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 Social communication is important for success at home, school, work, and in 

the community. Lacking the ability to effectively process and convey information to 

others can lead to deficits in maintaining personal relationships and academic failure 

in school. Deficits in social communication skills can include a broad array of verbal 

and nonverbal behaviors important for reciprocal social interaction. In this 
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dissertation, we are interested in how children use and integrate verbal and multiple 

channels of non-verbal behaviors in the context of a naturalistic social interaction. To 

best capture how children communicate during this social interaction, we have devised 

a micro-analytic coding scheme that will reveal which channels children use to convey 

information, as well as how they integrate these different channels. In the following 

studies, different components of communication will be assessed in individuals with 

typical development and children with neurodevelopmental disorders of different 

natures and origins. Our groups include: Typically Developing (TD) children, children 

with High Functioning Autism (HFA), children with Williams Syndrome (WS), and 

children with Perinatal Stroke (PS). The majority of research regarding 

communication in these groups has focused on infants, toddlers, and younger pre-

school children, before the children are proficient language users. In studying school 

age children, we can determine how communication is distributed across multiple 

communicative channels, now that language has become their primary communicative 

system. 

 Studying TD children can provide a greater understanding of the range and 

nature of typical development and can help identify and create more appropriate 

therapeutic interventions for individuals exhibiting abnormal social and emotional 

behaviors. Individuals with neurodevelopmental disorders often have significant 

impairments in social communication that impact their relationships with others. In 

Chapter 2, a literature review on the communicative behaviors regarding each of our 

groups of children is presented. Chapter 3 is devoted to an investigation of social 

communication in TD school age children. Chapter 4 focuses on the social and 
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affective components of communication in children with HFA and children with WS. 

Chapter 5 investigates the use and integration of language and emotional expression in 

school age children with PS. These studies make a significant contribution toward 

understanding the interrelationships of the social and affective components of 

communication in school age children.  
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Chapter 1: Introduction 
 

 Social communication is important for success at home, school, work, and in 

the community (Byom, Allison, & Turkstra, 2013). The inability to effectively process 

and convey information to others can lead to deficits in maintaining personal 

relationships and academic failure in school (Lane, Barton-Arwood, Nelson, Wehby, 

2008). Individuals with social deficits may experience negative social outcomes, 

including peer rejection, isolation, and limited involvement in social activities 

(Braddock et al., 2015). In school, children with social-emotional challenges face 

issues such as discipline, disaffection, lack of commitment, alienation; all of which 

limit success in school or even lead to failure by dropping out of school (Zins, 

Bloodwirth, Weissberg, & Walberg, 2007). Deficits in social communication skills 

can include impairments in a broad array of verbal and non-verbal domains important 

for reciprocal social interaction. These communication channels can include: language 

use, prosody, facial expression, eye gaze, hand gestures, body posture, and body 

movement (Bone et al., 2014; Coulson, 2004; Kelly, Garnett, Attwood, & Peterson, 

2008; Van Dyck, Maes, Hargreaves, Lesaffre, & Leman, 2013).  

In the present study, we are interested in how children integrate verbal and 

multiple channels of non-verbal behaviors in the context of a social interaction. 

Whereas multiple studies have investigated a single communicative behavior in 

children, e.g. eye gaze (Riby & Hancock, 2008; Riby & Hancock, 2009a; Riby & 

Hancock, 2009b; Sandgren, Andersson, van de Weijer, Hansson, & Sahlen, 2012) or 

facial expression (Balconi, Lecci, & Trapletti, 2014; Deschamps, Coppes, Kenemans, 

Schutter, & Matthys, 2013; Oberman, Winkielman, & Ramachandran, 2009), few if 
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any have looked at how children use and integrate these behaviors in a natural setting. 

Our micro-analytic approach allows us to analyze and better characterize how children 

communicate in a naturalistic setting without potentially intrusive equipment 

hindering expressive behaviors. Children’s social and affective behaviors will be 

captured through a semi-structured, naturalistic, biographical interview. To best 

capture how children communicate during this social interaction, we have devised a 

micro-analytic coding scheme that will reveal which channels children use to convey 

information, as well as how they integrate these different channels.  

In the following studies, different components of communication will be 

assessed in individuals with typical development and children with 

neurodevelopmental disorders of different natures and origins. Our groups include: 

typically developing (TD) children, children with high functioning autism (HFA), 

children with Williams Syndrome (WS), and children with Perinatal Stroke (PS). The 

majority of research regarding communication in these groups has focused on infants, 

toddlers, and younger pre-school children (see Chapter 2), before the children are 

proficient language users. In studying school age children, we can determine how 

communication is distributed across multiple communicative channels, now that 

language has become their primary communicative system. 

Studying TD children can provide a greater understanding of typical 

development and also establish the foundation for what is expected to be ‘typical’ 

communicative skills. Such a foundation is critical for our studies, as children with 

atypical development will be compared against this TD baseline. Individuals with 

neurodevelopmental disorders often have significant impairments in social 
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communication that impact their relationships with others. The mechanisms that are 

implicated in these impairments seen in these children with atypical development are 

poorly understood. Studying children with neurodevelopmental disorders provides 

information that can help create more appropriate therapeutic interventions for 

individuals exhibiting atypical social and emotional behaviors (Herba & Phillips, 

2004). In addition, studying atypically developing children with atypical 

communicative behaviors can provide a deeper understanding to how social 

communication develops and functions in the broader typically developing population. 

Therefore, the goal of this dissertation is to better characterize how school-age 

children communicate during a dyadic social interaction with an adult. Data from this 

task will help build social and affective communicative profiles for each of our groups 

of children. Once these communicative profiles are constructed, we can answer our 

overall question of interest: How do school-age children use and integrate verbal and 

non-verbal communicative behaviors when conversing in a social interaction?  

To address this question, verbal and non-verbal channels of communication 

will be assessed from multiple perspectives during a naturalistic interview. Our 

language measures gauge both language output and language quality. Specifically, we 

examine language output through the amount of propositions produced by the child, 

and we will investigate the rates of errors and construction of sentences to assess the 

quality of the language produced. We will examine measures of both verbal and non-

verbal channels of behaviors as we investigate how school-age children use social 

linguistic devices in their speech, as well as eye contact and facial expression that 

convey social information to the interlocutor. These social and expressive measures 
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will give an indication of how communicative these children are when interacting in 

this context and will also provide information on their attention and affective state 

when conversing with an adult. In addition to analyses of each individual 

communicative channel, these behaviors will be examined in different contexts within 

the interview, e.g., the entire biographical interview, during narrative segments with 

affective content, when the child is producing speech, and when the child is listening, 

to better understand how children integrate these communicative behaviors. 

The three clinical populations chosen for these studies provide interesting and 

often contrasting profiles of strengths and weaknesses in social and communication 

abilities. Broadly, in social situations, individuals with HFA tend to be withdrawn 

from others as compared to their TD peers. Individuals with WS are often seen as 

more social, seeking out contact with others. Given these contrastive profiles, children 

with HFA and children with WS are often considered to be on opposing ends of the 

sociability spectrum. But little is known about how these school age children use and 

integrate multiple channels of communication in natural settings. Our third clinical 

population is children with PS. These children suffered a unilateral lesion, either on 

the left hemisphere (LHI) or the right hemisphere (RHI). Due to their early unilateral 

lesion, children with PS provide a unique opportunity to understand developing brain-

behavior relations. Previous research has noted distinctive differences in behavioral 

sequelae between children with PS and adults with acquired stroke: children fare 

better, presumably due to the plasticity of the developing brain for adaptive 

reorganization. When examining different cognitive domains in children with PS, 

results have yielded inconsistent outcomes with regards to recovery, suggesting 
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differing degrees of neuroplasticity in the brain. For example, a different pattern of 

deficits and recovery is observed with the development of visual spatial cognition, as 

compared to language, following unilateral injury in children with PS. With regards to 

the different domains of communication, we are beginning to have a better 

understanding of language development in children with PS, but know little about 

their development of emotional expression.  

In Chapter 2, a literature review on the communicative behaviors regarding 

each of our groups of children is presented. First, the communication profile of the TD 

population is investigated focusing on eye gaze behaviors, facial expressions, and 

language. Next, individuals with Autism Spectrum Disorder (ASD) are examined, as 

children with high functioning autism (HFA) are a subgroup within the Autistic 

spectrum. Thirdly, the social and communicative behaviors in children with WS are 

reviewed, focusing on the unique sociability observed in this disorder. Finally, a 

literature review is presented on children with PS, focusing on the concept of 

neuroplasticity across cognitive domains.  

Chapter 3 is devoted to an investigation of social communication in TD 

school-age children. Few studies have examined how school-age children 

communicate to an adult. The majority of studies examining communication in 

children have focused on infants, toddlers, and pre-school children. In these younger 

children, before they are proficient language users, they are seen to be more dependent 

on the usage of non-verbal channels of communication. However, language is the 

primary communicative system in our school-age children. Now that language is the 

dominant form of communication, how do children integrate these other systems with 
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language? To assess how school-age children communicate with an adult, we employ 

a one-on-one interview to capture dialogue during a social interaction. We will 

investigate communication by examining the use and integration of verbal and non-

verbal communicative measures, including eye gaze and facial expression. In addition, 

this chapter examines the effect of age on how communicative behaviors are 

expressed, as younger TD children ages 7 to 8 are compared to older TD children ages 

9 to 14. This investigation of TD children allows us to gauge what is considered 

typical communication in school-age children and also provides a comparative 

foundation, which will be used in Chapter 4 and Chapter 5, when TD children will be 

held in contrast to other groups of children with atypical development. Chapter 4 

focuses on the social and affective components of communication in children with 

HFA and children with WS. Chapter 5 investigates the use and integration of language 

and emotional expression in school-age children with LHI and RHI.  

Chapter 6 is the general discussion and conclusion. Results from Chapters 3, 4, 

and 5 will be discussed, and some potential explanations for certain patterns of 

behaviors will be presented. These studies will make a significant contribution toward 

understanding the interrelationships of the social and affective components of 

communication in school-age children. Finally, investigating the different aspects that 

make up one’s social communicative phenotype is the first step in helping to design 

better-informed treatment methods in the future. 
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Chapter 2: Literature Review on the Social and Communicative Phenotypes of 
Children in our Studies 
 
 
INTRODUCTION 

The characteristics of a successful conversation require different elements to 

work together. One must have the ability to negotiate meaning, exchange ideas, 

integrate new information, and clarify any misunderstandings (Gjems, 2010; 

Samuelowicz & Bain, 2001). In certain cases, this requires the use of multiple 

channels of communication to achieve the desirable result. In this chapter, we present 

a literature review examining the social profile of our groups of children. These 

children include: typically developing (TD) children, children with high functioning 

autism (HFA), children with Williams Syndrome (WS), and children with perinatal 

stroke (PS). This literature review will focus on aspects of communicative behaviors 

including: eye gaze behaviors, facial expressions, and language use. In addition, the 

review on the PS group will cover aspects of plasticity and development. These 

communicative behaviors will be the focus of Chapters 3, 4, and 5, as we investigate 

how school-age children use and integrate both verbal and nonverbal communicative 

channels as they converse with an adult.  

  

Social and Communicative Behaviors in Typically Developing Children 

Eye Contact and Eye Gaze Behaviors 

Human social interaction relies heavily on what is observed in the 

environment. Eye contact, eye gaze, and the eyes’ role in creating facial expressions 

are central to many aspects of social communication and can provide information such 



	  

	  

10 

as: the direction of what is currently being attended to, the emotion a person is 

expressing, and when following another’s averted gaze, its role in joint attention (Itier 

& Batty, 2009). In humans, the behavior of the eyes can provide information, regulate 

interaction, express intimacy, and exercise social control (Kleinke, 1986). In most of 

the animal world, direct eye contact is usually perceived as a threat, but in humans, 

direct eye contact has evolved to where newborns are attracted to eyes (Emery, 2000). 

 As early as the beginning of life, human newborn babies are attracted to the 

face and will gaze at the face more often then other types of stimuli in the environment 

(Batki, Baron-Cohen, Wheelwright, Connellan, & Ahluwalia, 2000, Goren, Sarty, & 

Wu, 1975; Farroni, Csibra, Simion, & Johnson, 2002; Johnson, Dziurawiec, Ellis, & 

Morton, 1991). When scanning a face, the eye region is the most attended of all facial 

features in young infants (Henderson, Williams, & Falk, 2005).  

The eyes are an integral component of social communication and their 

behaviors can signal important information that may not be conveyed through spoken 

language. For example, turn taking behaviors can de dictated by both direct eye 

contact and averted eye gaze. In studies examining turn taking behaviors, direct eye 

contact is used towards the end of an exchange to signal that the current speaker is 

about to give up their turn (Kendon, 1967). For example, the speaker will gaze directly 

at the listener and drop their pitch and loudness, while the listener start preparing to 

take their turn (Jokinen, Nishda, & Yamamoto, 2010). These two behaviors, eye 

contact and averted eye gaze, can also provide critical information when the speaker 

becomes the listener during a conversation. Direct eye contact may be use to signal 

that they are listening to their interlocutor during a social interaction (Vertegaal, 
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Slagter, der Veer, & Nijholt, 2001), whereas gazing away from the interlocutor may 

signal a breakdown in communication (i.e. embarrassment; Keltner, 1995). Gaze-

aversion typically carries negative connotations as it is seen as expressing non-

immediacy, non-affection, non-receptivity, and lack of trust (Burgoon, Coker, & 

Coker, 1986).  

In school age children, eye gaze patterns during problem solving contexts have 

been examined. Salamanca (2011) examined three groups of individuals, children ages 

3-4, children ages 7-8, and adults ages 19-33 years old, as the tasks varied on 

difficulty level to solve the problem. The author found eye gaze patterns vary 

according to age and the amount of cognitive effort required to solve the problem. 

During phases of low cognitive effort, the youngest children were more likely to make 

eye contact with the experimenter, while the older children and adults showed gaze 

aversion as they were thinking. The author suggests the results from the younger 

children are reflecting social referencing, as they may seek support from the 

experimenter during the task. This result for the older children and adults is in-line 

with previous research where aversion of eye gaze has been found to decrease 

cognitive load and increase concentration (Doherty-Sneddon, Bruce, Bonner, 

Longbotham, & Doyle, 2002). Interestingly, as the cognitive load increased during the 

task, the older children show a similar pattern to the younger children and made more 

eye contact to the experimenter. This eye contact pattern was not observed in the 

adults as the task became more difficult. This suggests that there is continued 

development, as children at 8 years have not reached adult-like behavioral patterns 

during problem solving contexts (Salamanca, 2011). 
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Perception and Production of Facial Expressions 

Identifying emotion from verbal and nonverbal channels of communication is 

critical for effective social interaction. Emotional information can be conveyed 

through many channels such as semantic information, prosody, body posture, and 

facial expression. The production of facial expression will be important for our studies 

as this channel will be investigated in our children during the social interaction. 

Identifying emotions on faces, such as anger or sadness, can possibly require a person 

to modify their behavior to adjust to the social situation. In this portion of this chapter, 

the development of facial expression recognition and production will be explored, 

focusing on both behavioral studies and brain areas critical to emotion processing in 

typically developing individuals. Facial expression can also be displayed without 

affect. Conversational signals through facial expression (i.e., smiles) can inform 

important information such as agreement, understanding, and acknowledgement 

(Brunner, 1979). 

Children’s abilities to recognize and label different emotions from facial 

expression emerge gradually overtime (Herba & Phillips, 2004). Widen (2012) 

examining 1,050 children from 2 to 9 years of age, found children labeling facial 

expressions ranged from broad to more differentiated categories. For example, young 

children begin to notice facial expression having a valence attached to them. Next, 

broad categories emerge such as ‘feels-good’ and ‘feels-bad’ categories. From there, 

emotions become more differentiated with happy appearing first. Then either angry or 

sad emerges second and third. The fourth and fifth emotions are scared and surprise, 



	  

	  

13 

with disgust being the last to be acquired (Widen, 2012). In another study by Vicari 

and colleagues (2000) testing 120 children between the ages of 5 to 10, an increase 

was found in the ability to recognize and label facial expression as performance 

improved at each age level. With regards to specific emotions, happiness was highest 

in accuracy, followed by sadness, anger, fear, and disgust (Vicari, Reilly, Pasqualetti, 

Vizzotto, & Caltagirone, 2000).  

As for the production of facial expressions, day old infants have been found to 

produce and imitate canonical facial expressions (Field, Woodson, Greenberg, & 

Cohen, 1982; Geangu, Benga, Stahl, & Striano, 2010; Meltzoff & Moore, 1983; Oster, 

1997). The social smile appears by 3 months of age (Spitz, 1965; Sroufe & Waters, 

1976) and is used both to respond to others’ smiles as well as to initiate an interaction. 

Salamanca (2011) investigated the production of facial expressions when individuals 

complete tasks that require different amounts of cognitive effort. Examining three 

groups of individuals, children ages 3-4, children ages 7-8, and adults ages 19-33 

years old, the author found gender differences as females increased their production of 

facial expression as the development, while this pattern was not observed in males. 

The author suggests that cultural display rules may play a role in the results, as female 

adults and children produced more positive facial expressions than male adults and 

children. Cultural display rules are defined as what a particular culture deems as 

acceptable or unacceptable in the expression of emotion (Ekman, Sorenson, & Friesen, 

1969; Safdar et al., 2009).  

The ability to express emotions through facial expression is important to 

signify to others how one is feeling at a particular moment in time. In addition, they 
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can be used as a conversational tool, conveying information to their partner about the 

conversation itself (i.e., a smile is produce conveying understanding). For our studies, 

children’s facial expression will be coded and examined to see if children rely on this 

channel as they interact in a dyadic situation with an adult. In addition, facial 

expressions will be investigated when children produce narrative segments with 

affective context. For example, when children produce narratives with positive content, 

will children also produce more positive facial expressions when compared to when 

they produce narrative segments that are neutral in tone? Finally, both eye contact and 

facial expressions will be examined when the child is speaking and listening, to see if 

they behave in the same manner when playing these different roles. 

 

 Language Development.  

In this dissertation, to assess how school-age children communicate with an 

adult, a one-on-one semi-structured, naturalistic biographical interview was 

conducted. Why look at conversations? Analyses of conversations have been used in 

multiple disciplines such as: linguistics, sociology, psychology, and computational 

linguistic (Alvesson & Karreman, 2000). For our study, a conversation takes place 

between a child and an adult experimenter. Conversations are routine in typically 

developing school-age children as this type of social interaction take place on a daily 

basis. The questions asked during the conversation are commonplace and are observed 

everyday (i.e., “What did you do this week in school?”; “Can you tell me about your 

pets?”). Given their frequency and everyday nature, conversations provide an 

excellent measure of children’s spontaneous language. 
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In this next section, we present the language profile of TD school-age children. 

The majority of studies examining aspects of conversations and narratives in TD 

children have been conducted in studies focusing on children with atypical 

development with the TD children primarily being used as the control group. 

Nevertheless, studying children with atypical development where components of 

communication are not functioning normally can provide a deeper understanding to 

how social communication is developed in the broader typically developing 

population. By age 5, TD children have acquired most of the basic sentence structures 

of their language (Slobin, 1994; 2002). In school, children learn more complex 

sentence types such as passives (Lempert, 1978), and continue to develop 

conversational abilities. Vocabulary size continues to increase as new words are being 

learned through conversations and reading.  

