and school-age performance mayldegen found if children were tested
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shortly after their fifth birthday instead of théiird or fourth birthdays. The finding that
children who failed the contents false belief taskge 4 did better on the two tasks with an
emotional component at follow-up suggests that Tadiities develop in a non-linear pattern
over time in typically developing children (Wellm&nLiu, 2004; Wellman et al., 2011).

As expected, chronological age was positively egldb performance on ToM tasks in
typically developing children, which suggests ttiaitdren develop more advanced ToM abilities
along with increased knowledge and higher-ordesaeig abilities, skills also known to
improve with age (Leslie, Friedman, & German, 2004pwever, age was not related to
performance on the belief emotion and understanstingasm tasks in the twin sample. Low
power may have affected the ability to find sigraint results on the understanding sarcasm task,
especially since only a small proportion (14.5%}h&f typically developing children passed the
understanding sarcasm task given its difficultyelder school-age children.

In contrast, age was not related to any of the Tadks in the ASD sample. One possible
explanation is that other factors such as langaaggies are responsible for progressive
development of social cognition in children with B$ather than age-related brain maturation.
This finding is consistent with other studies assesadvanced ToM abilities in children with
ASD that included a measure of receptive verbditesi (Fisher, Happe, & Dunn, 2005;
Peterson et al., 2012; Scheeren, Rosnay, Koot,de8&g 2013). Studies investigating the
development of advanced social cognitive abilitesr time such as the current study are
especially important because so much of the previesearch on ToM abilities in children has
focused on false belief tasks (Wellman et al., 200herefore, this study provides more
information regarding ToM abilities in school-aggdldren when social demands begin to

increase.
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Group Differences in Social Cognitive Abilities

As expected, and consistent with most (BeaumonoBoBoff, 2008; Brent, Rios,
Happe, & Charman, 2004; Peterson et al., 2012;1SGhagps, & Gopnik, 2005; Wellman et al.,
2001), but not all (Scheeren et al., 2012) of ttevipus research in the area of advanced ToM
abilities, children with ASD performed worse on@lflithe ToM tasks when compared with
typically developing children. This study includiage advanced ToM tasks that were
previously included in other studies for the sakgemeralizability, including two tasks that
included an emotional processing component. Tim#rfgs that children with ASD performed
worse on all of the tasks provides support foradaformation processing theory, which states
that difficulties in social competence are relat@@oor social skills and difficulty processing
emotional information, and the ToM theory of ASDa(Bn-Cohen, 2000), which states that all
children with ASD have deficits in social cognitiabilities.

Analysis of the order in which children progrestieugh the ToM tasks did not reveal
a differential pattern based on group membershiih, thhe exception of the sarcasm task. As
predicted, the typically developing children penf@d significantly better than children with
ASD; however, there were no other detectable cgtfects based on type of task, except for the
fact that both groups performed worse on the sard¢ask than predicted. Further studies using
these tasks are needed to better understand te®dmental progression of social cognitive
abilities in typically developing children and ahién with ASD.

An interesting qualitative finding was noted durihg data collection of the boys with
ASD. A moderate proportion of children (38.5%) wikere completing the real-apparent
emotion task (i.e., asking the child to state hbevtioy in the story looked on his face and how

he felt inside) flipped over the stimulus sheet #feowed a picture of a boy from behind, as if to
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see how he looked on his face. Although data oetlhdr any of the twins performed this action
was not collected, a retrospective report suggabtedew, if any, of the children in the twin
sample performed this action. One possible explamé#or this finding in the ASD population is
that children with poor social skills often havéidulty processing emotional information such
as facial expressions. As such, these childrefaea taught in social skills groups to look at
others’ faces as a way to infer others’ mentakstafThis finding is consistent with a previous
study by Baron-Cohen and Goodhart (1994) on “seleiads to knowing.” The authors
postulated that children with ASD do better on sasltch as the real-apparent emotion task than
false belief tasks because they have likely beein®d” to know what a person’s face looks like
in certain situations (happy, sad, so-so). Thdaca is something that you can see to gather
information unlike someone’s mind, an abstract epicwhich cannot be seen. However, this
also suggests that these children lack abstrasbngag abilities given their lack of
understanding of how pictures work, which is cotesiswith prior research showing that
children with ASD are able to pass concept idesdtfon but not concept formation tasks
(Minshew, Meyer, & Goldstein, 2002).

For the children with ASD, the two false beliefkasvere second and third (explicit and
contents, respectively) in the developmental pregjom, the belief emotion task was fourth, and
the understanding sarcasm task was the most diffigith none of the children with ASD
passing this task. This differential pattern sggéhat not only are children with ASD delayed
in their ability to acquire social thinking abiés, but also the order in which these skills dgvelo
over time are different. This finding is espegiathportant to consider when designing and

implementing social thinking curricula, especiaflgkills are taught using a stepwise approach.
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In sum, the finding that the children with ASD perhed worse on all five tasks of advanced
ToM abilities is consistent with the ToM theoryASD.