Narrative tasks have been employed to examine the story telling abilities of TD 

children. Hemphill and colleagues (1991) examined 20 TD children (mean age 7.6 

years) during a 15-minute narrative task. When narrating a wordless picture book, 

Frog where are you? (Meyer, 1969), the authors found large amounts of variability on 

many narrative measures. For example, about 20% of the TD children had an opening 

to the story, while the standard deviation for the measure was 41%. Half the TD 

children were coded as having a closing to the story, with the standard deviation at 

51%. Using the same wordless picture book, Reilly and colleagues (2004) examined 

TD children at three different age ranges. The first group consisted of 29 children at 4-

6 years, the second group consisted of 31 children at 7-9 years, and the third group 

consisted of 13 children at 10-12 years. The numbers of propositions were counted 
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and provided a measure of overall story length (a proposition is defined as a verb and 

its arguments). The production of proposition increased at each age group, suggesting 

that children are produce more content as they get older. Morphological errors were at 

9% for children ages 4-6 years old and decreased to 5% for the two older age groups. 

This suggests as children age, their morphology improves. The production of complex 

syntax also increased, suggesting a more sophisticated use of syntax as children got 

older. As for the use of language for social purposes, percentage of evaluation devices 

in the TD group increased from 43% to 45% to 54% at each age group. An evaluative 

device is an intersection where language, sociability, and affect interact, as they are 

linguistic tools that give meaning and significance to a narrative (Labov, 1964). But 

the percentage of social evaluation dropped from 15% in the youngest group to 7% in 

the two older age groups. Social evaluative devices are used to attract and maintain the 

listener’s attention through the narrator’s attitude or perspective. This suggests that as 

children age, their use of cognitive evaluation increase while their use of social 

evaluative devices decrease.  

Conversational topics have been examined in children with HFA and TD 

children. Nadig and colleagues (2010) examined 20 children with HFA (mean age 11) 

and 17 TD children (mean age 10.8) as children discuss topics of great interest. When 

discussing their favorite topic, HFA participants demonstrated decreased reciprocity as 

their conversation turned into more of a monologue-style speech than a dyadic social 

interaction. But there was similarity shown between the HFA and TD groups, both 

groups making more eye contact when discussing their topic of interest compared to 

discussing a general topic. Conversation between children can provide information on 
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how they express non-verbal behaviors with their peers. Koterba (2010) examined 33 

children interacting with a same-sex peer longitudinally in 4th and 6th grade (10 and 12 

years old). Developmental changes were found as more communicative behaviors 

were expressed in 6th grade than in 4th grade. Gestures (i.e., abstract points and beats) 

and eye gaze were found to increase in these two years. Sandgren and colleagues 

(2012) also examined how children communicated with each other, focusing on eye 

gaze during a social interaction. Eight pairs of TD children performed a task together 

and results showed that 90% of the time, children were focused on the task, and 10% 

were directed at the face of their partner. Eye contact tended to occur when one of the 

children requested or needed clarification. The authors suggest that children are using 

gaze in this context to emphasize the verbal content during the task (Sandgren, 

Andersson, van de Wejer, Hannson, & Sahlen, 2012).   

Paul and colleagues (2009) examined 29 individuals with ASD and 26 TD 

children between the ages of 12 and 18 years, investigating their conversational 

abilities. Compared to the TD children, who performed near the floor on the Pragmatic 

Rating Scale, which indicates no pragmatic deficit, children with ASD had great 

difficulties during the task. Children with ASD had problems with the management of 

topics and information, reciprocity, intonation, and gaze management. Focusing on 

conversational behaviors, children with ASD had difficulties with determining what 

topics and information were necessary for a mutually engaging conversation. 

Moreover, reciprocity was an area of deficit as inappropriate timing of turn-taking 

were observed during this interaction. The authors suggest a history of not attending to 
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the cues of others may play a role in these pragmatic deficits (Paul, Orlovski, 

Marcinko, & Volkmar, 2009).  

This literature review examined how typically developing infants and children 

develop and acquire different channels of both verbal and non-verbal communication. 

For this dissertation, the social and communicative profile of all of our groups will be 

characterized by examining the structural language use, social use of language, eye 

gaze behaviors, production of facial expressions, and the co-occurrences of eye 

contact and facial expressions during a social dialog with an experimenter. Studying 

typically developing children can provide a greater understanding of normal 

development within these communicative behaviors.  

 

Social and Communicative Behaviors in Children with High Functioning Autism 

Introduction to Autism Spectrum Disorder 

The term Autism is derived from the Greek autos, meaning ‘self’, is a social 

disorder that was first described by American psychiatrist Leo Kanner (by way of 

Austria-Hungary, present day Ukraine) in 1943. Kanner described 11 cases of autism, 

observing deficits in speech and cognitive function that emerged over time in young 

children (Kanner, 1943; 1968). According to guidelines listed in the Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition - Text Revision (DSM-IV-TR; 

American Psychiatric Association, 2000), autism is one of five disorders on the 

autistic spectrum disorder (ASD). The other four disorders include: Asperger's 

disorder (Asperger syndrome), Pervasive developmental disorder not otherwise 

specified (PDD-NOS), Rett's disorder (Rett syndrome), and Childhood disintegrative 
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disorder (CDD). In 2013, the fifth edition of the Diagnostic and Statistical Manual of 

Mental Disorders was published revising the diagnosis of ASD to reflect the current 

thinking regarding this disorder (DSM-V; American Psychiatric Association, 2013). 

Autism spectrum disorder is now under a single umbrella term where many of the 

symptoms from the DSM-IV still hold true (e.g. communication deficits, misreading 

nonverbal cues, difficulty building peer friendships, overly dependent on routines, 

sensitive to changes in their environment, intensely focused on inappropriate items). A 

new criterion in the fifth edition does require individuals with ASD to show symptoms 

in early childhood. Over the past decade, there has been a consistent effort to diagnose 

ASD at younger and younger ages. With the DSM-IV, diagnoses were made at about 

age 5, now it is at 2 or 3 years of age and in some cases earlier. With the changes 

made to the DSM-V, studies were carried out to see whether the prevalence rate would 

change dramatically from the criteria set on the DSM-IV. A study by Huerta and 

colleagues (2012) used parental data from 4,453 children who were diagnosed with the 

DSM-IV and sought whether these diagnoses would still be valid using the criteria’s 

of the fifth edition. Results showed the prevalence rate did not change dramatically as 

the criteria from the fifth edition identified 91% of the children previously diagnosed 

using the criteria of the fourth edition (Huerta, Bishop, Duncan, Hus, & Lord, 2012). 

The high correlation in prevalence rate between the fourth and fifth version of the 

DSM is encouraging as the autistic children used in this dissertation were diagnosed 

based on the guidelines provided by the DSM-IV.  

Seventy-one years after Kanner’s description of the disorder, in 2014, the 

Center for Disease Control (CDC) now estimates that ASD is now found in 1 in 68 
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children (or 14.7 per 1,000 eight-year-olds) in the United States (CDC, 2014). This 

study screened 8 year olds at 11 sites in the United States in 2010, and these new 

figures are roughly 30% higher than previous estimates of 1 in 88 children reported in 

2012 (CDC, 2012). With regards to gender, these new numbers are in-line with the 

2012 study, as boys are still four to five times more likely to be diagnosed with ASD 

than girls (1 in 42 boys, 1 in 189 girls).  

 

Potential Causes and Symptoms of ASD 

There is no known cause(s) for ASD, although evidence suggests that both the 

environment and gene(s) play a role in the disorder. The most compelling evidence 

that gene(s) are a factor comes from identical twin (monozygotic) studies, where 

nearly 90% of the time both twins will be diagnosed with the disorder (Bailey et al., 

1995). Siblings have also provided evidence of a genetic link, as siblings are up to 25 

times more likely to develop ASD if one sibling already has the disorder (Abrahams & 

Geschwind, 2008). With regards to which gene(s) are implicated in causing ASD, it is 

suggested that many genes are impaired in some way that can lead to this disorder (see 

Persico & Bourgeron, 2006 where 20+ genes are suspected of increasing the risk for 

ASD). Mutations within the gene(s) are likely and recent genetic studies have focused 

on de novo mutations, where the parents’ genes show no signs of mutation but these 

defects are present in their autistic child (Sanders et al., 2012). Examining over 200 

individuals for de novo mutations, Sanders and colleagues (2012) found two unrelated 

children with the same mutation. In another study, the origins of these de novo 

mutations have been found to have a paternal bias with a ratio of 4 to 1 (O’Roak et al., 
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2012). In addition, the O’Roak group found a positive correlation between the age of 

the father and an increased risk of these de novo mutations. This finding may explain 

why a higher rate of ASD is found in children with older fathers (Kong et al., 2012). 

Genetic testing narrowing in on possible defective gene(s) is only at its infancy and 

further research is needed to pinpoint particular gene(s) and what effects these gene(s) 

have on social behavior.  

It is also suggested that the environment plays a pivotal role in the disorder. 

The environment includes both the external environment after birth as well as the 

environment in the womb. Factors within the environment are likely to contribute 

include family medical conditions, parental age, exposure to toxins, and complications 

during birth or pregnancy. Although not present in every individual with ASD, a 

subset of individuals demonstrates an abnormal or dysregulated immune system. 

Various immune system anomalies, such as autoantibodies, have been reported in 

subjects with ASD. An autoantibody is a type of protein created by the immune 

system that is directed against the individual’s own protein. Specifically, the presence 

of autoantibodies directed against neural antigens has been observed in patients with 

ASD (Wills et al., 2007). The connection between abnormal autoimmunity and ASD 

was first recognized in 1971, when one case of autism was linked to the individual’s 

dysregulated immune system (Money, Bobrow, & Clarke, 1971). Since then, a genetic 

link has been discovered whereas a larger percentage of children with ASD were 

found to have a family member with an autoimmune disease compared to the typically 

developing population (Warren et al., 1990; Weizman, Weizman, Szekely, 

Wijsenbeek, & Livni, 1982). The interaction of the immune system with the 
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environment has also been suggested to play a role in ASD. Meyer and colleagues 

(2006) reported two sensitive periods during fetal development in mice that resulted in 

abnormal brain development. Immune system challenges during the middle and late 

gestation period in mice resulted in maternal inflammation, which later had 

consequences to both brain development and subsequent behavior (Meyer et al., 

2006). It is suggested that early immune/nervous system disturbances are capable of 

permanently altering either/both systems (Wills et al., 2007). It should be noted that 

many individuals who are exposed to these environmental risk factors do not go on to 

develop ASD, therefore it is suggested that multiple environmental factors as well as 

genetic mutations are at play (Persico & Bourgeron, 2006). Recently, research is 

focusing on the interaction between the environment and genes, known as epigenetics, 

to see whether the causes of ASD can be linked to the increase or decrease of genetic 

activity based on external environmental factors.  

Autism Spectrum Disorder is a heterogeneous disorder with severity of 

symptoms ranging from individuals with intellectually disability who are mute to 

individuals with high intelligent quotients (IQ) who are overly expressive. Therefore, 

symptoms described in textbooks and in the literature do not always accurately 

describe every individual with ASD. Important for this study is a subgroup within the 

ASD population, children with high functioning autism (HFA). It is important to note 

that many of the studies investigating aspects of ASD did not separate the ASD into 

subgroups. Therefore the studies that will be described in the review may not 

necessarily fit into our particular subgroup being studied for this dissertation. 
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Nevertheless, these studies will inform our knowledge with respect to the social and 

communicative behaviors observed in the ASD group.  

Individuals with ASD vary in many aspects: rate of severity, timing of 

symptoms onset, and rate of lost skills (Stefanatos, 2008). Autism spectrum disorder is 

an emergent disorder that is characterized by the loss of social communication skills 

usually around 9 to 24 months (Tager-Flusberg, 2010). Individuals with ASD 

generally have impairments in three areas: social impairment, communication 

difficulties, and repetitive and stereotyped behaviors (American Psychiatric 

Association, 2000; 2013; Wing & Gould, 1979). Impairments in social and 

communication skills are at the heart of the disorder and these areas are the key focus 

of this dissertation.  

Deficits in social communication vary across individuals but these behaviors 

can include: unusual eye contact, limitation in facial expressions, failure to respond to 

other people, lack of interactions to share items or activities, difficulty with peer 

relationships, lack of awareness or understanding of other people’s thoughts and 

feelings, difficulty initiating social contacts through verbal or non-verbal means, and 

unusual responses when other’s show anger, distress, or affection (Baron-Cohen, 

1989; Dawson, Osterling, Meltzoff, & Kuhl, 2000; Klin et al., 2004; Tager-Flusberg, 

2010; Volkmar, Paul, Klin, & Cohen, 2005). Chapter 4 will examine the social 

behaviors of children with HFA focusing on eye gaze behaviors, facial expression 

production, and language output. The majority of past studies have examined children 

with ASD on one particular domain/channel or perspective, this study will investigate 

the communicative behaviors of school-age children with HFA by investigating 
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multiple channels of verbal and non-verbal communication. We will examine social 

behaviors through verbal channels such as language production and language content, 

and non-verbal channels such as eye gaze behaviors and the production of facial 

expression. We will also integrate these two domains, examining non-verbal channels 

of behavior when children with HFA are producing narratives with affective content. 

In addition, we will investigate the degree to which children produce these non-verbal 

behaviors when they are either speaking or listening, to observe how children 

communicate when they are playing different roles during the dyadic interaction. 

Behaviors captured during these different contexts will help build a social and 

communicative profile within the HFA group. Taken together, a study that takes into 

account multiple measures, across communication systems, provides the best avenue 

to construct social and communicative profiles for all of our groups of children.  

 

Autism in Infants and Early Childhood  

Until recently, within the last decade, the majority of children being diagnosed 

with ASD were school-age. But the majority of parents and caregivers noticed signs of 

abnormalities before their child enter school (De Giacomo & Fombonne, 1998). The 

most common concern was the delay in speech and language development followed 

by abnormal social and emotional responses (De Giacomo & Fombonne, 1998). In a 

parental retrospective study comparing ASD with a TD control group, mothers 

completed questionnaires about their child’s social behavior before the age of two. 

Parents reported a lack of smiles and having an “empty gaze” in the ASD group, 

behaviors that were absent in the TD group (Dahlgren & Gillberg, 1989). In another 
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study examining infants with ASD before the age of two, Wimporey and colleagues 

(2000) found abnormalities within the ASD group compared to age-matched TD 

controls. Of the ten children with ASD, not one of the children were reported to have 

intense eye contact with their interlocutor, engaging in turn taking with an adult, and 

used noise communicatively, whereas half of the control subjects expressed these 

behaviors. There were also clear limitations of affective engagement as these infants 

with ASD were less likely to greet their parents and wave to their parents compared to 

the TD group (Wimporey, Hobson, Williams, & Nash, 2000). In another study with 

three-year-olds, comparing 51 individuals with ASD against 43 individuals with either 

developmentally disabled/language impaired, differences were observed for the two 

groups in direct gaze, social smiling, range of facial expression, lack of shared 

enjoyment, and seeking to share one’s own enjoyment, all of which were impaired in 

the ASD group (Lord, Storoschuk, Rutter, & Pickles, 1993). Flatter affect has been 

observed in 3-6 year-olds with ASD when compared to mental age matched 2-year-old 

TD children during a social interaction. Children with ASD had fewer instances of 

positive affect towards adults compared to the TD group (Kasari, Sigman, Mundy, & 

Yirmiya, 1990). In another study, McGee and colleagues (1991) wanted to investigate 

patterns of facial expression during social interactions. The ASD group displayed 

incongruent facial expressions when compared to the TD group. Whereas the TD 

children produced smiles when interacting with peers and teachers, the ASD group 

expressed smiles when playing with themselves. In the TD group, negative displays 

were toward other children, while the ASD group showed anger when interacting with 
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adults. There was no difference in sadness due to the infrequent occurrence of this 

particular emotion (McGee, Feldman, & Chernin, 1991).  

Although our focus is on school-age children ages 7-14, understanding the 

patterns and deficits in infants and toddlers with respect to social and communicative 

behaviors can provide clues as to what may be impaired in children with ASD as they 

enter school. In addition, understanding the pre-cursors to language in these young 

children can provide valuable insight into what might be the root of the problem with 

regards to language abilities in older children with ASD.  

 

Autism in School-Age Children  

As children with autism enter school, two subtypes of social behaviors have 

been observed (Wing & Attwood, 1987; Wing & Gould, 1979). These subtypes are 

aloof-and-passive and active-but-odd. The aloof-and-passive children tend to be the 

more severe with regards to deficits in social interaction than the active-but-odd 

children. The aloof-and-passive children tend not to seek out and initiate contact with 

others and may even actively avoid social communication (Loveland & Tunali-

Kotoski, 2005). These children tend not to play with other children and initiate 

friendships (Rutter, 1974). In addition, this group has been noted for being 

unresponsive, as if they were deaf, even though they are not (Trad, Bernstein, Shapiro, 

& Hertzig, 1993). It has been suggested that deficits in their ability to properly use 

gaze, gesture, and deficits in joint attention, lead to failures in social communication 

(Buitelaar, van Engeland, de Kogel, de Vries, & van Hooff, 1991). The aloof-and-

passive children also lack the spontaneous and intuitive grasp of social interaction 
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(Loveland & Tunali-Kotoski, 2005). It has been observed that these children will go 

along with group activity if dragged in and will participate, but will wander off unless 

redirected by their peers (Wing & Gould, 1979). The second group is the active-but-

odd children who tend to be higher functioning than the children in the aloof-and-

passive group. The language skills within this group are relatively good and they 

actively seek out contact with others. But not all aspect of their language is 

appropriate. The content of their speech can be unusual and inappropriate. Such 

behaviors include repetitive questioning, conversation based on narrow topics, and 

odd nonverbal behaviors such as gestures and facial expressions (Loveland & Tunali-

Kotoski, 2005). In addition, these individuals at times do not seem to be aware of 

other’s feelings, thoughts, and motives (Wing & Gould, 1979). Taken together, these 

individuals have a very difficult time negotiating the nuances of social interaction 

(Klin, Jones, Schultz, & Volkmar, 2003). Due to their odd behaviors, even in the face 

of active discouragement, the active-but-odd group tends to be less acceptable to their 

interlocutor than the aloof-and-passive group (Hendriks, 2012).  

As all children get older the social demands expected of them change. Atypical 

social behaviors have been observed in individuals with ASD as they develop. For 

example, individuals with ASD have been found to approach adults rather than their 

peers, a similar pattern that has been observed in the Williams Syndrome population 

(Doyle, Bellugi, Korenberg, & Graham, 2004). Hauck and colleagues (1995) studied 

approach behaviors comparing school age children with ASD and an intellectually 

disabled group matched on age (mean age 9.58 years). Results showed that the 

intellectual disabled group approached their peers while this was not observed in the 
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ASD group (Hauck, Fein, Waterhouse, & Feinstein, 1995). It has been suggested that 

individuals with ASD approach adults more than their peers because adults are more 

accepting of deviant and odd social behavior, and therefore may be more inviting for 

individuals with autism to strike up relationships (Carter, Davis, Klin, & Volkmar, 

2005).  Other areas of deficits found in school-age individuals with ASD are the 

difficulties in following the social rules and conventions when dealing with others 

(Church, Alinsanski, & Amanullah, 2000). Difficulties have been observed in social 

exchanges, with particular difficulties in the reciprocal give and take required in social 

interactions (Shattuck et al., 2007).   