When comparing groups, children with ASD performseghificantly worse on measures
of receptive and expressive language, a pattetrhdigabeen consistently shown in previous
research in this area despite no differences initgg abilities (Abu-Akel, 2003; Lackner et al.,
2010; Ozonoff et al., 1991). It should be noteat these differences were seen in this study
despite the fact that the five advanced ToM taskievehosen in part because they required
limited language abilities and included picturestpplement the oral instructions. Most
interesting, however, is that, after controlling &ge and receptive language ability, the group
differences on total ToM task performance wereamgeér significant. This finding suggests that
children with ASD should be given intensive receptiexpressive, and/or pragmatic language
instruction before, or in conjunction with, intentens seeking to improve social thinking skills.

Similarly, parent-reports of problem behaviors agaded that children with ASD had
greater social, emotional, and behavioral challergan typically developing peers. Children
with ASD were reported to have greater difficultiespecific areas related to a diagnosis of
ASD that can negatively impact the ability to engagsuccessful social interactions with peers.
Interestingly, the group differences in social peofts were not significantly different despite a
trend in the hypothesized direction. This coulddlated to low power or the fact that the
children with ASD in the current study were in risgleducation classrooms and, as such, did
not exhibit as many of the aberrant social behawvioecluded on the CBCL. Clinical elevations
on the Thought Problems and Withdrawn/Depressddssaggest that the items on these scales
may better represent the social, emotional, and\etal difficulties of higher functioning

children with ASD who spend the majority of the dayegular education classrooms. Due to
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the limited scope of this study, teacher-reporteblem behaviors were not included, but these
data should be collected in future studies onttipgc to determine whether similar patterns
emerge.

The SRS-2 was included in the current study asasuore of autism severity given the
strong psychometric properties and clinical utibfythe previous edition of the SRS. It was
hypothesized that the total score on the SRS-@ieHisas the scores on the five treatment
subscales on the SRS-2 (social awareness, sogitiom, social communication, social
motivation, and restricted and repetitive behayiomuld be negatively related to ToM task
performance. Although the sample was small, ségé@ng correlations emerged when
comparing parent-reported problem behaviors witraaded ToM abilities as measured by
performance during laboratory tasks. Performamcthe social cognition subtest from the SRS-
2 was negatively related to performance on theigkfhlse belief and real-apparent emotion
tasks. Given that these tasks were the easiegtsks for the children with ASD, this may
indicate that parent-report of social cognitiveligbis only useful for assessing lower-level
abilities. The limited significant findings withithis subscale also might indicate that parents
cannot predict their child’s thoughts based onrthehaviors; therefore, self-report or direct
observation may be more useful. However, giversthtung correlations between autism
severity level and ToM task performance, the SRBa® be a useful tool for assessing social
cognitive abilities through parent report when mimee-intensive laboratory testing is not
available. Furthermore, given that the SRS-2 8 aed, therefore, not well-studied, strong
correlations of the treatment subscale scores@atidcore with ToM task performance enhance

its validity. Due to limited time and resourcdsstmeasure was only given to parents of
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children with ASD. In future studies, the SRS-2@dd be completed by parents of typically
developing children given that autism severity sasured dimensionally on the SRS-2.
Genetic Effects on Social Cognition

It was expected that ToM abilities would be helgalwith higher correlations between
MZ twins compared with DZ twins, given some presa@upport for this pattern in the literature
(Hughes & Cutting, 1999; Scourfield et al., 199%he heritability hypothesis was not fully
supported in this study, which suggests that enuvirental factors may be more likely than
genetic factors to influence the development oleaded ToM abilities (Hughes et al., 2005), or
that the sample was too small to detect an eff€bere were some noteworthy trends in the
hypothesized direction (contents false belief andeustanding sarcasm) that were likely
affected by power. Therefore, it is possible #@he of the advanced ToM abilities included in
this study, specifically the easiest and mostaliftitasks, may be more influenced by genetic
factors than environmental factors at this age.

However, the finding that environmental experient@y be accounting for more of the
variation in social cognitive abilities in middlaitdhood may not be surprising. Briley and
Tucker-Drob (2013) recently published a meta-anslgkthe heritability of cognitive
development, which included data from 16 longitadlinvin and adoption studies. Previous
literature has shown that heritability is lower g@neral cognitive ability in early childhood and
increases linearly with age (Plomin, 1999; SpinBitinald, Harlaar, Price, & Plomin, 2003).
Specifically, the heritability for preschool-agduldren is estimated to be 20-30%, rising to
40% in middle childhood (9 years of age), 55% inlaslcence, and increasing to about 66%
during early adulthood. Thus, it is likely thaistipattern holds for social cognitive abilities as

well. Plomin & DeFries (1985) coined the termsrimvation” and “amplification” to help



80

describe the phenomenon that heritability of cogaiabilities increase with age. Amplification,
or the idea that early genetic factors relatedhéodevelopment of cognitive abilities may
become more important later in the selection ofremwments, may account for the size of the
heritability estimate seen in this study for thatemts false belief task, the most basic ToM
ability. The findings from the meta-analysis byl& and Tucker-Drob (2013) are consistent
with the theory that the genetic influences thatesent in early childhood are primarily novel,
and they become amplified as children get oldem.ti@ other hand, innovation, or the increase
in heritability due to novel genetic factors no¢yiously present or activated, may be
influencing the trend noted for the understandaxgasm task. Mastering this task requires an
understanding of non-literal language, which iaat skill that begins to develop in middle
childhood and adolescence. Thus, according tthén@ry by Plomin and DeFries, the genes
influencing the development of an understandingas€asm are being “turned on” for the first
time. Follow-up studies are needed to test thesith