One area where deficits continue as children with ASD enter school is in the 

domain of language and communication. Language in children with ASD is extremely 

variable, from individuals with mutism at one end of the spectrum to highly expressive 

individuals at the other end of the spectrum. Some individual with ASD never acquire 

functional language and these individual tend to be very low functioning. It has been 

reported that less than 20% of children with ASD do not use words to communicate 

(Lord et al., 2004; Tager-Flusberg, Paul, & Lord, 2005). It has been suggested that the 

proportion of individuals with ASD who do not speak is decreasing mainly due to 

effective early intervention (Goldstein, 2002). For those who do speak, Tager-Flusberg 

and Joseph (2003) found two distinct language phenotypes in children ages 4-14 with 

ASD. One subgroup had linguistic abilities (i.e., phonological skills, vocabulary, 

syntax, and morphology) very similar to TD children matched on chronological age, 

and the second subgroup showed deficits that mirrored children with specific language 

impairment (i.e., deficits in higher-order syntax and semantics, vocabulary, and the 
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ability to represent and reproduce novel phonological sequences) (Tager-Flusberg & 

Joseph, 2003). By age 5, many children with ASD have sparse language and many still 

have deficits in nonverbal communication (Loveland & Landry, 1986). These deficits 

in both verbal and nonverbal communication can lead to difficulty in learning and 

maintaining social interactions and relationships. It has been found that children who 

are verbal before the age of 5 tended to be higher functioning and had better long-term 

outcomes than children who are not verbal at age 5 (Rutter, 1983). As children 

progress through school, language develops slowly and speech is likely to be 

pragmatically inappropriate. Inappropriateness of language use can include: immediate 

and delayed echolalia, pronoun reversals, unusual intonation, bizarre speech, 

neologisms, and stereotyped or repetitive speech (Baltaxe, 1984; Grossi, Marcone, 

Cinquegrana, & Gallucci, 2013; Loveland & Tunali-Kotoski, 2005; McEvoy, 

Loveland, & Landry, 1988;; Peppe, McCann, Gibbon, O’Hare, & Rutherford, 2007; 

Prizant, 1983; Prizant & Duchan, 1981; Shapiro, 1977; Shriberg et al., 2001; Tager-

Flusberg & Calkins, 1990). 

Being in a conversation is complex and requires many different skills to work 

together to be effective. Not all children with ASD are verbal so conversational skills 

have been examined in mostly higher functioning individuals with autism. Like many 

other aspects of ASD, outcomes are highly variable with some individuals having 

relatively preserved grammar, a large lexicon, and being fluent (Tager-Flusberg et al., 

1990). On the other hand, problem areas have also been flagged such as producing 

narrow interest of topics (e.g., vacuum cleaners, train schedules, numbers, symbols), 

ambiguous point of references, inappropriate prosody, socially inappropriate 
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statements or questions, and neologisms (Fine, Bartolucci, Ginsberg, & Szatmari, 

1991). Maintaining a conversation is also an area of difficulty as individuals can 

become unresponsive or respond in unexpected ways (Loveland & Tunali-Kotoski, 

2005). When examining the entire discourse of a ten-minute conversation, Fine and 

colleagues (1994) found individuals with ASD not linking their utterances to earlier 

statements to build on previous interchanges. This finding may suggest that 

individuals with ASD may not be as attuned to the conversational context as TD 

individuals. In another study, it was observed that individuals with ASD did not offer 

new or relevant information and had fewer narratives of personal experiences in their 

conversations (Capps, Kehres, & Sigman, 1998). Selecting and organizing information 

effectively to convey to a listener has also been found to be a deficit in individuals 

with ASD. In a task where the objective is to teach a new person a recently learned 

game, individuals with ASD needed more prompting to express the needed 

information compared to individuals with Down Syndrome (Loveland, Tunali, 

McEvoy, & Kelley, 1989). In a conversation, the ability to make correct inferences 

about other’s intentions is important for successful social communication (Sabbagh, 

1999). Individuals with ASD have been found to frequently misinterpret the intentions 

of others (Surian, Baron-Cohen, & Vander Lely, 1996). Therefore, it is not surprising 

that comprehending humor, metaphors, and indirect speech have been documented as 

a weakness in the ASD population (Ozonoff & Miller, 1996). Individuals with ASD 

have also been found to use less humor even when interacting with their parents 

(James & Tager-Flusberg, 1994). Taken together, deficits in understanding mental 
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states of other’s may contribute to deficits observed in conversations in individuals 

with ASD (Surian, et al., 1996).  

Language studies focusing on production and comprehension have been 

carried out in the ASD group to investigate whether deficits are present in these two 

domains. In a study examining both receptive and expressive abilities, greater degree 

of deficits was observed in receptive abilities than expressive abilities (Paul & Cohen, 

1984). Paul and colleagues (1983) examining longitudinal data suggested that early 

comprehension abilities in children correlated with the degree of social competence 

found later in early adulthood (Paul, Cohen, & Caparulo, 1983). Standardized test 

measures have also been employed to see whether deficits are present in these two 

domains in the ASD population. Using the Clinical Evaluation of Language 

Fundamentals (CELF; Wiig, Secord, & Semel, 1992) on individuals with ASD (ages 

4-14 years old), Kjelgaard and Tager-Flusberg (2001) found some continued deficit in 

receptive abilities. Examining 44 children, differences were found between receptive 

and expressive standard scores, with expressive abilities higher than receptive 

abilities. Within the same study, two vocabulary tests, one receptive and one 

expressive was also administered. The Peabody Picture Vocabulary Test-III (PPVT-

III; Dunn & Dunn, 1997) a measure of receptive vocabulary in which subjects are 

asked to pick the correct picture from an array of four pictures were completed in 80 

children with ASD. The Expressive Vocabulary Test (EVT; Williams, 1997) measures 

expressive vocabulary by asking the subjects to name pictures in front of them. 

Results revealed no statistical difference between receptive and expressive score as 

80% of the children did not show more than one standard deviation difference between 
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PPVT and EVT scores (Kjelgaard & Tager-Flusberg, 2001). It has been suggested that 

comprehension abilities may be hampered in social interaction due to the inability to 

integrate linguistic input with real-world knowledge (Tager-Flusberg, Paul, & Lord, 

2005). For example, individuals with ASD may not incorporate socially relevant 

events as they develop which can dampen emerging language skills. It has also been 

suggested that the discrepancy between everyday language abilities and standardized 

testing situations is due to individuals with ASD not being able to integrate nonverbal 

cues of communication, which are helpful for interpreting linguistic input when there 

is ambiguity. For example, the tone of voice can provide clues to what is being 

intended such as if the interlocutor is being aggressive or just teasing (Ozonoff, 

Pennington, & Rogers, 1990). Language comprehension and social functioning have 

also been linked. For example during a conversation, semantic and pragmatic aspects 

of language are usually linked to nonverbal social communication. If an individual 

have deficits in one area, most likely the second area is also compromised (Tager-

Flusberg et al., 2005).  

Language use has been studied in the ASD population. Naturalistic 

observations of spontaneous communication have been observed in children with 

ASD. Stone and Caro-Martinez (1990) examined 30 children (ages between 4-13 

years) with ASD for 2 to 3 hours and found the rate of spontaneous communication to 

be very low, with most children making only two to three communicative acts per 

hour. The majority of the interactions were targeted towards adults (observed in 24/30 

children), while only half (15/30 children) targeted their social interactions toward a 

peer. In a similar study comparing 15 children with ASD (ages between 4-12 years), 
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14 developmentally language delayed children (ages between 3-9 years) and 13 mean 

length of utterances (MLU) matched TD children (ages between 3-4 years), the 

authors found the ASD group during spontaneous interaction producing infrequent 

attention-directing behavior (pointing and showing) and these behaviors were less 

varied than the other two contrast groups (Landry & Loveland, 1989). In addition, 

attention-directing language (i.e., use of “this/that” and “here/there”) were found to be 

much lower in the ASD group than the two other groups during an open-ended free 

play situation. Language content has also been examined in the ASD group. It has 

been found that individuals with ASD rarely have speech acts in which they show off, 

initiate social interaction, or acknowledge the listener. Ziatas and colleagues (2003) 

noted that children with ASD tend to have conversations discussing topics in the here 

and now and not referring back into their mental/abstract landscape (Ziatas, Durkin, & 

Pratt, 2003). Finally, it has been observed that what is missing or rarely used in 

conversation in individuals with ASD is the lack of emphasis regarding socially 

related concepts (Wetherby, 1986).  

Abnormalities in expressive language have been found in individuals with 

ASD. These pragmatic deficits include: talking to oneself, making irrelevant remarks, 

providing the appropriate amount of background information, and following the rules 

governing a dialogue (Baltaxe, 1977). With these pragmatic deficits during social 

interaction in mind, studies have been setup in laboratory setting to see whether 

individuals with ASD can detect pragmatic violations. Surian and colleagues (1996) 

compared 11-year-olds with ASD to 11-year-olds children with specific language 

impairment and 6-year-olds TD children matched on verbal mental age. The authors 
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found children with ASD impaired at detecting pragmatic violations that were not 

observed in the other two groups. Interestingly, the ASD children perform well on 

grammatical violations but were at chance when it came to pragmatic violations 

(Surian et al., 1996). Children and adolescents with ASD have been found to perform 

poorly on tasks of referential communication (Loveland, et al., 1989). These tasks are 

more social and complex and include tasks such as affect narration and discourse 

(Hemphill, Picardi, & Tager-Flusberg, 1991). It has been found that individuals with 

ASD have problems responding to topics introduced by others and have difficulty 

terminating topics during social engagements (Tager-Flusberg, Paul, & Lord, 2005). 

Children with ASD often have difficulty dealing with and integrating new information 

during a conversation (Tager-Flusberg & Anderson, 1991). In a study comparing six 

individuals with ASD and six individuals with Down Syndrome, children with ASD 

produce more non-contingent utterances, producing utterances that were not related to 

the prior adult utterance. In addition, the children in the ASD group tend not to add 

new information into the discussion; therefore there is a lack of expanding and 

challenging new concepts and ideas. Instead, the ASD group relied on more simple 

and basic ways to maintain topics, such as falling back on route routines and providing 

simple answers. Therefore, structurally their language becomes more sophisticated 

while its content does not change (Tager-Flusberg & Anderson, 1991). The authors 

also concluded that the advances observed in some of the structural aspects of 

language do not parallel the advances in discourse abilities. In another study, Loveland 

and colleagues (1990) asked 16 individuals with ASD (mean age 13.5) and 16 

individuals with Down Syndrome (mean age 13.3) matched on verbal mental age, to 
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retell a story that they previously observed (Loveland et al., 1990). Individuals with 

ASD were more likely to exhibit pragmatic violations such as odd, inappropriate, and 

irrelevant utterances as these behaviors were rarely observed in the Down Syndrome 

group. In addition, they did not consider what the listener needed to understand the 

story, which led the authors to suggest that the ASD group may not understand the 

cultural conventions of story telling. It has been suggested that the deficits in 

pragmatic skills in verbal individuals with ASD echoes the deficits observed in 

nonverbal communication in younger individuals with ASD. Impaired skills in joint 

reference, sharing topics of interest, and supplying new relevant information for the 

listener, still apply in both types of communication. Taken together, these results 

suggest individuals with ASD have difficulty maintaining an appropriate conversation, 

engaging in a mutual and cooperative social dialogue (Tager-Flusberg et al., 2005). 

With regards to the way language is expressed, studies have found interesting 

abnormalities in children with ASD. With regard to words and word knowledge, such 

as semantic grouping of categories, no deficits tend to be found as this particular 

domain have been suggested to be a relative strength for some individuals with ASD 

(Boucher, 1988; Kjelgaard & Tager-Flusberg, 2001). On the other hand, certain words 

used in the TD population are underrepresented in the ASD population. Comparing 

children with Down Syndrome and children with ASD, words denoting mental and 

cognitive states (e.g., know, think, remember) were rarely used in children ages 3-7 

years with ASD (Tager-Flusberg, 1992). Social-emotional terms have also been found 

to be underused in the ASD group compared to their peers. Taken together, overall 

lexical knowledge may be a relative strength in the ASD group, while the acquisition 
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of mental, cognitive state, and social-emotional terms may be specifically impaired in 

the ASD population (Tager-Flusberg et al., 2005). 

Few studies have investigated the acquisition of grammar in individuals with 

ASD (Tager-Flusberg et al., 2005). Tager-Flusberg and colleagues (1990) examined 

six individuals with ASD and six individuals with Down Syndrome ranging in age 

from 3-6 years investigating their development of grammar. Mean Length of 

Utterance (MLU) from 100 spontaneous utterances was similar in both groups. The 

same language samples were then taken from this study and Scarborough and 

colleagues (1991) re-examined them looking at grammatical construction using the 

Index of Productive Syntax (IPSyn). This analysis revealed that the ASD group did 

not score well on the IPSyn and a closer look at the data revealed that the ASD group 

had a narrower range of syntactic construction and asked fewer questions 

(Scarborough, Rescorla, Tager-Flusberg, Fowler, & Sudhalter, 1991). 

Developmentally, it has been suggested that syntax follows a similar trajectory that is 

observed in the TD population and the developmental trajectory is more correlated 

with mental age than chronological age (Tager-Flusberg, 1981; Tager-Flusberg et al., 

2005). The acquisition of morphology from a spontaneous speech sample has also 

been investigated in individuals with ASD. In a study examining 10 children with 

ASD (mean age 10), 10 children with intellectual disability (mean age 10) and 10 

mental-age TD controls (mean age 6), Bartolucci and colleagues (1980) observed that 

the ASD group omitted certain morphemes not observed in the TD group such as 

articles, auxiliary and copula verbs, past tense, third-person present tense, and present 

progressive (Bartolucci, Pierce, & Streiner, 1980). No differences were found between 
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the ASD and the intellectually disabled group, but when these categories were ranked 

in order of percentage of omissions, both groups differed significantly, suggesting that 

individuals with ASD may develop morphology differently from the two other 

contrast groups. In another study examining of present progressive -ing and past tense 

-ed for different verbs, Bartolucci and Albers (1974) compared children with ASD 

(ages 6-11), children with intellectual disability (ages 9-10), and mental age matched 

TD controls (age 4). Results regarding the present progressive were similar but 

differences emerge with regards to past tense in the ASD group. The percent of correct 

responses was 80% for the normal children, 60% in the intellectually disabled group, 

but only 8% in the ASD group. Marking past tense has also been found to be a deficit 

when compared to individuals with Down Syndrome (Tager-Flusberg et al., 1990). 

Due to these difficulties, Robert and colleagues (2004) have suggested that a subgroup 

of children with ASD have grammatical deficits similar to the deficits observed in 

children with specific language impairment (Roberts, Rice, & Tager-Flusberg, 2004).  

With regards to nonverbal communication such as eye contact, it has been 

suggested that children with ASD have very little interest in the human face (Carter et 

al., 2005; Volkmar, 1987). As high as 90% of parents and caregivers reported that 

their child often, very often, or almost always avoided eye contact when asked about 

their child’s behavior before the age of six. In the same study, only 6% of parents and 

caregivers reported their child to rarely or never avoided eye contact (Volkmar, 

Cohen, & Paul, 1986). Speed of gaze shifting has also been studied in children with 

ASD. Senju and colleagues (2004) found that children with ASD ages 10-11 did not 

shift their gaze towards social cues in the environment as quickly as TD children while 
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having similar reaction times towards a non-social cue of an arrow point (Senju, Tojo, 

Dairoku, & Hasegawa; 2004). Eye tracking studies have been employed to see where 

individuals with ASD gaze when interacting with others. Klin and colleagues (2002) 

examined visual fixation in 15 teenage males with ASD and 15 TD individuals 

matched on verbal IQ and gender. Results showed that the autistic group has reduced 

fixation to the eye region of the face compared to the control group when viewing 

naturalistic social situations. In addition, individuals with ASD who fixated on the 

mouth tended to have better social functioning skills while individuals with ASD who 

spent more time on objects correlated with more autistic social impairments. Gestural 

expressions of emotion have also been examined in individuals with ASD. In a study 

using point-light attached to the truck and limbs of moving bodies, children and 

adolescent (mean age of 14) with ASD were compared to a control group matched on 

age and verbal ability (Moore, Hobson, & Lee, 1997). Gestures of surprise, sadness, 

fear, anger, and happiness were tested. Results showed that 12 of the 13 in the control 

group made at least one emotional state when describing the point light bodies, while 

10 of the 13 ASD never used an emotional term to describe the point light bodies. 

Looking at the responses, the ASD group mostly describe the movement and action 

rather than describing the feelings of the point-light stimuli. Complex emotions such 

as pride and embarrassment have been investigated in individuals with ASD (Capps, 

Yirmiya, & Sigman, 1992). When describing pride and embarrassment, two socially 

derived emotions, individuals with ASD tend to cite situations that were less personal 

than the TD contrast group. In addition, the ASD group required more time and 

prompts to describe what these emotions were. The complex emotion of guilt has also 
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been studied and similar results to the emotion of pride have been found. Kasari and 

colleagues (2001) examined the responses to guilt in HFA and when compared to the 

TD control group, found statements that described rule breaking and damage to 

property, rather than causing physical or emotional harm to others. Taken together, 

individuals with ASD have deficits with regards to emotions and not surprisingly, 

these deficits are more pronounced for complex emotions.  

Another nonverbal channel of communication that has been studies in school-

age children with ASD is affective facial expression. Pre-school children with ASD 

have shown deficits to both the perception and production of facial expressions. This 

deficit seems to persist in older children and adolescence with ASD. In a study 

examining children, adolescents, and young adults with ASD and Down Syndrome 

(ages 6-26), subjects had to imitate five affective facial expressions. The authors 

described the results from the ASD group as unusual and bizarre even noting that 

expressions looked “mechanical”. The authors concluded that producing elicited 

affective expressions is more difficult for individuals with ASD than for individuals 

with Down's syndrome of similar chronological age, mental age, and IQ (Loveland et 

al., 1994). In another posed affective facial expressions study, MacDonald and 

colleagues (1989) had individuals with ASD express emotions both facially and 

vocally. In both modality, the HFA group were rated and judged as being more “odd” 

compared to the TD group. In addition, judges had a more difficult time judging the 

production of affective facial expressions, especially the negative emotions. It has 

been suggested by Loveland and colleagues (1994) that there is both a qualitative and 
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quantitative deficit in individuals with ASD when it comes to affective facial 

expression.  

In multiple studies examining social behaviors between school-age individuals 

with ASD and their interlocutor, various atypicalities have been observed. In many of 

these studies, the focus has been on one particular group and one particular domain. In 

the current dissertation, the goal is to construct social and communicative profiles of 

all of our groups to answer this question: How do school-age children communicate 

with an adult during a dyadic social interaction? In answering this question, we will 

investigate children ages 7-14 during a dyadic social interaction with an adult. 

Multiple aspects of communication will be examined such as: How do children with 

HFA perform on the structural aspects of language such as morphological proficiency 

and use of complex syntax? How do these same children use eye gaze and facial 

expression in social interaction? How are non-verbal communicative behaviors used 

during the production of affective speech? How do listener behaviors differ from those 

of speaker? Will a specific pattern emerge from the HFA group that deviates from the 

other neurodevelopmental groups and the TD group? If so, how do these behaviors 

deviate from those groups? Taken together, data from these tasks will provide a 

foundation where we can construct patterns of social and communicative behaviors, 

which will lead to our ultimate goal of building detailed communicative profiles for 

each of our groups. 

 

Social and Communicative Behaviors in Children with Williams Syndrome 
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Introduction to Williams Syndrome 

 Williams Syndrome (WS; also known as Williams-Beuren Syndrome or WBS) 

is a rare neurodevelopmental genetic disorder, characterized by a hemizygous deletion 

of about 25-28 adjacent genes on the long arm of one copy of chromosome 7 

(7q11.23; Ewart et al., 1993; Lowery et al., 1995; Marenco et al., 2007; Mervis & 

Becerra, 2007). Early estimates of incidence proposed 1 in 20,000 live births 

(Greenberg, 1989), but current estimates of WS are between 1 in 7,500 to 1 in 10,000 

live births (Bhattacharjee, 2005; Stromme, Bjornstad, & Ramstad, 2002). Williams 

Syndrome affects males and females equally and has been found in all ethnic groups 

throughout the world (Pennington, 2008, p. 187; Wu et al., 1998). 

 Individuals with WS provide a unique opportunity to investigate the 

relationship between genetics, cognition, and behavior, since both the genetic basis of 

this syndrome and its behavioral phenotype are relatively well defined. Of interest to 

cognitive scientists is the uneven neuropsychological profile where a pattern of 

strengths and weaknesses in cognitive abilities exists and has become a distinguishing 

feature of WS (Bellugi, Lichtenberger, Jones, Lai, & St. George, 2000; Deruelle, 

Rondan, Mancini, & Livet 2006; Tager-Flusberg & Sullivan, 2000). Strengths in 

certain cognitive domains include linguistic abilities, facial processing, sociability, and 

a strong affinity to music, whereas weaknesses are seen in impaired executive 

functioning, problem solving abilities, visual spatial skills, conceptual reasoning 

abilities, drawing abilities, time perception, motor control, and arithmetic (Bellugi, 

Lai, & Wang, 1997; Bellugi et al., 2000; Elgar & Campbell, 2001). Individuals with 

WS have intellectual disabilities with Full Scale Intelligent Quotient (FSIQ) scores 
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ranging from 40-90 with a mean of 55 (Bellugi et al., 2000). When examining sub-

scores, Verbal IQ (VIQ) exceeds Performance IQ (PIQ) scores with a mean VIQ at 63 

and a mean PIQ at 55 (Martens, Wilson, & Reutens, 2008). One of the defining 

characteristics of WS is the peaks and valleys of cognitive abilities. Despite the low 

IQs of individuals with WS, when compared to both mental and chronological age 

match controls in both typically developing and intellectually disabled groups, their 

expressed sociability is significantly higher and this behavior has been observed in 

multiple domains. Numerous anecdotes and observations have been made regarding 

WS social behaviors, as early as the 1950s, even before the syndrome was named. 

Since the 1980s, laboratories across the world have tried to characterize and quantify 

the social phenotype of individuals with WS, and with great regularity, have found 

that individuals with WS are overly social as if they are ‘addicted’ to sociability and 

seek out others to make social connections. The social phenotype includes: approach 

behaviors including approaching strangers, the use of language for social purposes, 

expressivity when engaging in music, and the attraction to others’ faces, specifically, 

the eye region of the face. This behavioral phenotype is unique to the WS population 

and allows researchers to not only tease apart potential gene-behavior correlations, but 

also investigate the underpinnings of these overly social behaviors.  

In 1961, cardiologist Dr. J.C.P. Williams of New Zealand first recognized WS, 

where he described four children with intellectual disability. All four children shared 

similar facial features and had a heart condition known as supravalvular aortic stenosis 

(Williams, Barratt-Boyes, & Lowe, 1961). A year later, German cardiologist Dr. Alois 

Beuren, identified another group of four children with similar cardiovascular deficits 
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with three of the four also displaying similar facial characteristics and low IQ (Beuren, 

Apitz, & Harmjanz, 1962). As such, this syndrome has also been known as Williams-

Beuren Syndrome. Two years later, Dr. Beuren diagnosed seven additional patients 

and noted dental abnormalities in nine of the ten children with WS (Beuren, Schulze, 

Erberle, Harmjanz, & Apitz, 1964). Also that year, Scottish researchers von Armin 

and Engel (1964) noted six children having similar characteristics described by 

Williams in 1961, of which five had symptoms of infantile hypercalcemia, a condition 

where elevated levels of calcium are present in the blood. Prior to the recognition of 

the syndrome, symptoms of WS appeared to be labeled as infantile hypercalcemia. 

Lowe and colleagues (1954) were examining infantile hypercalcemia and noted that 

these infants had an ‘elfin face’ (Lowe, Henderson, Park, & Mcgreal, 1954). In 

another study documenting four cases of infantile hypercalcemia, Joseph and Parrott 

(1958) noted the unusual facies in children with severe infantile hypercalcemia. In 

their conclusion, they suggested that both the mild and severe cases of infantile 

hypercalcemia should not be considered separate syndromes (Joseph & Parrott, 1958). 

Along with hypercalcemia and distinctive facial features, the early descriptions of 

children and adolescents with WS noted a curious set of behavioral features centered 

on their sociability:  

“The salient features of the psychological structure are an unusual 
command of language, combined with an unexpectedly polite, open 
and gentle manner... Initially the children appear to be more intelligent 
than they later prove to be” (von Armin & Engel 1964).  
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The quote above highlights the typical individual with WS with relative strength in the 

use of language in addition to their positive social disposition. Interestingly, their low 

IQ is masked as they exploit their strength in using language for social purposes.  

 

Genetic Underpinnings of Social Behavior in Williams Syndrome 

Williams Syndrome is a genetic disorder with a well-defined deleted region on 

one copy of chromosome 7. Because of the clear etiology of the syndrome, it has 

allowed researchers to study the potential link between certain gene(s) and their role in 

cognition and behaviors. Previous research on genes within the WS region has linked 

certain genes to their proposed functions. For example, the genes ELN (elastin), FZD3 

(human homolog of the Drosophila gene, frizzled), STX1A (syntaxin 1A), GTF2I 

(general transcription factor II-I), and GTF21RD1 (GTF2I repeat domain containing 

protein 1) have been linked to specific deficits found in individuals with WS.  

 One method to examine the role of certain genes is to examine individuals with 

partial deletions within the WS deleted region. By comparing the behavioral 

characteristics of these individuals with individuals with the full WS deletion and 

typically developing (TD) individuals, researchers can potentially begin to isolate the 

role of individual genes to their function(s). Botta and colleagues (1999) examined 

two individuals with partial deletions with STX1A and FZD3 preserved. Even with 

these two genes intact, these two individuals displayed similar behavioral patterns to 

full deletion WS with the exception of not having hypercalcemia. The authors suggest 

genes from ELN to the telemetric end of the deletion is responsible for the most 

phenotypic aspects of WS (including hyper-sociability), while genes centrometric to 
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ELN such as STX1A and FZD3 may play a role in hypercalcemia (Botta et al., 1999). 

Aspects of social behaviors have also been examined with two leading gene 

candidates, GTF2IRD1 and GTF2I. First, Hirota and colleagues (2003) studied 60 

participants with WS, three of whom had partial deletions. Most importantly, all three 

cases had genes preserved towards the telomeric end of the chromosome including 

GTF2IRD1 and GTF2I. Behavioral testing revealed some preserved aspects of visual-

spatial cognition. For example, on the elephant-copying task from the Boston 

Diagnostic Aphasia Examination (BDAE; Goodglass, Kaplan, & Barresi, 2001) each 

of the drawings were superior to individuals with the full WS deletion, even though 

one of the partial deletion subjects had a PIQ of 51. The researchers concluded that 

GTF2IRD1 and GTF2I contribute to impairments in visual-spatial cognition observed 

in individuals with the full WS deletion (Hirota et al., 2003). Second, Dai and 

colleagues (2009) took the next step in distinguishing the individual roles of 

GTF2IRD1 and GTF2I by examining the physical, cognitive, and social aspects of 

behaviors associated with a set of genes that included GTF2IRD1 but not GTF2I. 

Physically, this individual displayed many of the same characteristic as full deletion 

WS including similar facial features, short stature, and supervalvular aortic stenosis. 

Cognitively, the deficits were less severe in this individual with this particular partial 

deletion. Moreover, this individual performed well above individuals with the full WS 

deletion on many language tasks and some visual performance tasks. Socially, this 

individual did not approach strangers, preferred non-social over social activities, and 

exhibited decreased eye contact. With this profile, the authors proposed that GTF2I 

might contribute to the WS social behavioral profile that includes increased eye gaze 
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and attention/approach to strangers. The authors also suggest that the gene GTF2IRD1 

may play a role in the development of the typical WS facies and contribute to some 

but not all of visual-spatial cognitive deficits. This individual was able to perform like 

TD controls on certain spatial recognition tasks but had difficulties with integrating 

visual-motor tasks (Dai et al., 2009). It is important to note that there are multiple 

mechanisms that can contribute to genetic variability, which will certainly contribute 

variations to the phenotype. These can include gender, the parental origin of the 

deletion, effects of neighboring transcriptional potential, the expression or sequence of 

genes on the non-deleted chromosome 7, variation in the remaining 30,000 genes in 

the human genome, and environmental effects (Korenberg et al., 2008). Even with 

these challenges, within the past decade, geneticists have made tremendous progress in 

unlocking the genetic underpinnings of WS. Not only will their discoveries inform our 

understanding of WS, but also how genetics contributes to brain development and 

their functions in the broader general population. 

 

Social Approach Behaviors in Williams Syndrome 

One of the defining characteristics of individuals with WS is their approach 

behavior and their need to connect with other individuals. The phrase “everyone is my 

friend” has been uttered many times within the WS group and this includes strangers. 

Recent studies have tried to quantify this phenomenon in which individuals with WS 

will indiscriminately approach strangers as if they were friends. One way to assess 

approach behaviors is through parental questionnaires. The Salk Institute Sociability 

Questionnaire (SISQ) was developed to quantify social and affective behaviors 
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including approach behaviors, remembering faces and names, eagerness to please, and 

empathy (Jarvinen et al., 2008; Zitzer-Comfort, Doyle, Masataka, Korenberg, & 

Bellugi, 2007). The SISQ has been used to detect approach behaviors in different 

cultures and with different groups with intellectual disabilities as well as 

developmental studies within the WS population (Doyle et al., 2004; Järvinen-Pasley 

et al., 2008; Jones et al., 2000; Zitzer-Comfort et al., 2007). In a parental report study, 

Doyle and colleagues (2004) contrast social behaviors in children with WS, Down 

Syndrome (DS), and TD controls. Results showed that on all aspects of sociability, the 

WS group was rated significantly higher than all contrast groups. Developmentally, 

when compared to TD controls in three different age groups (Young: 1-4 years, 

Intermediate: 4-7 years, and Oldest: 7-13 years), the WS group had higher global 

sociability and stranger approach scores (Doyle et al., 2004). The same patterns were 

found when compared to the DS group except for approach strangers in the oldest age 

category. Social behaviors have also been examined in young adults with WS (mean 

age of 18 years), ASD (mean age of 19 years), DS (mean age of 18 years), and TD 

controls (mean age of 17 years). The findings by Jones et al. (2000) are similar to 

Doyle et al. (2004) where the WS group was rated as significantly more social than the 

other three groups. When examining the subscales of the SISQ, differences in social 

approach behaviors were found, as the WS group was rated highest in approaching 

others, whereas the ASD group were rated the lowest (Jones et al., 2000).  

Another way to assess approach behaviors is through the rating of unfamiliar 

face stimuli. Due to reports of individuals with WS approaching strangers 

indiscriminately, rating faces of strangers can provide answers to whether these 
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individuals with WS prefer all strangers or if there is a disconnect between their 

ratings and actual approach behaviors. Interestingly, these types of ratings have 

revealed contradictions to actual approach behaviors in individuals with WS. Frigerio 

and colleagues (2006) found that individuals with WS (mean age of 16 years) do not 

always rate faces as highly approachable: unapproachable faces were rated lower on 

approachability compared to TD controls (mean age of 15 years). When rating happy 

faces, the WS group rated these as more approachable than TD controls, perhaps 

exhibiting a positive bias that has been observed in the WS phenotype (Bellugi, 

Adolphs, Cassady, & Chiles, 1999; Jones, et al., 2000). The authors suggest the 

incongruencies in face rating and actual approach behaviors may be due to difficulties 

in inhibiting the compulsion towards social interaction (Frigerio et al., 2006). Ratings 

of approachability have also been administered to adolescents and adults with WS. 

Bellugi and colleagues (1999) presented black-and-white photographs of unfamiliar 

adults (who previously had been rated on how approachable they appear by TD 

individuals) and asked if these individuals with WS were willing to approach and talk 

with the person in the photograph. Results indicated a positive bias once again in the 

WS group (mean age of 23 years) when compared to the TD group (mean age of 25 

years) as individuals with WS rated unfamiliar faces that were rated as positive by TD 

individuals as significantly more approachable than did controls (Bellugi, et al., 1999). 

These studies on approach behaviors begin to elucidate our knowledge about the 

overly social behavior that is characteristic of this syndrome. In this study, we will 

investigate social behaviors when participants interact socially with a person they just 

recently met. During this interaction, a one-on-one interview is conducted where 
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multiple channels of communication will be extracted to help build social and 

communicative profiles on the WS group. Will we see the typically overly social 

phenotype during this dyadic social interaction with an adult?  

 

Language Development in Williams Syndrome 

 Language use has been considered a relative strength within the WS 

population. This strength in not ubiquitous on all language measures, as individuals 

with WS perform poorly on standardized language tests. For example, in 14 separate 

studies where the verbal portion of IQ test was reported, individuals with WS scored 

an average of 63 (Martens et al., 2008). Another example can be found on the Carrow 

Elicited Language Inventory (CELI; Carrow, 1974) where individuals with WS scored 

closer to those who are matched by mental age versus chronologically age-matched 

peers (Mervis & Becerra, 2007). Tests of language comprehension such as the Test for 

Reception of Grammar (TROG, Bishop, 1982) show individuals with WS performing 

comparably to their mental age match controls. Developmentally, language in the WS 

population seems to develop in a different route compared to their TD peers.  

 In preverbal TD infants, actions such as joint attention and gesturing are seen 

as supporting language development. In a study by Laing and colleagues (2002) 

infants with WS (mean age of 2.5 years) when compared to TD infants matched on 

mental age (mean age of 1.1 year) examining the patterns of infant’s social 

interactions. Infants with WS were found to have good dyadic interactions but 

impairments in triadic interaction. It has been suggested that individuals with WS have 

difficulties disengaging from their interlocutor’s face, which can impede triadic 
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interaction, as the infant are not able to follow pointing gestures from the adult 

addressee. In the same study, WS infants were found to have impairments compared to 

the TD control group in referential pointing and this pointing deficit was not due to 

any impairment in fine motor control (Laing et al., 2002). With regards to the 

acquisition of first words, this achievement is delayed in children with WS compared 

to their TD peers. In a study by Mervis and colleagues (2003), examining the 

acquisition of first words in 13 children with WS, it took an average of 28 months for 

the WS group to achieve 10 words while the TD population achieved 10 words around 

12-13 months. For 50 words, it took 36 months for the WS group while it only took 

the TD group 16-17 months. For 100 words, it took the WS group 40 months 

compared to 18-20 months for the TD group (Mervis, Robinson, Rowe, Becerra, & 

Klein-Tasman, 2003).  

Formal aspects of language have also been investigated in children with WS. 

Investigations of morphological processing in WS have produced varied results. 

Clahsen and colleagues (2004) examining regular and irregular verb, found 9 children 

with WS (age range of 9-16 years), producing at ceiling on regular verbs, the same 

performance as 18 mental-age matched TD children (age of 5 years). Differences were 

seen when it came to irregular verbs, as the WS group overgeneralized –ed to irregular 

verbs (Clahsen, Ring, Temple, 2004). Others have not found differences with regards 

to past tense performance. Thomas and colleagues (2001) investigated 21 individuals 

with WS (age range between 10-53 years) and found no differences in irregular past 

tense usage (Thomas et al., 2001). In another study, Losh, Reilly, Bellugi, & Anderson 

(2000) examined the production of morphological errors on an oral narrative task 



	  

	  

51 

compared to three TD control groups: chronologically age-matched controls; 

language-matched younger controls; and visual-spatially matched younger controls. 

Results showed the children with WS consistently made more morphological errors 

than all three TD comparison groups. Together these studies suggest that morphology 

may be an area of deficit in individuals with WS, as their performance suggests they 

may be more in-line with mental-age match TD controls. Syntax has also been 

investigated in individuals with WS. On a test for comprehension of semantically 

reversible passive sentences, compared to their intellectual age-matched Down 

Syndrome controls, the WS subjects achieved almost perfect scores, whereas the DS 

subjects performed as chance level or below chance (Bellugi, Bihrle, Jernigan, 

Trauner, & Doherty, 1990; Bellugi, Klima, & Wang, 1996). In addition, Losh and 

colleagues (2000) found relatively few complex syntax when telling a narrative 

compared to TD control groups, but these constructions increased with age, falling 

within the normal range as in the older WS groups (Losh et al., 2000). Taken together 

these results on the production of syntax suggest that individuals with WS have some 

knowledge of grammatical structures and productivity of syntax becomes more 

complex with age. Semantic abilities and lexical knowledge have also been probed in 

individuals with WS. When compared to mental age matched Down Syndrome 

individuals on the Peabody Picture Vocabulary Test (PPVT), six individuals with DS 

scored below what is expected for their mental age. In comparison, 5 of the 6 

individuals with WS were at or above what is expected for their mental age. In 

addition, on a 60-second word generation task, the WS group produced on average 26 

words compared to 15 for the DS group. Interestingly, the WS group produced many 
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unusual and low frequency words. Oddities for the category of animals included 

“unicorn,” “yak,” “ibex,” and “water buffalo,” (Bellugi et al., 2000). Despite the 

general cognitive impairments in individuals with WS, the formal aspect of language 

do seem delayed at first, but do progress overtime, making language a domain that is a 

relative strength in their cognitive profile.  

 

Social Language Use in Williams Syndrome 

 The strength in language that has been characteristic of WS can be observed 

when individuals with WS are free to express themselves using language for social 

purposes (Losh, et al., 2000; Reilly, Klima, & Bellugi, 1990). The use of language in 

social situations has been documented in anecdotes and quantified through language 

samples. For example, in von Armin and Engel (1964), four separate case studies were 

described and in each case, the individual with WS were noted as being talkative.   

 

Case A: He has a peculiar jocular streak and likes to clown; for 
instance he will bow in an exaggerated manner when saying “good 
morning”.  -Is nice and friendly but can do little with his hands. He is 
mainly concerned with talking. (von Armin & Engel, 1964, p. 370) 

  

Case B: After seeing the performance of a fairy-tale play, he was 
unable to retell more than single disjointed parts. Yet he talks about it 
with uninterrupted fluency. 
From medical report on admission: ‘He speaks rapidly and articulates 
well, with a fairly large vocabulary and much gesturing. His behaviour 
is restless, yet he has an exceptionally polite manner.’ 
From Matron’s report: ‘When A. joined us he was open and friendly 
and settled down at once in his new surroundings. He was talkative 
and had a great command of language, always speaking in a kind, 
grandfatherly way. In the beginning he gave such a normal impression 
that perhaps too much was demanded of him. It was as though he did 
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not dare to reveal his true nature and always covered it up with much 
talking. (von Armin & Engel, 1964, p. 370-371) 

 

Case C: A. enjoys talking and whenever one subject becomes 
exhausted he will adroitly turn to another. Evidently not just the 
imparting of information but the act of speaking as such seems to him 
a necessity, perhaps as a means of self-assertion. 
From Matron’s report: ‘A. was very open from the beginning. - 
Incessant talking, but clumsy in his movements. (von Armin & Engel, 
1964, p. 372) 
 

Case D: Nursery-mother’s report: ‘Apparently she used to be the 
centre of attention and to charm everyone around her.’ Any question 
will bring out her enjoyment of talking. Her school-report also stresses 
her preoccupation with talking and singing. (von Armin & Engel, 
1964, p. 373) 

 

As with the four case studies above, spontaneous talk is a characteristic of WS. 