For a few of the ToM tasks, the correlation for Mdns was lower than the correlation
of the scores on the same task for the DZ twins¢hviinderscores the importance of
environmental influences on behavior. One posskfganation for this finding is that early
environmental factors (e.g., prenatal environmerdy affect brain development in such a way
that the genetic similarities in MZ twins are oveadowed by environmental differences.
Another possibility is that MZ twins may not betieiag anything new from their genetically
identical co-twin if they are sharing friends orgpapating in similar activities together. DZ
twins, on the other hand, who are genetically nikeenon-twin siblings, may be choosing
different environments (e.g., peer groups or a#s), thus exposing themselves to different

attitudes, beliefs, and desires. Previous stunfiiseory of mind in twins with and without other
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siblings have shown that twins without other sigpfirperform worse than twins with at least one
sibling and have comparable scores to only childvighout siblings (Cassidy, Fineberg, Brown,
& Perkins, 2005). In addition, performance wasdied when the sibling was older and of the
opposite sex, which suggested that the more diftdhe experiences of the older sibling are, the
better the child’s performance on theory of mingktga

It was expected that results from the moleculaegeranalyses would show that children
with risk alleles in either or both of the 5-HTTLRIRd DRD4 genes would perform worse on
ToM tasks than those without risk alleles basegrmwious findings (Lackner et al., 2010, 2012,
Skuse & Gallagher, 2011). Findings from the curstady indicated that serotonin and
dopamine risk alleles may not play an influent@eérin the developmental of advanced ToM
abilities. There were some limited significantdings, specifically related to performance on
the contents false belief task in relation to tH023 polymorphism for children with ASD.
Additionally, there were a few trends in the hymsilzed direction such that individuals with
risk alleles in either or both of the 5-HTTLPR oRD4 polymorphisms performed worse than
those with fewer or no risk alleles. In generag tindings in the current study provide support
for the idea that biological pathways involving dagne in the brain are necessary for the
understanding of advanced ToM abilities in boys ianchildren with ASD. This is consistent
with the findings of Lackner and colleagues, whoorted a link between DRD4 risk alleles and
performance on theory of mind tasks in preschodleaskner et al., 2010; Lackner et al., 2012).
Future studies with larger sample sizes are netxdgdther investigate whether serotonin and
dopamine are related to the development of high#geracognitive processes such as advanced

ToM abilities.
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Clinical Implications

The field of social thinking has become increasingbre important given the dramatic
rise in prevalence rates of ASD in recent yearssite the gravity of this problem, the number
of evidence-based interventions used to treatcditiies in social cognition is not keeping up
with the demand. However, a few high-quality in&rtions have demonstrated a strong
evidence base recently, including the Social Tmglgurriculum (Winner, 2002) and the UCLA
PEERS program_L@ugeson, Frankel, Mogil, & Dillon, 2009)The Social Thinking program
attempts to teach high-functioning children with[ASocial decision-making skills in vivo
rather than through typical social skills groupgsbrief report measuring the effectiveness of the
Social Thinking intervention examined the outcoroksix males with Asperger syndrome
following the implementation of this approach, whimccurred over the course of eight weeks
(Crooke, Hendrix, & Rachman, 2008). Findings iaded significant improvements across
several areas assessed, including the integratiwhat one hears and sees others say and do,
initiation of social overtures, and use of apprafwiverbal responses, as well as decreases in
inappropriate verbal and nonverbal responses.

The other widely used evidence-based social skilésvention for children with ASD is
the UCLA Program for the Education and EnrichmdriRelational Skills (PEERS), which is a
14-week program targeted for middle school and kidiool students who are interested in
learning how to develop and maintain friendshiRgsearch has shown that this program is
efficacious and long-lasting, as evidenced by inapneents in social responsiveness, social
communication, social cognition, cooperation, ai a®decreases in restricted and repetitive
behaviors in adolescents with ASD, as reportecebgliersi(augeson et al., 2009 These

effects persisted at a 14-week follow-up assessthengeson, Frankel, Gantman, Dillon, &
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Mogil, 2012. Modifications to current social skills currieudnd future interventions should
incorporate developmentally sensitive researchirigglrelated to social cognition such as the
findings from the current study in order to maxientzenefits for children who participate in
them.

However, interventions such as these may not bt for symptom reduction.
Given the findings from this and other related ss@n advanced cognitive abilities in children
with ASD, more rigorous assessment and treatmegth@aequired for optimal gains.
Specifically, more advanced tools, such as genotyms well as a thorough speech and
language evaluation, may help determine the lefvelilmerability with which each child is
presenting prior to beginning an intervention. $#a@n monogenic disorders, such as Fragile X
disorder, the most common known genetic causetirapare helping to progress the field by
increasing knowledge of how genetic variations méyence the development of human
behaviors (Losh, Martin, Klusek, Hogan-Brown, & &id, 2012). More detailed information
related to an individual’s strengths (e.g., incesgbgerbal skills) and weaknesses (e.g., presence
of a risk allele) could be used to design tailaredtments with more targeted goals.