Studies within the last two decades have tried to quantify the quality of spontaneous 

speech in WS. Young children with WS during spontaneous speech have been found 

to produce significantly more grammatical errors than their age-matched peers up until 

adolescence. Reilly and colleagues (2004) found similar rates of grammatical errors 

comparing age-matched children (mean age of 8 years) with WS and children with 

language impairment, who are not intellectually disabled, in a narrative task (Reilly et 

al., 2004). However, with regards to the way language is expressed, individuals with 

WS are good talkers who use language for their own social purposes (Reilly, Lai, 

Bernicot, & Bellugi, 2010). Examining narratives in school age children with WS 

(ages between 5-10 years), Losh and colleagues (2000) using the Reilly Evaluation 

Coding System (RECS; Reilly, Bates, & Marchman, 1998; Reilly et al., 2004), found 

stories containing high levels of affect and sociability. This type of expressivity is 
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known as ‘social evaluative language’ where language is used to attract and maintain 

the listener’s attention through the narrator’s attitude or perspective. Evaluative 

devices are linguistic tools used to express the narrator's attitude towards an event 

and/or provide emotional content of a situation. Categories include attributing 

emotions and motivations to characters, building suspense, and maintaining audience 

involvement (Reilly et al., 1990). Examples can include the use of emotional states 

and verbs, emphatics, intensifiers, character speech, direct quotes, audience hooks, and 

sound effects. Higher uses of social evaluative devices have been found in different 

age groups, languages, and cultures in individuals with WS compared to TD 

individuals within the same environments.    

  As mentioned above, individuals with WS are at their most expressive when 

they are free to engage verbally. When placed in a situation where individuals with 

WS have to perform in a narrower social context, they have more difficulties. Law and 

Bishop (2004) used the Children’s Communication Checklist, a parental questionnaire 

identifying potential pragmatic impairments and found that indeed, individuals with 

WS (n=19) not only have deficits in pragmatics, but difficulties in social relationships 

and restricted interests. When comparing the total pragmatic composite scores of those 

with WS to children with DS (n=24) and those with Language Impairment (n=17), 

only the WS group scored below the cut-off point, indicating pragmatic impairments 

(Laws & Bishop, 2004). In a study on French WS children (mean age of 12 years), 

when conversing with their mothers, the WS group spoke less and had fewer speaking 

turns compared to their TD peers (Lacroix, Bernicot, & Reilly, 2007). In open-ended 

and less constrained situations, where individuals with WS can take the social 
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initiative, excessive use of social language has been documented. Excessive use of 

social language has been found in different cultures (i.e. French, American, and 

Italian) wherein individuals with WS produce a larger proportion of social evaluative 

devices when compared to TD individuals of the same culture (Reilly, Bernicot, 

Vicari, Lacroix, & Bellugi, 2005). In sum, within the language domain, those with WS 

show a sharp distinction: weaknesses are found with regards to language structure 

(i.e., morphosyntax), while relative strengths are in the social use of language.  

 Language may also be processed differently in individuals with WS. 

Examining brain patterns when engaging in language-related task has been examined 

in WS. Fishman and colleagues (2010) used ERPs to examine the N400, a marker that 

has been used to quantify the processing of semantic integration (Kutas & Hillyard, 

1980; 1984). Comparing individuals with WS (mean age of 21 years), individuals with 

ASD (mean age of 31 years), and TD individuals (mean age of 30 years), the largest 

N400 was found in the WS group and the smallest N400 was found in the ASD group. 

The authors suggest that the WS group may be relying more on contextual cues, 

integrating individual words into the full sentence, therefore resulting in the largest 

N400, while the opposite pattern is true for the ASD group (Fishman, Yam, Bellugi, 

Lincoln, & Mills, 2010). The authors also proposed that WS and ASD might develop 

divergent N400s due to their social-behavioral tendencies. Different developmental 

paths with greater social interaction in WS and greater social avoidance in ASD may 

cause information processing to be altered in both groups when it comes to 

interpreting context and extracting meaning from what is conveyed by other 

individuals.   
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 Individuals with WS exploit language to their benefit as they use their verbal 

abilities to connect with other individuals. It is important to note that not all measures 

of their language use is appropriate or on par with TD individuals. But social language 

use is another channel that individuals with WS use to fulfill their desire/drive for 

social interaction. In this dissertation, a semi-structured biographical interview will be 

examined to see how language is used and how affect is integrated into the interview. 

In addition, both verbal and non-verbal behaviors will be coded to observe how 

children with neurodevelopmental disorders communicate during this task. Will 

certain groups rely on one particular channel of communication? If so, how do those 

behaviors come about? Do these behaviors only occur during segments of narratives 

with affective content, or are these behaviors occurring throughout the biographical 

interview? In addition, how do these children express eye contact and facial 

expression together as they co-occur when engaging in this dyadic social interaction 

the experimenter? Timing and integration of co-occurrences will also be examined to 

see if co-occurrences follow any patterns that may distinguish the WS groups from the 

other contrast groups. Taken together, the behaviors that are expressed during this 

social interaction, both verbal and non-verbal behaviors will be examined to help build 

social and communicative profiles for all of our groups.  

 

Social Biases in Williams Syndrome 

Within the last decade, empirical studies have been conducted to better 

understand the social biases that have become one of the hallmark characteristics of 

WS. What is causing these social biases in individuals with WS? Is the underlying 
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mechanism that leads to these social biases also driving eye gaze behaviors? With 

advances in technology, using an eye-tracker with greater precision has pinpointed 

areas of the face that are most salient in individuals with WS. In a series of studies by 

Deborah Riby and colleagues, the perception of social faces over non-social objects 

was analyzed to explore potential patterns within the WS population.  

One technique of quantifying social behavior is to measure where an individual 

is gazing when processing social scenes. Using an eye-tracker when multiple stimuli 

are present can provide information as to what an individual is currently attending to. 

Riby and Hancock (2008) investigated individuals with WS (mean age of 17) and 

ASD (mean age of 13) as they viewed static pictures depicting social interaction. 

Individuals with ASD spent less time viewing people and faces, whereas individuals 

with WS had prolonged fixation to the face, especially towards the eye regions (Riby 

& Hancock, 2008). Other studies have similar results for the ASD group. Klin and 

colleagues (2002) found that when watching movie clips of interaction between 

characters, TD individuals (mean age of 17) looked at the eyes of characters twice as 

much as individuals with ASD (mean age of 15). In addition, the ASD group spent 

significantly more time viewing the mouths and bodies of the characters as well as 

non-social objects within the scene (Klin, et al., 2002). With regards to visual fixation 

during scenes of social interaction, a clear difference is seen between the WS and ASD 

groups. Both groups display atypical viewing patterns, but the patterns observed do 

reflect their larger overall social phenotype (Riby & Hancock, 2008).  

 The attraction to faces had Riby and colleagues (2008) hypothesizing that 

individuals with WS process unfamiliar faces as if they are familiar faces. In TD 
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individuals, internal features such as the eyes, nose, and mouth are used to process 

familiar faces. Using both internal facial features and external facial features such as 

hair, chin, and ears, as stimuli, the WS group (mean age of 13 years) were found to 

have greater accuracy using internal facial features to match unfamiliar faces. This 

pattern is unexpected as individuals with WS are using internal features, which is 

typically used when processing familiar faces in TD individuals. The authors suggest 

the results are in line with the atypical social phenotype of WS and may explain why 

individuals with WS have such high ratings of approachability to strangers in addition 

to the pattern of extended gaze towards strangers (Riby, Doherty-Sneddon, & Bruce, 

2008). In a separate study, Riby and colleagues (2009) compared WS (mean age of 

15) and ASD (mean age of 14) on three face-matching tasks. Overall, the ASD group 

performed poorly across all three tasks, with clear deficits when information from the 

eye regions was required to complete the task. The opposite pattern was observed in 

the WS group where they excelled when information from the eye regions was 

required. Due to their proficiency, the authors suggest that individuals with WS may 

be extracting localized configural relationships instead of using the whole face to 

complete these tasks (Riby, Doherty-Sneddon, & Bruce, 2009). 

Riby and Hancock (2009a) have also investigated visual attention in WS (mean 

age of 15 years), ASD (mean age of 12 years), and TD when individuals (mean age of 

13 years) first viewed scrambled pictures containing a face and second when a face is 

embedded in scenes. On both tasks, individuals with WS fixate on the face for much 

longer periods of time than the ASD group. Lack of scene scanning was found in the 

WS group, suggesting that individuals with WS would not disengage to scan other 
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aspects of the scene once locked onto the face in the scene (Riby & Hancock, 2009a). 

Examining responses to movies and still images of cartoons, Riby and Hancock 

(2009b) compared WS (mean age of 17) and ASD groups (mean age of 13) and found 

differences, whereas individuals with ASD did not attend to characters’ faces as much 

as TD controls, the WS group attended for longer periods of time than TD controls. 

Within the ASD group, gaze behaviors were similar whether it was for a human actor 

or cartoon image or cartoon movie. Interestingly, for the WS group, differences were 

found regarding the type of stimuli viewed. The WS group decreased their gaze when 

viewing cartoon characters, which are less ecologically valid, compared to seeing 

human actors. The authors suggest that motion processing, a deficit in the WS profile, 

may play a role in why there was a decrease in gaze behaviors to cartoon characters. In 

addition, the authors also suggest that cartoon depictions of humans may not be as 

salient to individuals with WS (Riby & Hancock, 2009b).   

Arousal and gaze aversion have also been studied in the WS population to 

assess whether WS will avert their gaze when under high levels of pressure, as TD 

individuals typically will do. Doherty-Sneddon and colleagues (2009) calculated the 

amount of gaze aversion when individuals had to answer questions of varying 

difficulties. The WS group (mean age of 14 years) did not differ from the TD group 

(mean age of 17 years) in the amount of gaze aversion when responding to easy 

questions. But as the questions got harder, the TD group began to avert their gaze; the 

WS group also averted their gaze but significantly less so than the TD control group 

(Doherty-Sneddon, Riby, Calderwood, & Ainsworth, 2009).  
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Riby and Back (2010) also investigated the ability to interpret mental states 

(e.g., deciding, disapproving, relieved, surprised, etc.) from faces in chronologically 

age-matched (mean age of 13 years) TD and WS. In this study, certain areas of the 

face were systematically frozen whereas information from either the eye or mouth 

regions were neutrally expressive; therefore, no information about emotions can be 

gleaned from the frozen areas. Both TD controls and individuals with WS perform 

comparably to stimuli consisting of full dynamic faces. But the WS group encountered 

trouble when the eye regions were frozen, and the authors suggest that this region is 

where individuals with WS gather information to infer the mental states of others. 

Conversely, this pattern was not seen in the TD group, suggesting the TD group uses 

other areas of the face to infer the mental states of others when the eye regions are 

frozen (Riby & Back, 2010). Finally, the salience of faces has been quantified by 

measuring the amount of disengagement away from the face in individuals with WS. 

In Riby et al., (2011) individuals with WS (mean age of 13 years) took longer to 

disengage from faces compared to disengaging from an object than TD controls 

matched on non-verbal abilities (mean age of 6 years). This result is similar to an 

earlier study where scanning time was diminished once individual with WS latched 

onto the face within the stimuli. The authors suggest that faces, due to their salience 

may be so powerful that they prolong their attention to faces (Riby et al., 2011). 

Throughout these multiple studies by Riby and colleagues, a clear pattern of a social 

bias is seen in the WS group. Furthermore, the eye regions of the face seem most 

crucial, not only for its salience but an area where individuals with WS rely on when 

gathering social information. For our studies, eye gaze behaviors will be captured 



	  

	  

61 

during the biographical interview to observe whether this eye gaze pattern is also 

observed in a dyadic social interaction with an adult. In addition, eye gaze patterns 

will also be captured when children tell narratives with affective content. And finally, 

eye gaze patterns will be analyzed when children are speaking during the interview 

and when the child is listening to the experimenter during the social interaction. Taken 

together, eye gaze patterns will be captured in multiple contexts during the 

biographical interview and the results will help us build social and communicative 

profiles for all of our groups in our studies.  

Examining brain-behavior correlates using social stimuli may be another 

avenue to investigate potential irregularities that might pave the way to explain overly 

social behaviors characterizing WS. Mills and colleagues (2000) using upright and 

inverted unfamiliar faces found TD individuals (mean age of 24) and individuals with 

WS (mean age of 25) processing faces differently according to event related potential 

(ERP) signals. In the TD group, for upright faces a N320 was elicited while inverted 

faces elicited a P500. In individuals with WS, both upright and inverted faces elicited 

an N320. The authors also found differences with regards to attention when viewing 

faces. The WS group had an abnormally small N100 and large N200 for both upright 

and inverted faces which the authors suggest is related to the WS group attraction to 

faces (Mills et al., 2000). The fusiform face area located on the inferior medial surface 

of the temporal lobe (Haas & Reiss, 2012) has been examined in individuals with WS. 

Using magnetic resonance imaging (MRI), adults with WS were found to have greater 

grey matter thickness and density within this area compared to TD adult controls 

(Thompson et al., 2005; Reiss et al., 2004). Greater activation have been found when 
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individuals with WS view faces in this area. Using functional magnetic resonance 

imaging (fMRI), Mobbs and colleagues (2004) found that adults with WS (mean age 

of 30) had stronger activation in the right fusiform gyrus compared to TD controls 

(mean age of 33) (Mobbs et al., 2004). Golarai and colleagues (2010) also found the 

fusiform face area to be approximately two times larger in volume compared to TD 

controls, despite the smaller size of the fusiform gyrus (Golarai et al., 2010). O’Hearn 

and colleagues (2011) also using fMRI, displayed human faces, cats faces, houses, and 

shoes to individuals with WS (mean age of 18 years) and to both mentally age-

matched (mean age of 7 years) and chronologically age-matched (mean age of 17 

years) TD controls. The fusiform face area was larger in the WS group when 

compared to mental age matched and similar to chronological age match TD controls. 

Interestingly, non-face objects such as houses produced smaller activation in WS 

compared to both mental and chronological age matched TD controls. Hass and Reiss 

(2012) suggest the smaller cortical representation for non-face objects may contribute 

to the advantages individuals with WS have with regards to face processing (Haas & 

Reiss, 2012).  

The social phenotype in WS is unusual where atypical patterns are seen in 

every domain discussed above. With respect to approach behaviors, individuals with 

WS at times will seek out even strangers to make a connection. With regards to social 

language use, individuals with WS exploit language to their advantage as they 

socialize with others. Individuals with WS disproportionally use social evaluative 

devices in their speech to entice others into their conversations. Finally, abnormal gaze 

behaviors towards social stimuli have been documented in the WS group. Taken 
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together, the social phenotype of individuals with WS is unique, and through the 

current study, we can further elucidate our knowledge of the WS social phenotype by 

comparing communicative behaviors observed during different contexts when 

engaging in a social interaction with an adult experimenter. Our studies will examine 

verbal language output, structural language production, affective language use, eye 

gaze behaviors, facial expression production, the co-occurrences of these two 

nonverbal channels and its integration with language, and social behaviors of school-

age children across different contexts (neutral narratives vs. positive narratives; 

speaker vs. listener). With this data, we can build and construct detailed social profiles 

characterizing each group’s communicative phenotype.  

 

Social and Communicative Behaviors in Children with Perinatal Stroke 

Introduction to Children with Perinatal Stroke 

Children with perinatal stroke (PS) have experienced a cerebrovascular event 

in the perinatal period, which occurs between the last trimester of gestation and up to 

the first month after birth. The estimated prevalence rate of PS is 1 in 4,000 births 

(Lynch, Hirtz, DeVeber, & Nelson, 2002; Lynch & Nelson, 2001). A PS most often 

results in a significant lesion that affects one hemisphere, most often the left 

hemisphere (Lynch et al., 2002; Rutherford, Ramenghi, & Cowan, 2012; Volpe, 

2001). For the children with PS in our studies, the result of the stroke is a contiguous 

lesion to one side (unilateral) of the brain.  

Diagnosis of PS can occur in utero, at birth, or months after birth. For preterm 

infants, 75% will be diagnosed through a scheduled ultrasound where a hemorrhage 
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can be located (Benders, Groenendaal, Uiterwaal, & de Vries, 2008). For term infants, 

70% will have seizures in the neonatal period. Other symptoms for term infants can 

include lethargy, hypotonia, feeding difficulties, and apnea (Lynch, 2009). 

Misdiagnosis have also occurred, especially for acute ischemic stokes where the 

ultrasound was not sensitive enough to locate the injury. Some children with PS show 

no signs of difficulties at birth but deficits are noticeable months later, when limb use, 

especially one of the hands, is much weaker due to hemiparesis (Stiles, Nass, Levine, 

Moses, & Reilly, 2010). Hemiparesis is defined as weakness on one side of the body. 

Other signs leading to a retrospective diagnosis of PS can manifest in symptoms such 

as delayed milestones and recurrent seizures. Most infants with PS will not have 

continuous seizures after birth, while 25-40% will have seizures that are continuous 

but controllable. The size and location of the stroke plays an important role in 

manifesting seizures. For example, when an infants have damage to the basal ganglia 

without any damage to the cortex. Having only subcortical damage can lower the rates 

of seizures, therefore, as a result it is much harder to diagnose at birth (Lynch, 2009). 

The middle cerebral artery along with its distribution of networks is commonly 

involved in the cerebrovascular event leading to a PS. Once a PS has been determined, 

electroencephalograms (EEG) are used to assess abnormal brain electrical activity, and 

scans such as magnetic resonance imaging (MRI) are used to detect and locate the 

lesion. Classification data have shown a higher prevalence rate of PS in African 

American when compared to Caucasians (National Hospital Discharge Survey from 

Lynch & Nelson, 2001) and is more likely to occur in males than females (Golomb, 

Fullerton, & Nowak-Gottl, 2009; Golomb et al, 2001). 
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 Many risk factors can culminate in a PS. For example, any type of maternal 

coagulation disorders can result in an increase chance of blood clots to the neonate. 

Higher rates of PS have been found when there were complications during the 

pregnancy and delivery phase (Wu et al., 2004). Specifically, preeclampsia resulted in 

a 3.6-fold increase in PS as there was reduced utero-placental blood flow, potentially 

due to clots forming within the placenta. Wu and colleagues (2004) also reported a 5-

fold increase in PS due to intrauterine growth restrictions, which is due to a host of 

factors such as lesions within the placenta, increase maternal clotting, and placental 

insufficiency. Infections have also led to PS as the mother is in a hypercoagulable 

state, which can bring on an increase chance of blood clots. In addition, depletion of 

protein C and antithrombin III are observed when fighting an infection, which can lead 

to a higher risk for PS as these two substances inhibits coagulation (Lynch, 2009). 

Within the neonate, cardiac disorders can cause clots that can embolize to the brain 

causing a PS. Recently, studies have started to look at genetic factors to find clues if 

these precursors to PS are passed down from mother to neonate. Looking at the 

genetics regulating thrombosis, Miller et al. (2006) found no differences between 59 

newborns with PS and 437 controls. Although there were no differences found, more 

research is needed in this area of study. Finally, environmental risk factors are likely 

to play a role, as the environment during the peripartum period is when the majority of 

strokes occur. When this period passes in the infant, the rate of injury goes down 

significantly, implicating the environment during this period is a key factor in PS 

(Kirton & deVeber, 2006).  
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IQ in Children with Perinatal Stroke 

Studies investigating IQ levels in children with PS have found inconsistent 

results. The range of performance on IQ tests goes from no differences when 

compared to typically developing (TD) controls (Nass, Peterson, & Koch, 1989) to 

mean scores one standard deviation below the TD comparison group (Levine, 

Huttenlocher, Banich, & Duda, 1987). These inconsistencies in IQ scores have been 

found to correlate with age in which the child was initially assessed (Levine, Kraus, 

Alexander, Suriyakham, & Huttenlocher, 2005). It was found that younger children 

ages 6 and younger had comparable scores to their TD peers. These results contrasted 

with children with PS ages 7 and older as they scored lower than their TD peers. It 

was also noted that these lower IQ’s reflected slower processing and not a loss of 

skills (Banich, Levine, Kim, & Huttenlocher, 1990). In addition to age, lesion size 

played an important role in IQ throughout development (Levine et al., 2005). It was 

found that children before the age of 7 with larger lesions had lower IQs than children 

with smaller lesions. But it was the smaller lesions in the younger group that had the 

greatest decline in IQ over time, while the larger lesions in the younger group had a 

mild decline as they developed. The authors suggested that when an early large lesion 

occurs, the immediate impact is evident, while the impact from an early small lesion is 

mild with its full impact becoming more apparent over time. The degree of symptom 

severity has also been linked to lower IQ scores. Studies have found that individuals 

with repeated seizures tend to have lower IQ scores than non-continuous seizures 

(Muter, Taylor, & Vargha-Khadem, 1997). In addition, the degree of hemiplesia has 

also been correlated with lower IQ scores (Levine et al., 1987).  
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Implications of Early Brain Damage  

Investigating the behavior and brain structures of children with PS, relative to 

TD children and adults with right and left hemisphere strokes, provides an opportunity 

to further investigate the extent and limitation of neural plasticity within and across 

communicative systems. In this dissertation, school-age children with PS will 

participate in a biographical interview where we will observe how language is used 

and how affect is integrated into the interview. In addition, both verbal and non-verbal 

behaviors will be coded to observe how children with neurodevelopmental disorders 

communicate during this task. How will language be expressed in children with PS? 

At school-age, will children be comparable to their TD peers on measures of 

morphology and syntax? We will also capture eye contact and facial expression during 

this social interaction. Will we observe affective deficits in children with RHI at 

school-age similar to younger RHI children? It had been proposed that early brain 

injury would lead to more favorable outcomes than injury occurring later in life. 

Empirical studies have confirmed this hypothesis as early focal brain injury is less 

likely to result in long-term impairment than if the injury had occurred in later 

childhood or adulthood (Basser, 1962; Bates et al., 2001; Lenneberg, 1967; Reilly, 

Levine, Nass, & Stiles, 2008; Stiles, Reilly, Levine, Trauner & Nass, 2012). Such 

positive results are generally attributed to neuroplasticity, the developing brain’s 

ability to flexibly adapt and reorganize (Cao, Vikingstad, Huttenlocher, Towle, & 

Levin, 1994; Chu, Huttenlocher, Levin, & Towle, 2000; Kirton & Deveber, 2006, 

Stiles et al., 2012). Evidence of brain plasticity include animal studies in a variety of 
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areas: the motor cortex (Kennard 1936; 1942), visual systems (Hubel & Wiesel, 1967; 

Hubel, Wiesel, & LeVay, 1977; Wiesel, 1982; Wiesel & Hubel, 1963; 1965), 

enhanced performance in enriched environments (Greenough & Chang, 1989; Hebb, 

1947; Kempermann & Gage, 1998; Kempermann, Kuhn, & Gage, 1997; Rosenzweig 

& Bennett, 1972), the successful rewiring of cortical projections (Angelucci, Clasca, 

Bricolo, Cramer, & Sur, 1997; Neville, Schmidt, & Kutas, 1983; Sur, Garraghty, & 

Roe, 1988), and finally the development of transplanted fetal tissue (O'Leary & 

Stanfield, 1989). While we have learned much about neuroplasticity from animal 

models, children with PS offer an opportunity to better understand the nature and 

extent of neuroplasticity in humans. 

Children with PS provide a unique opportunity to understand developing brain-

behavior relations. Past research on children with PS has provided an opportunity to 

understand the dynamics between early brain injury and the behavioral and cognitive 

outcomes that follow. Previous research on children with PS has focused on both the 

distinctive outcomes that occur when children and adults have comparable brain 

injuries in addition to the varying degrees of neuroplasticity observed in different 

cognitive domains (e.g. Ballantyne, Spilkin, Hesselink, & Trauner, 2008; Feldman, 

2005; Lidzba, Wilke, Staudt, Krägeloh-Mann, & Grodd, 2008; Reilly et al., 1998; 

2004; Stiles, Stern, Trauner, & Nass, 1996). When researchers examine different 

cognitive domains in children with PS, an uneven profile of ability emerges, 

suggesting differing degrees of neuroplasticity in the brain for children with early 

brain injury. These two lines of research will be discussed below in detail and how 
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these studies can inform why the brain may be able to reorganize and recover quite 

well, while other areas may not be as flexible in its recovery effort.  

 

Language Development in Younger Children with PS 

Jules Cotard, a colleague of Paul Broca, suggested that unlike an adult with a 

comparable lesion, a child with an early left hemisphere stroke would not be aphasic 

(Cotard 1868; Levin & Grafman, 2000). The studies of Lenneberg (1967) and Basser 

(1962) confirmed this observation leading to Lenneberg’s hypothesis of 

equipotentiality, that either hemisphere of the brain could assume language functions. 

More recently, prospective studies of children with PS have provided an opportunity 

to understand the dynamics of early brain injury and their behavioral and cognitive 

sequelae (e.g. Ballantyne et al., 2008; Chilosi et al., 2005; Feldman, 2005; Reilly et al., 

1998; 2004; Stiles et al., 1996; 2012; Yeatman & Feldman, 2013). Within the context 

of language development, studies have found distinctively different outcomes for 

children and adults with analogous lesions. In the adult language profile, the side, site, 

and the size of the lesion is associated with particular types of deficit after injury. 

Studies from a broad range of languages have shown that adults with left hemisphere 

strokes are often aphasic (Broca, 1861; Goodglass, 1993; Goodglass & Hunter, 1970; 

Wernicke, 1874), whereas those with right hemisphere injury tend to be garrulous, 

show deficits in discourse cohesion, and in processing non-literal language 

(Abusamra, Cote, Joanette, & Ferreres, 2009; Joanette & Goulet, 1990, 1994; 

Lundgren, Brownell, & Keith, 2006). Adults with injury involving the left inferior 

frontal gyrus (Broca's area) generally display impairments with language production 
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while damage in areas around the left superior temporal gyrus (Wernicke's area) 

generally results in comprehension deficits. Recent research suggests more widespread 

damage in patients with chronic and persistent Broca’s aphasia. Larger lesions have 

been found to extend into the insular cortex and areas deep enough to disrupt white 

matter connections (Dronkers, Baldo, & Larry, 2009). As for chronic Wernicke's 

aphasia, lesions around the middle temporal gyrus have been associated with 

persistent comprehension deficits (Dronkers, Wilkins, Van Valin Jr., Redfern, & 

Jaeger, 2004). Imaging studies of healthy adults and neurological patients broadly 

confirm that for adults a network subsuming left perisylvian regions is implicated in 

processing core aspects of language (Bookheimer, 2002; Brauer, Anwander, & 

Friederici, 2011; Price, 2010; Tyler & Marslen-Wilson, 2008; Tyler, Stamatakis, Post, 

Randall, & Marslen-Wilson, 2005).  

Importantly, children with PS do not show the same pattern of linguistic 

deficits as adults with comparable lesions. Specifically, children with either left 

hemisphere injury (LHI) or right hemisphere injury (RHI) were present with delays in 

the major milestones of language acquisition: babbling, gestures, and both 

comprehension and production of first words (Bates et al., 1997; Marchman, et al., 

1991; Reilly et al., 2008, Sauer, Levine, & Goldin-Meadow, 2010; Stiles, Bates, Thal, 

Trauner, & Reilly, 1998; Thal et al., 1991; Vicari, et al. 2000). Studies of infants and 

toddlers with PS have used the MacArthur Bates Communicative Developmental 

Inventory (MBCDI, Fenson et al., 1993, 1994). The MBCDI is given to parents and 

caregivers to fill out to assess the different components associated with the emergence 

of language. Using the MBCDI, it was found that as a whole, the PS group was 
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delayed in babbling and communicative gestures through the age of two years 

(Marchman, Miller, & Bates, 1991). Bates and colleagues (1997) found delay in the 

PS group regardless of lesion site on measures of both comprehension and production 

of first words and sentences. In another set of studies in Italy, Vicari and colleagues 

(2000) and Chilosi and colleagues (2001; 2005) used a longitudinal design to 

investigate 2-year-olds with PS and followed them for 14 months. Chilosi and 

colleagues (2005) investigated lexical comprehension and word production and found 

that for lexical comprehension the majority of both LHI and RHI scores were in the 

low normal range compared to their TD peers. For early word production, hemispheric 

differences were found as children with LHI showed a lexical delay not observed in 

the children with RHI. Within this profile of overall delay, several studies examining 

the emergence of language have found increased production deficits for those toddlers 

with left hemisphere injury (Bates et al., 1997, Chilosi et al., 2001; Vicari et al., 2000) 

whereas comprehension deficits (i.e., smaller receptive vocabularies) were reported in 

toddlers (ages 8-16 months) with right posterior injury (Bates et al., 1997). 

Interestingly, comprehension deficits were not found in children with injuries to left 

temporal areas, as the adult profile would have predicted. Rather, those with left 

temporal injury (ages 20-48 months) showed delays in word production and delays in 

early word combinations (Bates et al., 1997). These studies also noted delays were 

seen in both vocabulary and grammar in children with either left or right frontal 

damage. In summary, during the early stages of language development, the children’s 

profiles do not map onto those of adults with homologous injuries. Moreover, the 

pattern of deficits strongly suggests that acquiring language, as opposed to 
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maintaining a mature system requires both the right and left cerebral hemispheres 

(Reilly et al., 2008). In addition, regardless of side-of-injury, infants and young 

preschool children with PS demonstrate an initial delay for the acquisition of language 

followed by a steady developmental trajectory at a level slightly below their TD peers. 

This pattern is seen for both comprehension and production, suggesting children with 

PS may be acquiring alternative neural pathways supporting functional language.  

 

Language Development in Older Children with PS 

Remarkably, by the time these children with PS enter school (by age 5), their 

spontaneous language performance is broadly comparable to their TD peers. In a study 

examining spontaneous speech, Bates and colleagues (2001) compared speech 

samples from brain-injured children and adults with comparable lesions. The adults 

with late-acquired stroke showed classic hemispheric differences with regards to 

language, while none of these characteristics were found in children with early brain 

injury (ages 5-8). Overall the children with PS were in the normal range, that is, within 

one standard deviation of the normal mean for their ages, on all comparisons including 

frequency of morphosyntactic errors and use of complex syntax (Bates et al., 2001). In 

addition, no differences were observed between the LHI and RHI groups. This is more 

evidence that the developing brain has the ability to reorganize and successfully 

support language through alternate neural circuitry. The pattern of delay and 

development has also been demonstrated on studies using narratives; Reilly and 

colleagues (1998; 2004) found that children with both LHI and RHI were initially 

delayed on grammatical and narrative measures. In the youngest group, ages 4-6, 
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children with PS told shorter stories, made more morphological errors, produced fewer 

complex sentences, and included fewer story components in their narratives than their 

TD peers. But by ages 7-9, the PS group performed in the low-to-normal range on all 

morphosyntactic as well as narrative discourse measures and there were no significant 

hemispheric differences. Thus a pattern emerges similar to the findings in the infants 

and toddlers above, where there is an initially delayed and then progress to the (low) 

normal range of their TD peers. This pattern of delay then development points to the 

flexibility of the developing brain and its ability to utilize different neural circuitry for 

functional language. 

Isolated language components have also been investigated in children with PS. 

Thus far, the results of delay and then progression have been researched on tasks that 

were relatively unrestrictive and unstructured, where individuals with PS may take 

advantage and tap into strengths within their verbal repertoire. Result of their true 

language efficiency may be skewed, therefore, more structured and restrictive 

language assessment task have been employed to assess language proficiency. Using 

the Clinical Evaluation of Language-Revised (CELF-R, Semel, Wiig, & Secord, 

1987), Ballantyne and colleagues (2007) found the PS group (ages 5-16) preforming 

well below their TD peers on both receptive and expressive measures. No differences 

were found between the LHI and RHI in this study, but the presence of continuos 

siezures in the PS group correlated with lower standardized language scores. In 

another study, Dick et al. (2004) found that children with unilateral focal brain lesions 

ages 7-18 were delayed in the development of complex sentence interpretation. In the 

simple sentence constructions the children with PS were equal to their TD peers while 



	  

	  

74 

the complex sentence constructions produced less accurate results when compared to 

their TD peers (Dick, Wulfeck, Krupa-Kwiatkowski, & Bates, 2004). As children get 

older and progress through school, they encounter new and more challenging aspects 

of language (i.e., more complex, abstract, non-literal components of language). 

Examining a personal narrative in older children (ages 7-16) where different 

components of a story had to be integrated into a coherent description, Reilly, 

Wasserman, and Appelbaum (2013) found that children with LHI made more 

morphological errors, used less complex syntax, and fewer syntactic types, than the 

TD group. The RHI group fell between the LHI and TD groups during this 

spontaneous language task, although difficulties with the use of complex syntax was 

noted compared to the TD group. Take together, the result of an early insult to the 

brain has consequences throughout childhood and beyond. But at every level, 

development within the linguistic system bring children with PS to a point where 

functional language is obtainable.  

 

Potential Limitations of Plasticity during Visual-Spatial Development 

In humans, neuroplasticity has been investigated in children with early focal 

brain damage in multiple domains and has yielded different results. In language, early 

delays in language acquisition eventually lead to improved language skills where 

deficits typically do not mirror the adult profile with comparable lesions (Stiles et al., 

2010). On the other hand, visual-spatial abilities tend to display a subtle, but persistent 

deficit, reflecting the adult lesion profile (Stiles et al., 1996). Therefore, not all areas in 
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the brain have been found to be uniformly plastic as evident by the persistent deficit 

seen in visual-spatial abilities in children with PS.  

When examining the adult visual-spatial profile, specific patterns of deficit 

have been found depending on which hemisphere was injured (Delis, Kiefner, & 

Fridlund, 1988; Delis, Kramer, & Kiefner, 1988; Swindell, Holland, Fromm, & 

Greenhouse, 1988). Left hemisphere injury generally results in difficulty in processing 

individual parts and local processing while injury the right hemisphere generally result 

in difficulty with configural and global processing (Delis, Roberston, & Efron, 1986). 

In children with PS, deficits in the visual-spatial domain have been found to mirror the 

adult profile albeit in a more subtle fashion (Akshoomoff, Feroleto, Doyle, & Stiles, 

2002; Lidzba, Staudt, Wilke, & Krageloh- Mann, 2006; Stiles et al., 1996; Stiles, 

Reilly, Paul, & Moses, 2005; Stiles, Trauner, Engel, & Nass, 1997, Stiles-Davis, 

Janowsky, Engel, & Nass, 1988). In a hierarchical pattern stimuli-copying task from 

memory, 5-12 year olds with PS had similar deficits observed in adults with 

comparable lesions (Stiles et al., 2008). When looking at a stimulus of a large letter 

‘M’ created from little ‘z’s’, RHI children could only draw the local z’s, while LHI 

children can only draw the large global M. Deficits in visual-spatial construction tasks 

have been documented in 4-6 year olds with PS where hemispheric differences were 

observed. In a block construction task, children with LHI created highly accurate 

constructions but employed a more simplified construction technique. In children with 

RHI at 4 years of age, they employed an advanced technique seen in age-matched 

typically developing (TD) individuals, but their accuracy was poor. By age 6, their 

constructions were accurate but the strategy switched to a more simplified technique 
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in order to achieve the accuracy needed to complete the task (Stiles et al., 1996). 

Alternative strategies have also been observed in children with PS on visual-spatial 

construction task such as the Rey Osterrieth Complex Figure (Rey-O; Osterrieth, 

1944; Rey, 1941). Akshoomoff and colleagues (2002) examining children’s 

construction of the Rey-O found that TD children at age 6 used a piecemeal strategy to 

complete the Rey-O. But TD children quickly improve as they develop and by age 12, 

the advance strategy will be employed regularly. On the other hand, children with PS 

used a piecemeal strategy when copying the figure. At age 6, children with PS 

performed poorly when compared to their TD peers regardless of lesion side. Even at 

10 years of age, nine of the ten children with LHI and six of the eight RHI children, 

were still using the most immature and piecemeal strategy, although copying of the 

figure was now accurate (Akshoomoff et al., 2002). Hemispheric differences were 

observed when children with PS were asked to reproduce the figure from memory. 

Eight of the ten children with LHI focused their drawing on the core rectangle, while 

this was seen in only two of the nine children with RHI (Akshoomoff et al., 2002). In 

summary, this subtle, persistent, lesion specific pattern suggests that areas in the brain 

subserving the visual-spatial domain may be less plastic overall. 

 

Affective Development in Individuals with PS 

One area that has not been studied extensively in the PS population is the 

affective domain. Although there are many studies investigating the perception of 

affect in individuals with brain injury (e.g., Adolphs, Tranel, Damasio, & Damasio, 

1994; Adolphs, Damasio, Tranel, & Damasio, 1996; Anderson, & Phelps, 2000; de 
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Haan, Nelson, Gunnar, & Tout, 1998; Hamann, Stefanacci, Squire, Adolphs, & 

Tranel, 1996; Jansari, Tranel, & Adolphs, 2000; Kawasaki, et al. 2001; 2005; Philippi, 

Mehta, Grabowski, Adolphs, & Rudrauf, 2009; Thomas, et al. 2001; Tsuchiya, 

Moradi, Felsen, Yamazaki, & Adolphs, 2009; ect.), very few studies have 

investigating the spontaneous production of emotions in individuals with brain 

damage. Those few studies examining the production of facial affect within the adult 

stroke literature have reported that those with RHI use less affective expression 

(Borod, Koff, Lorch, & Nicholas, 1985; Borod et al., 1998). In addition, adults with 

RHI were rated as having less intense facial expressions when telling a monologue 

when compared to both LHI and TD groups (Kazandjian, Borod, & Brickman, 2007). 

Blonder and colleagues (1993; 2005) reported that those RHI showed reduced facial 

expressivity and smiled and laughed significantly less during an interview task than 

LHI and TD groups (Blonder, Burns, Bowers, Moore, & Heilman, 1993; Blonder et 

al., 2005). 

The few studies that have investigated the affective domain in the PS 

population have looked at infants and yound children with PS. Reilly and colleagues 

(1995) investigated spontaneous facial expression in 10 infants with posterior brain 

damage (5 LHI and 5 RHI: ages 6-24 months) comparing them to their TD peers in a 

mother-child free play situation (Reilly, Stiles, Larsen, & Trauner, 1995). The authors 

found both LHI and TD infants expressing the full range of appropriate emotions. In 

contrast, the RHI children showed depressed expression of positive affect while 

negative emotions were enhanced, a finding that mirrors the adult stroke profile and 

previous parental reports of temperament in infants and toddlers with PS (Nass & 
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Koch, 1987). These results suggest that the right hemisphere plays a significant role in 

emotional expression and that valence (positive/negative) is a significant neural factor 

as early as the middle of the first year of life. The profile for emotion expression for 

infants with PS closely mirrors that of the adults stroke profile with analogus lesions. 

The expression of affect at such an early age suggests that the brain already exhibits 

functional specification and that for affective expression; there potentially are 

limitations on how the developing brain can reorganize after an early insult (Stiles, 

2000).  