Strengths and Limitations

The current study has many important strengthsateahoteworthy. First, the inclusion
of a longitudinal study of twins allowed for theilélp to conduct longitudinal and behavioral
genetic analyses within the same study. Secordsdple included a high-functioning group
of children with ASD in middle childhood, which @ important age for social development and
one that has only recently begun to be investigatestly, the inclusion of a range of advanced
ToM tasks that are low in verbal demands incretsefikelihood that group differences are not

confounded by differences in the ability to undanstt or complete the tasks.
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Although the current study has many important gfties) it is not without limitations.
First, the sample size was not large enough towdrtgehavioral genetics analyses with
sufficient power. Additionally, the longitudinahalysis of ToM performance from preschool to
school-age was also under-powered due to the Isporese rate of families over time.

However, the current sample size was sufficiemteti®ct moderate to large effects when
analyzing group differences.

Second, due to time and resource limitations, atbgnitive measures such as
intelligence tests, memory tests, and/or executimetioning measures were not given as a way
to test and control for potential group differengethese areas and to illustrate the dissociation
between cognition and social cognition. Howeveeyus studies have reported that, even after
controlling for IQ and executive functioning abi#s, children with ASD are still more impaired
than their typically developing peers (Abu-Akel 03) Lackner et al., 2010). Given the limited
number of studies on advanced ToM abilities in Higtctioning children with ASD, however, a
brief cognitive screening and/or other neuropsyotichl measures (e.g., memory) should be
included to further clarify the neurocognitive fat important for the development of social
cognitive abilities. Specifically, memory testswia be important to include in future studies of
social cognitive abilities given that specific regs of the brain associated with memory overlap
with the areas of the brain associated with foumfoof self-projection: episodic memory,
prospection, theory of mind, and navigation (Buck&eCarroll, 2007). The authors suggested
that in order to successfully engage in sociaradgons, an individual must think about what
might happen in the future (prospection), rementieir own past behaviors, take the

perspective of others, and then navigate, or “fiver way” through a social interaction. Thus,
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from a cognitive psychology perspective, ToM isidetd to be a type of self-projection that
relies on remembering what happened in the pastder to plan future behavior.

Third, the parents of typically developing childneare not asked to complete the SRS-2
due to time and resource limitations despite tletfeat data from this measure would have been
useful in further analyzing group differences, aslas providing data to support the validity of
the SRS-2. Fourth, it is possible that differenicethe length of the testing protocols for each
group could have confounded the results. Howehes s very unlikely given that the children
with ASD consistently performed worse on ToM anugiaage tasks despite the reduced time
required to complete their testing compared tawhes. Moreover, considering that the children
with ASD in this study were chosen because theptspeich of their day in the regular
education classrooms, it also is unlikely thatedighces in the length of the testing battery «f thi
magnitude would have affected their performancendteally.

Lastly, the age range of children included in #tisdy limited the opportunity to analyze
performance on the understanding sarcasm tasklngooups given its level of difficulty for
school-age children. Moreover, a previous studphgnoff et al. (1991) reported that children
with high-functioning ASD were able to pass morgatted ToM tasks by adolescence;
however, the upper end of the age range in théd/sttas pre-adolescence, which precluded the
ability to test this relationship. Thus, thes&ksashould be administered to an older sample of
children with and without ASD in future studiesdrder to determine the approximate age at
which children develop an understanding of nornditéanguage such as sarcasm or irony.

Future Directions
The current study used explicit/direct tasks to suea advanced ToM abilities.

However, future studies should include implicitinedt tasks in addition to explicit tasks as a
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way to eliminate language demands given the ditiesiin receptive and expressive language in
many children with ASD. Although typically usedtivinfants and younger children, implicit
tasks have the benefit of being less cognitivelyaeding, which would allow for the analysis of
more fine-grained differences in social cognitibdiies once language and cognitive demands
have been minimized (Apperly & Butterfill, 2009 addition, researchers including both
implicit and explicit tasks would have the opporturio compare the performance on these two
tasks to each other as a way to see if they aertreasuring the same broader construct of
social cognition. If they are related, the findirfigpom the studies of younger children using
implicit tasks would have more support, and intatwans for young children could begin earlier
once abnormalities in the development of sociahdoge abilities are identified.

This study included five advanced ToM tasks thatenselected because they tapped
related but unique aspects of social cognitionraadired limited language demands on the part
of the examinee. Previous studies on this tofiigilimited, have used a surprisingly large
number of different types of tasks to measure trestuct of social cognition including strange
stories, vignettes, pictures, and silent filmstuFe studies should incorporate as many of the
non-redundant tasks related to social cognitiopassible to explore the factor structure of the
construct of social cognition using factor analyéchniques. The factors identified in such a
psychometric study should be used in future stualiethis topic.