Even fewer studies have been conducted on the spontaneous production of 

affect in children with PS. Lai and Reilly (2015) examined five- and six-year-old 

children with PS integrating emotion and language, using a semi-structured 

biographical interview comparing the results to age-match TD controls. In addition to 

linguistic structure, the production of affective language was investigated, along with 

the spontaneous production of emotional facial expression. As expected, no 

differences were found for language measures between the LHI and RHI groups as 

they performed comparably to their TD peers in how much they spoke, the rate of 

morphological errors and use of complex syntax. These results with regards to the 

language measures are consistent with those of Bates and colleagues (2001) and 

provide further evidence that earlier deficits observed in infants and young children in 

productive language have resolved by school age, at least in a conversational context. 

However, from a functional perspective, that is, how the children choose to use 

language, hemispheric differences were found: those children with RHI produce far 

fewer clauses with affective content than either the LHI or TD groups. These findings 
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suggest that emotion deficits of the RHI group are present at age 5 and 6 and are 

reflected in the production of emotion during this task. The production of affective 

facial expression also resulted in hemispheric differences, as the RHI group was less 

expressive overall than either the LHI or TD groups. There were no differences in 

facial behaviors between the TD and LHI groups, a pattern that mirrors the infant and 

adult stroke profiles. When examining the valence of the facial expression produced, 

The LHI and TD groups produce more positive than negative emotional facial 

expression during their narratives. In contrast children with RHI demonstrate the 

reverse pattern: they use more negative than positive facial expression. As such, the 

profile for spontaneous production of emotion in these young children with PS maps 

onto the profile of both infants with PS and adults with late acquired stroke. School-

aged children with RHI show decreased emotional production relative to those with 

LHI, and TD individuals, both with respect to language content as well as emotional 

facial expression, inline with infants and adults with RHI. Taken together, these 

findings suggest both early specialization as well as limited neuroplasticity for 

affective processing.  

Children with PS provide a unique opportunity to understand developing brain-

behavior relations. When examining different cognitive domains in children with PS, 

results have yielded inconsistent outcomes, suggesting differing degrees of 

neuroplasticity in the brain. For example, a different pattern of deficits and recovery is 

observed with the development of visual spatial cognition, as compared to language, 

following unilateral injury in children with PS. With regards to the linguistic and 

affective domain, will school-age children show a similar affective profile as younger 
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children with PS and adults with analogous injuries? Chapter 5 investigates the use 

and integration of language and emotional expression in school-age children with LHI 

and RHI.  
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Chapter 3: Typically Developing School-age Children’s Social and Affective 
Communication Profile 
 
 
INTRODUCTION 

 Communication is critically important for success in everyday life. Children 

identified as good communicators are well accepted by their peers, tend to do well 

academically, and behave in socially competent ways (Wentzel, 2003). On the other 

hand, the inability to communicate effectively can led to a cascade of negative 

consequences such as peer rejection, isolation, bullying, and ostracism (Twyman et al., 

2010). Currently we know very little about how school-age children use various 

communicative tools to convey information to others. From Chapter 2, we know that 

by about age 5, children have mastered the vast majority of their grammar of their 

language, but we know little about how they use and integrate non-verbal 

communicative channels, e.g. eye gaze and facial expression with their verbal output. 

This chapter investigates how typically developing (TD) school-age children use 

multiple communicative tools to convey information to an adult. To best capture how 

children communicate during a social interaction, we have devised a micro-analytic 

coding scheme that will reveal which channels children use as well as how they 

integrate both verbal and non-verbal channels of communication. Using the software 

platform Eudico Linguistic Annotator (ELAN; Brugman & Russel, 2004; Lausberg & 

Sloetjes, 2009), multi-tier annotations was created based on behaviors observed in the 

data. ELAN permits real-time integration of behaviors while gathering information 

regarding duration, frequency, and latency. Figure 1 provides a snapshot of ELAN, 

where data pertaining to eye contact, facial expression, the co-occurrences of these 
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channels, and language (segments of speaking and segments of listening) are coded 

and integrated. Whereas multiple studies have investigated one social-communicative 

behavior in children, e.g. eye gaze (Riby & Hancock, 2008; Riby & Hancock, 2009a; 

Riby & Hancock, 2009b; Sandgren, Andersson, van de Weijer, Hansson, & Sahlen, 

2012) or facial expression (Balconi, Lecci, & Trapletti, 2014; Deschamps, Coppes, 

Kenemans, Schutter, & Matthys, 2013; Oberman, Winkielman, & Ramachandran, 

2009), few if any look at how children use and integrate these behaviors in a natural 

setting. Thus, in the present study, we are interested in how children integrate verbal 

and multiple channels of non-verbal behaviors as they interact with the experimenter.  

Our approach allows us to analyze and better characterize how children communicate 

in a naturalistic setting without potentially intrusive equipment hindering expressive 

behaviors.     

The school-age children in our studies are between 7 to 14 years of age. Since 

the majority of research regarding communication in typically developing children 

focuses on infants, toddlers, and younger pre-school children (see Chapter 2), studying 

children at school age can elucidate how children communicate during these important 

developmental years. Studying typically developing children can provide a greater 

understanding of normal development and can help identify and create more 

appropriate therapeutic intervention for individuals exhibiting abnormal social and 

emotional behaviors (Herba & Phillips, 2004). The aim of this chapter is to provide a 

foundation of how typically developing school-age children ages 7-14 communicate, 

examining multiple channels of both verbal and non-verbal behaviors. 
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Communication in Typically Developing School-age Children 

As detailed earlier, the vast majority of studies investigating eye gaze and 

facial expression include infants and toddlers. The few studies that have focused on 

school-age children and their verbal and non-verbal communicative behaviors 

demonstrate that these skills continue to develop well into adolescence. For example, 

by the time children enter school, they have already acquired most of the grammar of 

their language (Slobin, 1991; Tager-Flusberg, Paul, & Lord, 2005). However, during 

the school years, children continue to acquire and use more complex sentence types 

such as passives, subject relatives, ellipsis (Berman and Verhoeven, 2002), and 

continue to develop conversational and pragmatic abilities. Vocabulary size continues 

to increase as new words are learned through conversations, school experience, and 

reading. With regards to non-verbal behaviors, eye gaze patterns in problem solving 

contexts have been examined in school-age children. Salamanca (2011) examined 

children ages 3-4 and 7-8, and adults ages 19-33, on two problem solving tasks. The 

author found that eye gaze patterns vary according to age and the amount of cognitive 

effort required to solve a problem. For example, during problems requiring low 

cognitive effort, the youngest children were more likely to make eye contact with the 

experimenter, while older children and adults showed gaze aversion. The author 

suggests that the results from younger children reflect social referencing, as they seek 

support from the experimenter during the task. Results for the older children and 

adults are in-line with previous research where aversion of eye gaze has been found to 

decrease cognitive load and increase concentration (Doherty-Sneddon, Bruce, Bonner, 

Longbotham, Doyle, 2002). Interestingly, as the cognitive load increased during the 
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task, the older children show a similar pattern to the younger children and made more 

eye contact with the experimenter – a finding that was not observed in the adults when 

the task became more difficult. The finding that children aged 7-8 do not yet show 

adult-like patterns suggest that there is continued development beyond this age 

(Salamanca, 2011).  

The ability to gather information from facial expression has also been 

examined in typically developing school-age children. Facial expression can provide 

important information such as a person’s attitudinal response or attentional focus and, 

critical to this study, a person’s current emotional state or response. Similar to other 

channels of communication, the majority of studies examining children’s ability to 

decode facial information have focused on infants and young children. The few studies 

that have focused on school-age children demonstrate that facial decoding skills, i.e., 

perceptual skills, continue to develop well into adolescence and that the ability to 

decode different emotions is acquired at different stages of development. For example, 

when examining the perception of facial expression, De Sonneville and colleagues 

(2002) found that children between the ages of 7 and 10 did not improve in the 

accuracy of facial processing, but speed did improve in the older children (fastest for 

happiness, slowest for fear). Adults included in this study were found to outperform 

all of the children, being almost twice as fast and accurate in processing facial 

information. These results suggest that the ability to recognize emotional expression 

continues to get better and faster as one matures throughout childhood and into 

adulthood (De Sonneville et al., 2002). In another study by Vicari and colleagues 

(2000) testing 120 children between the ages of 5 to 10, an increase in the ability to 
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recognize and label facial expression improved at each age level. With regards to 

specific emotions, happiness was highest in accuracy, followed by sadness, anger, 

fear, and disgust (Vicari, Reilly, Pasqualetti, Vizzotto, & Caltagirone, 2000). 

Similarly, Widen (2012) examining 1,050 children from ages 2 to 9, found that 

children label facial expressions ranging from broad to more differentiated categories. 

For example, young children begin to notice facial expressions having an emotional 

valence attached to them. Next, broad categories emerge such as ‘feels-good’ and 

‘feels-bad’ categories. From there, emotions become more differentiated with happy 

appearing first, followed by either angry or sad. The fourth and fifth emotions 

acquired are scared and surprised, followed by disgust, which is the last emotion 

acquired (Widen, 2012). In another study assessing older children’s abilities to 

recognize emotions, Tonks and colleagues (2007) tested 67 children between the ages 

of 9 and 15 as they determined emotions from voices, eyes, and facial stimuli. Results 

indicate that children under age 11 years of age made more errors, while children age 

11 and above were found to greatly improve in facial expression recognition and 

especially in reading emotions from the eyes (Tonks, Williams, Frampton, Yates, & 

Slater, 2007).  

Children’s reliance on facial expression information has also been found to 

change over the course of development. For example, younger children have been 

found to rely more on facial expression than situational cues to determine another’s 

emotional state (Hoffner & Badzinski, 1989). Examining children at four age levels, 3-

5, 6-7, 8-9, and 10-12, children at 3-5 years focus almost exclusively on facial 

expressions, but by 8 years of age, children begin to incorporate more information 
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from situational cues. Life experiences have also been found to play a role in how 

individuals judge emotions. In a study by Buchanan and colleagues (2010) 

investigating 4,608 individuals between the ages of 5-50, emotional experience in an 

individual’s life and their ability to judge the emotions of happiness and fear were 

highly correlated. Subjects who had experienced intense happiness were more accurate 

in recognizing facial expressions of happiness, and those who had experienced intense 

fear were more accurate in recognizing facial expressions of fear. The study also 

found that the youngest participants, children ages 5-10, were the least accurate on 

emotion recognition, again suggesting that the ability to accurately recognize emotions 

develops over the lifespan (Buchanan, Bibas, & Adolphs, 2010). Similarly, Herba and 

Phillips (2004) conducted a meta-analysis examining the development of facial 

expression recognition including children in the age range of our current studies (7-14 

years old). The authors found few studies examining emotion expression recognition 

throughout childhood and adolescence. Nonetheless, the few studies that have been 

conducted indicate a continued development of emotion expression recognition that 

extends into early adulthood. In contrast to the more frequent studies on emotional 

recognition, there are few studies that have examined the production of facial 

expressions in school-age children. Salamanca (2011) investigated the production of 

facial expressions as school-age children complete tasks that require different amounts 

of cognitive effort. The author found gender differences as females increased their 

production of facial expression, especially smiles, over development, a pattern that 

was not observed in males. The author suggests that cultural display rules may play a 

role in the results, as female adults and children produced more positive facial 
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expressions than male adults and children. Cultural display rules are the cultural 

conventions for expressing emotion (Ekman, Sorenson, & Friesen, 1969; Safdar et al., 

2009).  

Taken together, few studies have examined how school-age children use and 

integrate non-verbal behaviors to communicate. The majority of studies examining 

non-verbal communication in children have focused on infants, toddlers, and pre-

school children. The studies that have examined school-age children point to a 

continued development of these communicative skills. But these studies tend to focus 

on recognition of facial expression and they do not examine how school-age children 

communicate, use, and integrate these different channels of communication. These 

questions of how typically developing school-age children recruit multiple modalities 

to communicate leads us to our current study, which will yield a communicative 

profile of typically developing children, detailing how they integrate productive 

communicative behaviors. In addition, these data will also provide the foundation for 

our investigation of children with atypical development in Chapter 4 and Chapter 5. 

 

The Current Study: Investigating the Communication Profile of Typically Developing 

Children  

A successful conversation requires the coordination of many abilities, for 

example, one must, plan, organized, integrate, and execute the message (Diamond, 

2006), all online and in real-time. As this process occurs, other verbal (i.e., prosody) 

and non-verbal channels (i.e., eye contact, facial expression, body language, gestures) 

can convey crucial information such as one’s current affective state and current 
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attentional focus. In infants and younger children who have not yet developed 

language, they were more dependent on non-verbal channels of communication. 

However, by school age, language is the primary communicative system. Therefore, 

how do school-age children integrate these other systems with language? In this study, 

to assess how school-age children communicate with an adult, a one-on-one semi-

structured, naturalistic biographical interview was conducted and videotaped. Why 

look at conversations? Conversations are a daily occurrence in children’s lives. 

Children’s conversations can occur with anyone, their parents, sibling, friends, and 

maybe an imaginary friend. For school-age children compared to pre-school children, 

the topics of conversations are more variable and include a greater number of 

conversational partners. In our study, children are interacting with an adult, as the 

experimenter engages the children through a variety of questions (i.e., “What did you 

do over the weekend”; “Can you tell me about your brothers and sisters”). Children 

encounter these types of questions on a daily basis, and thus, this situation reflects 

everyday verbal interactions. Given their frequency and everyday nature, 

conversations provide an excellent context of children’s spontaneous language and use 

of non-linguistic communicative behaviors. 

The data obtained from the biographical interview provides a rich database 

including a language sample where multiple variables can be extracted for further 

analyses, in addition to eye gaze and facial behaviors. This study investigates multiple 

communicative behaviors channel by channel and how these channels co-occur during 

the biographical interview. Language measures allow us to gauge more specifically 

how school-age children express language at a more structural level. Our language 
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measure gauges both language output and language quality. More specifically, we 

examine the production of language output and investigate the rates of errors and 

construction of sentences to assess the quality of the language produced. These 

language measures are important as they can reveal a potential deficit in a certain 

aspect of language production, if a particular area is problematic. In addition, this 

study examines a set of social and expressive measures to capture how children use 

aspects of sociability to communicate their thoughts and ideas. These measures 

include both verbal and non-verbal channels of behaviors as we investigate how 

typically developing school-age children use social linguistic devices in their speech in 

addition to non-verbal behaviors (i.e., eye contact and facial expression) that convey 

social information to the interlocutor. These social and expressive measures give an 

indication of how expressive these school-age children are when interacting in this 

context and provide information on their attention and affective state when conversing 

with an adult. The results obtained in this study allow us to gauge what is considered 

typical communication in school-age children. In addition, such findings will provide 

a foundation, to be used in Chapter 4, where typically developing children are 

compared to children with atypical development. 

In addition to analyses of each individual communicative channel, these 

behaviors are examined in different contexts within the interview, e.g., the entire 

biographical interview, during narrative segments with affective content, when the 

child is producing speech, and when the child is listening. Furthermore, we are 

interested in the effect of age on the expression of communicative behaviors; therefore 

younger typically developing children ages 7 to 8 are compared to older typically 
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developing children ages 9 to 14. Taken together, this allows us to address the 

following questions: How do typically developing school age children perform on the 

structural aspects of language such as morphosyntactic proficiency and use of complex 

syntax? How do these same children use eye gaze and facial expression in social 

interaction? How are non-verbal communicative behaviors used during the production 

of affective speech? How do listener behaviors differ from those of speaker? Do these 

behavioral profiles change with age? If so, how? 
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METHODS 

Participants for Biographical Interview 

As part of a larger study, twenty-six typically developing children participated 

in the biographical interview. The Wechsler Abbreviated Scale of Intelligence (WASI; 

Wechsler, 1999) was used to collect all intelligence quotient (IQ) measures. The total 

number of children, gender, age, and IQ scores are listed in Table 1. Table 1 provides 

information for the entire TD group (ages 7 to 14), as well as information for the 

younger TD children (ages 7 to 8) and older TD children (ages 9 to 14) presented 

separately. The decision to split the groups at ages 8 and 9 years was influenced by 

Hoffner & Badzinski (1989), in which children ages 8 and younger relied 

overwhelmingly on facial expression to determine the emotional state of others, while 

children ages 9 and above relied more on situational cues, thus suggesting a cognitive 

shift in how children determine the emotions of others. All participants were 

monolingual English speakers, with no exposure to a second language before the age 

of five, and all had normal (or corrected) visual and auditory acuity. Participants were 

excluded from the study if they had a prior medical condition that might interfere with 

test performance (e.g. severe closed head trauma, meningitis, brain tumor). To be 

included in the TD group, children must have met the following inclusionary criteria: 

normal developmental and medical histories and normal neurological exams. All 

scored within the normal range on standardized tests of intelligence, language, and 

academic functioning, and none had a history of chronic medication use. These TD 

children were recruited from the community through flyers, advertisements in local 

newspapers, and family magazines. All data collected for this dissertation are part of 
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the larger Project for Cognitive and Neural Development (PCND) study on social and 

affective components of communication and neurodevelopmental studies of language 

and literacy in San Diego, California (NIH-NINDS P50 NS22343).  

 

Table 1: The Number of Children, Gender, Age, and IQ Scores for the Biographical 
Interview  

 Groups 
 All 

TD 
(n=26) 

Younger 
TD 

(n=13) 

Older 
TD 

(n=13) 
Gender 12M, 14F 7M, 6F 5M, 8F 

Age 9.04 
(2.22) 

7.15 
(0.68) 

10.92 
(1.44) 

IQ Scores from the WASI 

FSIQ 112.58 
(10.56) 

113.69 
(11.53) 

111.46 
(9.83) 

VIQ 116.38 
(11.24) 

117.46 
(13.62) 

115.30 
(8.65) 

PIQ 105.88 
(11.65) 

106.46 
(11.79) 

105.30 
(11.96) 

Note. Standard deviations appear in parentheses 
below means.  

 

Materials and Procedure for the Biographical Interview 

In this experiment, a semi-structured naturalistic biographical interview was 

conducted as subjects sat at a table across from the interviewer. The subjects were 

asked a set of open-ended questions from a script on a range of everyday topics (e.g., 

“what did you do over the weekend?"; “do you have any brothers or sisters, if so, can 

you tell me about them?”) and the interviewer subsequently followed up with 

questions and comments specific to the child’s responses. Instructions for the task 

were:  
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"Hi, my name is _______ and I’ll be spending some time with you 
today.  Before we get started with our games, I’d like to get to know 
you better.  I’m going to ask you some questions about yourself and 
things you like to do, okay?" 

 

Children encounter these types of questions on a daily basis, whether they take 

place in school or at the dinner table. Therefore, the language samples obtained from 

these types of questions are ecologically valid and reflect everyday verbal interactions.  

 

Transcription and Coding 

Sessions were videotaped and audio recorded. Language data were transcribed 

using the Codes of Human Analysis of Transcripts (CHAT) system from the Child 

Language Data Exchange System database (CHILDES; McWhinney & Snow, 1985). 

Narrative segments were then selected from the transcripts. Narrative segments were 

defined as two consecutive child-produced propositions on the same topic (Labov & 

Waletzky, 1967). Two independent raters then coded the narrative segments for 

emotional tone (positive, negative, neutral). Once narrative segments were selected 

from the transcripts, the corresponding video segments were isolated for further 

analysis. For video data, digital media of the entire biographical interview was entered 

into Eudico Linguistic Annotator (ELAN; Brugman & Russel, 2004; Lausberg & 

Sloetjes, 2009). ELAN is a software platform used to create multi-tier annotations 

using audio and video data. ELAN permits real-time integration of behaviors while 

gathering information regarding duration, frequency, and latency. Figure 1 provides a 

snapshot of ELAN, where data pertaining to eye contact, facial expression, the co-
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occurrences of these channels, and language (segments of speaking and segments of 

listening) are coded and integrated. 