Lastly, given that children with ASD were able t@sp the real-apparent emotion task
more easily than any other task and nearly 50%etitne, future studies should include a more
advanced emotion such as surprise to increaseftloailtly level of the task for both children

with ASD and typically developing peers.
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Conclusion

The ability for children to integrate informatiob@ut others’ perspectives, emotional
states, and behaviors is essential during sucdesxfial interactions with peers. Findings from
the current study suggest that children with ausgectrum disorder (ASD) have more difficulty
completing tasks that require them to take anosh@etspective than do typically developing
peers. Neurobiological and genetic factors mawnfheencing the observed group differences,
including the delayed onset of skill developmestywell as the differential order in which these
skills emerge. Furthermore, age is a crucial faictothe development of more advanced social
cognitive abilities in typically developing childrewhereas verbal ability appears to be an
influential factor in children with ASD. Analysi the development of these skills over time
provides useful information for both groups abooiviand when to intervene when children are
exhibiting social difficulties in middle childhoodlhus, this study provides support for the fact
that implementing developmentally appropriate esrgrventions may be the most promising

way to improve the quality of social interactiongypically and atypically developing children.
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Table 1

Sample Demographic Information

Twins (N= 127) ASD (N = 25)
N M SD Range M SD Range

Age 62 8.07 1.56 6-11 8.69 1.29 6-11
SES 62 8.21 1.68 4-11 7.68 2.18 4-10
Language Ability

Receptive 43 10.99 2.31 3-17 6.46 4.21 1-13

Expressive 43 11.34 253 5-16 6.23 3.79 1-13
Intellectual Ability

Verbal 1Q 9 -- -- -- 86.56 6.25 77-96

Non-verbal 1Q 12 -- -- -- 96.92 15.93 63-112

FSIQ 10 -- -- -- 90.00 9.50 70-107

Note SES: socioeconomic status; Language ability waasured using the Clinical Evaluation
of Language Fundamentald! Edition (CELF-4).

&Group differences were significant for receptive arpressive language abilitigss (< .001)
but not for age and SE®q > .05).



Table 2

Means and Standard Deviations for Parent-RepoiReablem Behaviors

89

Twins (n = 62) ASD (n =25)

CBCL? M SD Range M SD Range
Attention 52.85 6.57 50-78 64.84 12.36 51-100
Social 52.73 5.05 50-73 58.80 8.34 50-85
Thought 53.72 6.38 50-73 64.12 10.05 50-83
Anxious/Depressed 53.68 6.34 50-75 57.80 8.95 50-78
Withdrawal 52.17 4.20 50-73 59.84 8.80 50-79

SRS-2

Social Cog -- -- -- 67.00 12.25 42-90
Social Aware -- -- -- 67.31 12.41 42-90
Social Comm -- -- - 68.15 12.97 45-90
Motivation -- -- -- 63.23 12.65 46-90
RRBs -- -- -- 71.12 13.19 48-90
SRS-2 Total Score -- -- -- 69.65 12.50 46-90

2Child Behavior Checklist, Parent-report; T-scor@0<= Within normal limits; 60-69 = Borderline; >Z0Clinical.
Group differences exist for all subscales of CB@ted above” Social Responsiveness Scale-2, Parent-report;
Subscales: Social Cognition, Social Awareness,g@mmmunication, Motivation, Restricted/Repetitive
Behaviors; T-score < 59 = Within normal limits; ¢ese: 60-65 = Mild range, mild to moderate soaiabairment,
T-score: 66-75 = Moderate range, clinically sigrafit impairment, T-score > 76 = Severe range, staTdi with

Autistic Disorder.
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Partial Nonparametric Correlations Controlling fékge for Preschool and School-Age ToM

Memory Memory Contents Contents

Age 3 Age 4 Age 3 Age 4
School-age ToM Task

(n =33) (n =38) (n=33) (n=38)
Contents False Belief -.24 .01 -.12 -.09
Explicit False Belief 13 .26 23 29
Belief Emotion -.03 -.16 .23 -.31*
Real-Apparent Emotion .18 -.33* 27 -.37*
Understanding Sarcasm -.08 A7 22 -.22

"p=.069, *p< .05
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Table 4

Partial Nonparametric Correlations between Age &wtformance on ToM Tasks

Age in months

Twins ASD Total Sample

N =62 N =25 N = 86
ToM 1 33** .06 15
ToM 2 A40** -.22 A1
ToM 3 .05 24 -.00
ToM 4 34** -.13 14
ToM 5 2T - 14
Total ToM D1 -.02 23*

Note ToM 1: Contents false belief, ToM 2: Explicit $al belief; ToM 3: Belief emotion; ToM 4:
Real-apparent emotion; ToM 5: Understanding sarcasone of the children with ASD passed
the understanding sarcasm task; therefore, a atioelcould not be computed.

"p<.10, *p < .05, *p < .001.



Table 5

Chi-square Analyses for Group by ToM Task PerforreaiiN = 62) with Males Only.

5a. Contents False Belief

92

Fail Pass Total
Twin 6 (16%) 31 (84%) 37
ASD 15 (60%) 10 (40%) 25
Total 21 (34%) 41 (66%) 62
5b. Explicit False Belief

Fail Pass Total
Twin 6 (16%) 31 (84%) 37
ASD 14 (56%) 11 (44%) 25
Total 20 (32%) 42 (68%) 62
5c. Belief Emotion

Fail Pass Total
Twin 5 (14%) 32 (86%) 37
ASD 16 (64%) 9 (36%) 25
Total 21 (34%) 41 (66%) 62
5d. Real-Apparent Emotion

Fail Pass Total
Twin 6 (16%) 31 (84%) 37
ASD 13 (52%) 12 (48%) 25
Total 19 (31%) 43 (69%) 62
5e. Understanding Sarcasm

Fail Pass Total
Twin 28 (76%) 9 (24%) 37
ASD 25 (100%) 0 (0%) 25
Total 53 (85%) 9 (15%) 62
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Group x Contents false belief task was significxA(1, N = 62) = 12.77p < .001.
Group x Explicit false belief task was significart,(1, N = 62) = 10.81p = .001.
Group x Belief emotion task? (1, N = 62) = 16.98p < .001.

Group x Real-apparent emotion ta&k(1, N = 62) = 8.99p = .003.

Group x Understanding sarcasm task(1, N = 62) = 7.11p = .008.
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Table 6

Group Differences on Receptive Language FunctioAiftgr Controlling for Age (Males Only)

Twins (N =29) ASD (N = 25)

M (SD) M (SD) F p

Receptive Lang 11.24 (1.64) 6.56 (4.26) 23.60 4.00
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Table 7

Hierarchical Regression Analysis Predicting TotalM Score from Language Ability, Age, and
Diagnostic Group (N = 46)

Total ToM Score at Follow-Up

Predictor B SEB B AR?

Step 1 B2*r*
Receptive Lang .34 .04 .88¥**
Age .04 .01 Are

Step 2 03"
Diagnostic Group -.66 .34 -22

Note For diagnostic group classification purposesTnin, 1 = ASD.
Full model:F(3, 45) = 26.40p < .001, adjusted &= .63.
"p=.059, **p < .001.



Table 8

MANCOVA Results for Groups Differences on CBCL &lbs for Males Only

Twins ASD
(n=37) (n=25)

CBCL Subscale M (SD) M (SD) F P n?
Anxious/Depressed 54.41 (6.46) 57.80 (8.95) 3.80057 .048
Attention Problems 54.14 (6.79) 64.84 (12.36) 763. .058 243
Social Problems 55.57 (6.88) 58.80 (8.34) 49 87.4 .044
Thought Problems 54,70 (5.46) 64.12 (10.05) 6.58013 274

Withdrawn/Depressed 53.89 (5.29) 59.84 (8.80) 412. .126 156
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Table 9

Nonparametric Correlations Between ToM Task Pertoroe and Parent-Rated Problem
Behaviors

Parent-Rated Problem Behaviors

Social Social Social Motivation  RRBs
Awareness Cognition  Comm

ToM Task

Contents False Belief -.31 -.12 -.28 -.15 -.05
Explicit False Belief -.34 -.46* -34 -.20 -.26
Belief Emotion -.24 -.26 -.18 .01 -.35
Real-Apparent Emotion -.38 -.54** -.52%* -.30 -.44*

Understanding Sarcasin - -- -- - -

Note Social Comm = Social Communication; RRBs = Retd and Repetitive Behaviors.

#None of the children with ASD passed the undeditansarcasm task; therefore, correlations
could not be computed.

"p<.10, *p< .05, * p<.01.



Table 10

Falconer’s Estimates of Heritability for ToM scores

Variable Fiz Moz h® z
N=12 N =28

Preschool Scores:

Contents Age 3 32 21 22 31

Contents Age 4 -.34 A1 0 -1.20

Memory Age 3 -.24 A1 0 -91

Memory Age 4 AT* .07 A7 1.13

School-age scores: N=18 N =47

Contents False Belief 46* .08 46 1740

Explicit False Belief .29 ABF** 0 -.67

Belief Emotion -21 .06 0 -91

Real-Apparent Emotion .23 A2 22 .38

Understanding Sarcasm .38* -.02 .38 1.41

Note h = 2(fyz - Ioz). If rvz is greater than 2 times larger thag, thf = ryz.

"p=.08, *p<.05, *p=.001
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Table 11

Frequency of Genotypes by Diagnostic Group

Genotype

SHTTLPR Risk Allele

SHTTLPR No Risk Allele

DRD4 Risk Allele

DRD4 No Risk Allele

Risk Allele in Both Genes

Risk Allele in Only One Gene

No Risk Allele in Either Gene

Twins (N = 37) ASD (N = 25)
12 (32%) 21 (84%)
25 (68%) 4 (16%)
12 (32%) 8 (32%)

22 (59%) 17 (68%)
11 (30%) 8 (32%)
16 (43%) 13 (52%)
9 (24%) 4 (16%)




Table 12

Chi-square Analyses of 5-HTTLPR Risk Alleles by Pa¥formance

12a. Contents False Belief (Twin sample; N = 61)

100

Fail Pass Total X?
No Risk Allele 7 (58.3%) 5 (41.7%) 12 5.15 1023
1 or 2 Risk Alleles 12 (24.5%) 37 (75.5%) 49
Total 19 (31.1%) 42 (68.9%) 61

12b. Belief Emotion (ASD sample; N = 25)

Fail Pass Total X?
No Risk Allele 1 (25%) 3 (75%) 4 3.14 076
1 or 2 Risk Alleles 15 (71%) 6 (29%) 21
Total 16 (64%) 9 (36%) 25
12c. Contents False Belief (Females only; N =33)

Fail Pass Total X?

No Risk Allele 5 (71%) 2 (29%) 7 5.80 016
1 or 2 Risk Alleles 6 (23%) 20 (77%) 26
Total 11 (33%) 22 (67%) 33
12d. Belief Emotion (Male only sample; N = 62)

Fail Pass Total X?
No Risk Allele 2 (10%) 19 (90%) 21 4.40 .036
1 or 2 Risk Alleles 14 (34%) 27 (66%) 41

Total 16 (26%) 46 (74%) 62




Table 13

Chi-square Analyses of DRD4 Risk Alleles by ToMdPerance

13a. DRD4 Risk Allele by Explicit False Belief Winh sample; N = 61)

101

Fail Pass Total X?

No Risk Allele 4 (33%) 8 (67%) 12 3.04 .081
1 or 2 Risk Alleles 30 (61%) 19 (39%) 49
Total 34 (56%) 27 (44%) 61
13b. DRD4 Risk Allele by Belief Emotion (Twin satapN = 61)

Fail Pass Total X?
No Risk Allele 3 (30%) 7 (70%) 10 3.21 .073
1 or 2 Risk Alleles 31 (61%) 20 (39%) 51
Total 34 (56%) 27 (44%) 61
13c. DRD4 Risk Allele by Contents False Belief (ASample; N = 25)

Fail Pass Total X?
No Risk Allele 7 (41%) 10 (59%) 17 7.84 .005
1 or 2 Risk Alleles 8 (100%) 0 (0%) 8
Total 15 (60%) 10 (40%) 25
13d. DRD4 Risk Allele by Contents False Belief (&&aonly; N = 61)

Fail Pass Total X?
No Risk Allele 10 (48%) 11 (52%) 21 3.70 .055
1 or 2 Risk Alleles 29 (73%) 11 (27%) 40

Total 39 (64%) 22 (46%) 61




Table 14

Chi-square Analyses of Trichotomous Risk Allele$diy Performance

14a. Trichotomous Risk Alleles by Contents FalskeBEASD sample; N =25)

102

No Risk Allele
1 or 2 Risk Alleles in Either Gene
1 or 2 Risk Alleles in Both Genes

Total

Fail Pass Total X° P

2 (50%) 2 (50%)4 8.01 018
5(38%) 8 (6298
8 (10096)(0%) 8

15 (60%) 10 (40% 25
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Table 15

ANOVA Results forGenotype on ToM Performance (N = 86)

ToM Performance

Gene F p
5-HTTLPR .79 376
DRD4 40 529

5-HTTLPR & DRD4 .59 557
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Profile Analysis Plot of ToM Performance by Group

v Croup
— Twin
—— ASD
B

iy

A4

Estimated Marginal Means

27

ToM_task

Figure 1 Profile analysis of group differences in taskfpenance.
Note Task 1: Contents false belief; Task 2: Expliaist belief; Task 3: Belief-emotion; Task 4:

Real-apparent emotion; and Task 5: Understandiragasan.
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Date

Appendix A

ID Number

Age of Children

DOB

Demographic Information Sheet

Your relationship to the children (Mother or Fath@ease note if adoptive

parent):

Your Age:

Marital Status

Single, never married Married Divorcegésated
Widowed Living with a significant other

Approximate Total Family Income

Less than $5,000 $20,000-25,000 __40,080-45,000

___$5,000-10,000

$25,000-30,000 _$45,000-50,000

122

$10,000-15,000 $30,000-35,000 __ 50,090-55,000
$15,000-20,000 $35,000-40,000 __ver 665,000
Race of Child’s Parents: Mother Father
Race of Children in Study:
Occupation Finished Attended Years of College
High School?| College? College Degrees
(undergraduate (AA, BA, etc.)
& graduate)
Self Yes Yes
No No
If yes, please| If yes, please
continue continue
-> -->
Spouse or Yes Yes
Significant No No
OtherlE If yes, please| If yes, please
living in continue continue
home with -> -->
children

Siblings of Children in the Study




Please start the list with ti@_DEST sibling and move to theOUNGEST.
(Please do nanclude the children in the study)
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First Sibling Second Third Sibling Fourth Fifth Sibling
Sibling Sibling
Birth Date
Circle any Half-sibling | Half-sibling | Half-sibling | Half-sibling | Half-sibling
that may Step-sibling | Step-sibling | Step-sibling | Step-sibling | Step-sibling
apply Adopted Adopted Adopted Adopted Adopted

Please list everyone in your household and th&itiom (e.g., father, grandmother, etc.) to the
children in the study. (First names only, examplen — grandfather)

We are interested in whether changes in the familgh as divorce or remarriage, affect your

children’s behaviors. Therefore, the following itevill help us to understand when these things
may have happened in your family and how they méyence your children.

If applicable, please indicate if you have evembeorced or remarried and the year this

occurred.

Not applicable

Divorced

Year

Year

Remarried

Year

Year
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Appendix B

Theory of Mind Protocol (Age 3 and 4 Testing)

Theory of Mind | (Playdoh container filled with gf@ns)

Show the child the box and sayVhat do you think is in this Playdoh container? Then

show the child the contents of the boXVHat are these? (Name the items if the child does not
know or gives an incorrect response), then s@hén | first showed you this Playdoh
container before | opened it, what did you think wa in it?” Let the child respond, and then
say: ‘If | show this container to (name of child’s twin @ brother/sister), what would s/he

say isin it?

Theory of Mind lI(Crayon box filled with blocks):

Show the child the box and sayVhat do you think is in this crayon box? Then show the
child the contents of the boxWhat are these? (Name the items if the child does not know or
gives an incorrect response), then sayhen | first showed you this crayon box before |
opened it, what did you think was in it? Let the child respond, and then salf:1“show this

box to (name of child’s twin or brother/sister), what would s/he say is in it?
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Appendix C
Theory of Mind Protocol (Current Study)

Task 1: Contents False Belief

Tester shows child a clearly identifiable Playdolntainer filled with crayons inside the
closed container and says$jére’s a Playdoh container. What do you think is iside this
Playdoh container? The Playdoh container is then openddet's see...it's really Q-tips
inside!” The container is closed and the tester then d€Xsay, what is in the Playdoh
container?’

Next, a toy figure of a boy is produced, and #stdr says,Peter has never ever seen
inside this Playdoh container. Now here comes PeteSo, what does Peter think is in the
box? Playdoh or Q-tips? Did Peter see inside thisox? If | were to ask (name of co-twin or
a familiar peer at school) what was inside this cdainer, what would s/he say?

Task 2: Explicit False Belief

The child is shown a toy figure of a boy and aetloé paper with a backpack and a closet
drawn on it. Here’s Scott. Scott wants to find his mittens. Hisittens might be in his
backpack or they might be in the closet. Really, $tt's mittens are in his backpack. But
Scott thinks his mittens are in the closet.

The tester then asks the chil&gd; where will Scott look for his mittens? In his
backpack or in the closet? Where are Scott’'s mittesireally? In his backpack or in the
closet?

Task 3: Belief-Emotion

The child is shown a toy figure of a boy and adleidentifiable individual-size

Cheerios box with rocks inside the closed bdkere is a Cheerios box, and here is Teddy.
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The tester pretends to be Teddy and salysddy says, ‘Oh good, because | love Cheerios.
Cheerios are my favorite snack. Now I'll go play. The tester then puts Teddy out of view of
the child.

Next, the tester opens the Cheerios box, anddhegts are shown to the child:et’s
see...there are really rocks inside and no Cheerio$here’s nothing but rocks” The
Cheerios box is closed, and the tester saykay, what is Teddy’s favorite snack?

The tester brings Teddy back out, and the tesies, STeddy has never ever seen inside
this box. Now here comes Teddy. Teddy’s back, antld snack time. Let's give Teddy this
box. So, how does Teddy feel when he gets this bd*&ppy or sad? The tester opens the
Cheerios box and lets the toy figure look insidd says, How does Teddy feel after he looks
inside the box? Happy or sad?

Task 4: Real-Apparent Emotion

A child is shown a sheet of paper with three fadrasvn on it—a happy, a neutral, and a
sad face—to check that the child knows these emaliexpressions. Then that paper is put
aside, and the task begins with the child beingwha cardboard cutout figure of a boy drawn
from the back so that the boy’s facial expressiemot be seen. The tester then sajhis’
story is about a boy. I'm going to ask you about he to boy really feels inside and how he
looks on his face. He might really feel one way it but look a different way on his face.

Or, he might really feel the same way inside as Heoks on his face. | want you to tell me
how he really feels inside and how he looks on Higce”

Then, the tester reads the following storyhis story is about Matt. Matt’s friends
were playing together and telling jokes. One of thelder children, Rosie, told a mean joke

about Matt and everyone laughed. Everyone thought ivas very funny, but not Matt. But,
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Matt didn’t want the other children to see how he élt about the joke, because they would
call him a baby. So, Matt tried to hide how he felt The tester then asks the following
guestions: YWhat did the other children do when Rosie told a man joke about Matt? In the
story, what would the other children do if they knev how Matt felt?”

Next, the tester shows the child the emotion pesand asksSo, how did Matt really
feel when everyone laughed? Did he feel happy, sait,so-so? How did Matt try to look on
his face when everyone laughed? Did he look happsad, or so-s0?

Task 5: Understanding Sarcasm

The tester shows the child a colored line dravahthe back of a boy’s and a girl's head,
raindrops, and a wet cake and other food on agldanket.

Next, the tester reads the following story to¢hd without any special intonation or
emphasis: The girl and boy are going on a picnic. It is the by’s idea. He says it will be a
lovely sunny day. But when they get the food out,idp storm clouds come. It rains and the
food gets all wet. The girl says: ‘It's a lovely dg for a picnic.””

The tester asks the child the following questidisit true, what the girl said? Why

did the girl say ‘It's a lovely day for a picnic?’ Was the girl happy about the rain?
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