 

 
Figure 1. Displays a screenshot of the ELAN software program. ELAN can capture 
multiple channels of verbal and non-verbal behaviors with the capability of gathering 
latency, frequency and duration information.  
 

 

Language Coding Conventions  

The structural linguistic coding was adapted from Reilly, Bates, Marchman 

(1998) and Reilly, Losh, Bellugi, & Wulfeck (2004) and includes: language 

productivity, morphosyntactic proficiency, and use of complex syntax.  

 

Language Productivity: Overall Length 

For language productivity, the total number of propositions produced by each 

child was obtained. A proposition was defined as a verb and its arguments; from a 

semantic perspective a proposition roughly corresponds to a single event. For 
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example, the sentence: “I really like school because I love to read books” contains two 

propositions; “I really like school” being the first proposition and “I love to read 

books” being the second proposition. The total number of child-produced propositions 

was also used to control for varying lengths in the language samples as it serves as the 

denominator when examining morphosyntactic errors, frequency of complex syntax, 

and production of evaluative devices. In addition, overall length in time of the 

biographical interview was measured. This duration measure was used to control for 

varying lengths with regards to time and is used as the denominator to obtain 

proportions of eye contact and facial expression. Investigating the production of 

propositions provide a measure of verbal productivity. 

 

Morphosyntactic Proficiency:  Errors 

All uncorrected errors of commission or omission were tallied. Error types 

included: copula or auxiliary errors, agreement errors, errors in verb form, errors in 

word order, pronominal errors, and determiner errors. To control for varying lengths, 

Rate of Morphosyntactic Errors was calculated by taking the total number of 

morphosyntactic errors and dividing by the total number of child produced 

propositions in the conversation. Investigating morphosyntactic proficiency 

determines whether age plays a role in the amount of morpho-syntactic errors 

produced. Will older TD children produce fewer errors than the younger TD group or 

will no difference be observe between the two TD groups?  

 

Syntactic Complexity 
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 The number of complex sentences was counted to determine the frequency of 

complex syntax. Complex sentences are multiple propositions that fall within a 

sentence intonation contour. Categories included: all coordinate sentences, verb 

complements, relative clauses, passive sentences, and adverbial clauses. To control for 

length, Rate of Complex Syntax was calculated by taking the total number of complex 

constructions and dividing by the total number of child produced propositions in the 

conversation. Investigating syntactic complexity will provide a rate that will be 

considered the typical rate of complex syntax use in the typically developing 

population at school-age and determine whether at age 7, this rate has stabilized or if 

age continues to play a role in increasing or decreasing this rate.  

 

Social Language Use 

Language Coding Conventions 

The production of evaluative devices (Lai & Reilly, 2015; Reilly et al., 1998), 

narratives with affective content, and questions asked by the child during the interview 

were coded to investigate how individuals use language in a social manner.  

 

Affective Linguistic Narratives 

Within child-produced speech, all narratives (at least two propositions on the 

same topic) were identified, coded, and labeled for affective valence. Two 

independent raters read and coded narrative segments for affective valence (positive, 

negative, or neutral). Below are examples of a positive, negative, and neutral narrative 

segment from the same TD subject at 8 years of age:  
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Positive narrative segment: 
EXP: What did you do last year for your birthday? 
CHI: uh we had a water...it was in summer so we had to do something 
water and it was an army birthday, and we got a bunch of squirt guns 
an' we had to hi mmm an' there was two flags an' they hid the flags and 
we had to go search for them. 
 

Negative narrative segment: 
EXP: So tell me about your sisters? 
CHI: My sister she steals stuff and then um every time we know that 
she stole any of our things then she'll just goes I didn't steal anything. 
an' then she'll then we we always kept on telling her yes you did an' 
then she would finally give it back to us. 

 

Neutral narrative segment: 
EXP: What are you guys studying in history right now? 
CHI: We're starting studying about Clara Barton. 
EXP: Oh who's Clara Barton? 
CHI: She's the she's the only woman who went on the battlefield to 
help wounded soldiers. 
EXP: Oh what war was that? 
CHI: It's the Civil War. 

 

Investigating affective narrative segments provide an opportunity to assess 

how school-age children produce language with affective content. In addition, these 

affective narrative segments allow for a chance to assess other forms of non-verbal 

channels of communication (i.e., affective facial expression) in conjunction with 

affective verbal content. This approach allows us to address questions such as: How 

are facial expression and language content expressed? Are they semantically coherent? 

These findings provide information regarding the integration of language and emotion 

across communicative channels. 
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Evaluation and Evaluative Devices: Reilly Evaluation Coding System (RECS) 

William Labov (1967; 1997) first mentioned evaluation in narratives, which 

are clauses that reflect the narrator’s attitude or perspective. An evaluative device is an 

intersection where language, sociability, and affect interact, as they are linguistic tools 

that give meaning and significance to a narrative (Labov, 1964). Functions of 

evaluative devices include attributing emotions and motivations to characters, building 

suspense, and maintaining audience involvement (Reilly, Klima, Bellugi, 1990). 

Examples can include the use of emotional states and verbs, emphatics, intensifiers 

and attention getters, character speech, mental verbs, causal markers that reflect 

motivation of a character, direct quotes, audience hookers, and sound effects. All of 

these items together formed the category of Total Evaluative Devices. A subset of 

items within Total Evaluative Devices are specifically social and include: emotional 

states and verbs, emphatics, intensifiers and attention getters, character speech, direct 

quotes, audience hookers, and sound effects. These social specific items are combined 

to form the category of Social Evaluative Devices. Social evaluative devices are used 

to attract and maintain the listener’s attention through the narrator’s attitude or 

perspective. To control for length, the total number of evaluations (for both Total and 

Social Evaluative Devices) was divided by the total number of child produced 

propositions to yield a Rate of Evaluative Devices for both Total and Social 

categories.  

 

Turning the Tables: Asking Questions During the Interview 
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During the dyadic interview, questions asked by the child to the experimenter 

were examined. This is a type of expressive behavior initiated by the child to involve 

the experimenter into the conversation. This behavior is unusual, since the convention 

of an interview is for the experimenter to ask question and for the child to respond to 

those questions. Even before the interview started, the instructions given to the child 

states: “Before we get started with our games, I’d like to get to know you better. I’m 

going to ask you some questions about yourself and things you like to do, okay?". 

Therefore, given this information, children are not expected to interrupt the task to ask 

the experimenter questions. For our study, any question asked by the child towards the 

experimenter was counted and questions were further analyzed to determine whether 

questions are of a personal nature directed to the experimenter are on the topic of 

discussion. Investigating these types of questions can provide clues as to what maybe 

motivating the child to ask questions and whether this behavior is typical in the social 

interaction between child and adult. 

 

Coding Conventions for Non-verbal Channels of Social Behaviors 

Non-verbal channels of communication such as eye gaze behaviors, facial 

expressions, and the co-occurrences of these two behaviors were coded throughout the 

biographical interview, during narratives with affective content, and when children 

play different roles (speaker vs. listener) during the interaction.  

 

Eye Gaze Behavioral Coding 
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Human social interaction relies heavily on what is observed in the 

environment. Eye contact and eye gaze are central to many aspects of social 

communication (Itier & Batty, 2009). The behavior of the eyes can provide 

information, regulate interaction, express intimacy, and exercise social control 

(Kleinke, 1986). For our studies, eye contact is a form of non-verbal communication 

that can convey social information: it is an indication that the child’s attention is on 

the speaker. Each instance of eye contact or gaze to the experimenter was isolated in 

ELAN. Annotations began when the child’s gaze was towards the face of the 

experimenter and ceased when the child’s gaze left the experimenter. Three separate 

measures of eye contact were collected. First, we obtained the frequency of eye 

contact throughout the biographical interview. This measure reflects how many 

instances of eye contact occurred throughout the interview. Second, we observed the 

average duration of each eye contact in seconds. Finally, we calculated the percentage 

of total eye contact, by summing up all the eye contact to get a total time of eye 

contact and then dividing that time by the entire duration of the biographical 

interview. This percentage provides a global measure of how much eye contact the 

child is making during the entire biographical interview. To clarify, an example below 

highlights the information the three eye gaze measures can provide. The first gives a 

sense of frequency; how many instances of eye contact were produced during the 

entire interview (e.g., 5 instances of eye contact). The second measure provides 

duration data, the average length of contact in seconds (e.g., each of the five eye 

contact durations were: 2 seconds, 4 seconds, 1 second, 2 seconds, 1 second, = 10 

seconds/5 instances = 2 seconds of eye contact on average). And the third measure 
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gives a global measure of the percentage of eye contact for the entire interview (e.g., If 

the interview lasted 60 seconds, 5 instances of contact x 2 seconds average duration = 

10 seconds of eye contact; 10/60 seconds = 16.6% of the interview, there was eye 

contact). 

 

Coding Conventions for Facial Expression  

Facial expressions are social and communicative tools important for survival 

and social interaction. Human beings use their facial expressions to express emotions, 

place emphasis on content when speaking, and convey their current state (Cassell et 

al., 1999; Erickson & Schulkin, 2003; Pelachaud, Badler, & Steedman, 1996). All 

facial expressions produced by the child were isolated in ELAN and coded using the 

Facial Action Coding System (FACS; Ekman & Friesen, 1978). FACS is a 

microanalytic coding system based on a taxonomy of facial behaviors identified by the 

muscles that produce them. FACS is an anatomically based system for coding more 

than 46 individual muscle movements (Action Units or AUs) of the face. Using these 

behaviors, emotional expressions can be deduced from the AUs based on criteria set 

forth by the creators of the FACS system (Ekman & Friesen, 1978; Ekman, Friesen, & 

Hager, 2002). Facial muscle movements were coded from onset (beginning of muscle 

contraction) to end (termination of muscle contraction). After facial expressions were 

coded using FACS, they were given a valence label (positive, negative, or other facial 

expression) according to FACS criteria (Ekman, Friesen, & Hager, 2002, p. 174). 

Facial expression coding was conducted for the entire biographical interview, within 

affective narrative segments, and when the child was either producing speech or 
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listening. Data for facial expressions are presented in two ways, first as a frequency 

measure standardized by time and second as a percentage of total facial expression 

duration over the duration of the entire biographical interview. To clarify, an example 

below highlights the information the two facial expression measures can provide. In 

this example of a 10-minute interview, the child produced 40 facial expressions total. 

To obtain a frequency measure, first the 10-minute interview is converted into 

seconds, 10 min.*60 sec.=600 sec. Next, 40 instances of facial expression/600sec. = 

0.066. Next we re-convert to minutes, by multiplying that value by 60. This will give 

us a per minute frequency measure, 0.066 x 60 = 4 facial expressions per minute. For 

our second measure, to obtain the percentage of total facial expression lets use the 

example from above. In a ten-minute interview, 40 facial expressions were produced. 

And each facial expression lasted 3 seconds. First, we would sum up the duration of 

all 40 facial expressions, 40 instances of facial expressions x 3 seconds = 120 seconds. 

Since the interview lasted 600 seconds, 120 sec./600 sec.=.20. To obtain a percentage, 

multiple by 100, .20 x 100 = 20% of the interview contained some type of facial 

expression.  

 

Co-Occurrences of Eye Contact and Facial Expression 

 Co-occurrences of eye contact and facial expression were coded in ELAN to 

assess expressivity and engagement. This particular measure can elucidate our 

understanding of how children recruit and integrate different non-verbal 

communicative systems during the biographical interview. Any instance of the 

biographical interview where these two channels overlap was annotated as being a co-
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occurrence of behaviors. The total percentage of time these two behaviors co-occurred 

was captured (i.e., duration of co-occurrence time/duration of interview), along with 

the type of affective facial expression that co-occurred with eye contact. In addition, 

the temporal dynamics of co-occurrences was analyzed to observe how children 

recruited and integrated these channels during the task. Does eye contact or facial 

expression systematically precede the other behavior? Finally, co-occurrences of eye 

contact and facial expression were examined when children were speaking or listening 

during the biographical interview. Did children produce the same amount of eye 

contact and facial expression together when they were speaking and when they were 

listening? Or was there an imbalance in their expressiveness of these two channels 

where children are more expressive during a particular role during the interview?  

 

Inter-rater Reliability 

For coding of narratives for valence, two coders who had not seen the videos 

of the biographical interviews read and coded narrative segments for positive, 

negative, or neutral tone. First pass agreement was at 72.4% for these two coders. 

Those narratives that did not match in valence were then given to a third coder, who 

also had not seen the videos, and the agreement of those in conflict matched 92.1% 

with one of the previous coders. Only 8 of the 366 narrative topics had no clear 

consensus on affect and were defaulted as neutral. Two individuals completed the 

language coding including RECS coding with reliability above 85%. For ELAN 

coding, two individuals annotated both eye contact and facial expression tiers. 

Agreement exceeded 90% for both tiers in ELAN. Before facial coding, the author 
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was FACS trained during a weeklong FACS workshop session hosted by Erika L. 

Rosenberg, Ph.D. on the campus of the University of California, Berkeley (Rosenberg, 

2009; 2010).  
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RESULTS 

Group Characteristics 

Age and IQ: Measures of age and IQ scores for the TD group can be seen in 

Table 1. Twenty-six individuals comprise of the TD group. The TD group was further 

divided into two groups to assess if age played a role in any of our variables of 

interest. A T-test was used to see if group differences exist. Comparing the younger 

TD children to the older TD children on all three IQ measures (see Table 1), no 

significant differences were found for FSIQ (p=0.60), VIQ (p=0.63), and PIQ 

(p=0.80).  

 

Language Output and Language Quality 

Length of Interview: Two measures of length were collected during the 

biographical interview: duration of time to complete the interview and number of 

propositions produced by the child during the conversation. The duration of the 

biographical interviews did not significantly differ between the younger and older TD 

groups (p=0.34; see Table 2). To control and standardize language production 

measures, child produced propositions were tallied during the biographical interview. 

As a means to control for length, total propositions produced by each child were used 

as a denominator on multiple language scores. No significant group difference was 

observed for the number of propositions produced (p=0.48) by the two age groups.  
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Table 2: Language Output and Structural Language Scores during the Biographical 
Interview  

 

Groups 
All  
TD 

(n=26) 

Younger TD 
(n=13) 

Older  
TD 

(n=13) 

Length of Interview 7 m. 59 s. 
(1 m. 56 s.) 

7 m. 36 s. 
(1 m. 48 s.) 

8 m. 21 s. 
(2 m. 3 s.) 

Numbers of 
Propositions 

91.3 
(44.0) 

85.2 
(48.0) 

97.4 
(40.5) 

Percentage of 
Morphosyntactic 

Errors 

5.6% 
(4.6%) 

6.0% 
(4.4%) 

5.3% 
(4.9%) 

Percentage of 
Complex Syntax 

57.6% 
(16.4%) 

58.7% 
(13.2%) 

56.4% 
(19.6%) 

Note. Standard deviations appear in parentheses below means. 
For Time: m. is minutes, s. is seconds.  

 

 

Language Production: Language structure was evaluated during the 

biographical interview by examining morphosyntactic proficiency and use of complex 

syntax. Morphosyntactic proficiency was measured as the percentage of errors per 

proposition during the biographical interview; no difference was found between the 

two TD groups (p=0.70). However, a relatively large amount of variability was 

observed in the TD group for morphosyntactic error rate (see Figure 2). Next, rate of 

complex syntax was examined and no group difference was found between the 

younger and older TD groups (p=0.72).  
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Figure 2: A scatterplot of the entire TD group by age and their percentage of 
morphosyntactic errors during the biographical interview. Variability within the TD 
group is observed in both the younger TD group and older TD group. A score of 10 
means a child is making one error every 10 propositions. 
 

 

Social Language Use 

Use of Evaluative Devices: Social use of language was investigated in more 

detail based on Reilly et al., 1998, 2004 using the Reilly Evaluative Coding System. 

Evaluative Devices were examined and no difference was found between the two 

groups (p=0.47; see Table 3). The category of Total Evaluative Devices consists of 

both cognitive and social elements. The social elements were combined to create the 

category of Social Evaluative Devices. No difference was found between the younger 

and older TD children for Social Evaluative Devices (p=0.23). Another social and 

expressive element observed during the biographical interview is the child asking 

questions directed towards the experimenter. The child turns the table on the 

interviewer, which was observed twice in the TD group. In both instances, the TD 
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child was 7 years old. The first child asked a personal question directed towards the 

experimenter while the second child asked a question on the topic being discussed.  

	  
The	  first	  child,	  a	  male	  asked:	  	  
CHI:	  Is	  that	  a	  peacock	  on	  your	  shirt?	  	  
EXP:	  Isn't	  it	  kind	  of	  funny?	  
CHI:	  Wow	  that	  is	  a	  big	  peacock!	  
EXP:	  I	  know,	  I	  know	  and	  it's	  such	  like	  a	  soft	  shirt.	  

	  

The	  second	  child,	  a	  female	  asked:	  
CHI:	  Yes,	  you	  know	  how	  bad	  I	  like	  that	  movie?	  
EXP:	  How	  much?	  
CHI:	  I	  watch	  it	  so	  much	  it	  broke.	  
EXP:	  Oh	  no,	  wow	  you	  must've	  watched	  it	  back	  to	  back.	  
 

The 24 other TD children did not ask a question of the experimenter. This 

particular behavior in these two children was not expected due to the cultural 

convention for an interview. It is expected that the child answer questions posed by the 

experimenter and not for the child to disrupt the conversation by asking the 

experimenter a question. In addition, the fact that within the instructions given to the 

children at the beginning of the session, the experimenter explicitly states that they 

would be the one asking questions and getting to know the child better. The fact that 

this behavior was observed in the youngest age group in our studies may reflect an 

age-related phenomenon. Perhaps these two 7-year-olds have not yet learned the rules 

that govern the cultural convention for an interview, while the rest of the older 

children have.  
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Table 3: Social Language Use during the Biographical Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Total  

Evaluations 
28.3% 
(9.8%) 

26.8% 
(10.6%) 

29.7% 
(9.0%) 

Social Evaluations 15.5% 
(6.9%) 

17.2% 
(8.1%) 

13.8% 
(5.4%) 

Asking Questions 
During Interview 2 children 2 children 0 children 

Note. Standard deviations appear in parentheses below means.  
 

 

Non-Verbal Social Behaviors Produced during the Entire Interview 

 In these next set of results, eye contact, facial expressions, and the co-

occurrences of eye contact and facial expression will be displayed. These non-verbal 

communicative behaviors provide a sense of how TD children express important non-

verbal information towards the experimenter. These measures gauge attention and 

affect, and along with their verbal profile, will help us construct the social and 

affective communicative profile of our TD children.   

 

Eye Contact for the Entire Biographical Interview: For eye contact during the 

entire biographical interview, three different measures were collected (see Table 4). 

First, we examined the average frequency of eye contact throughout the biographical 

interview. That is, every time a child shifts their gaze that initially starts away from the 

experimenter and moves towards the experimenter would be considered making eye 

contact. Second, we observed the average duration for eye contact in seconds. Finally, 

we took the frequency and duration and combined these two measures to get a 
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percentage of total eye contact over the entire biographical interview. For the 

frequency of eye contact during the biographical interview, no significant group 

difference was found (p=0.14). Average duration of eye contact was not statistically 

significant between the younger and older TD groups (p=0.18). Next, the percentage 

of eye contact that was committed over the entire duration was obtained. There was no 

difference between the groups (p=0.37) however; there was substantial variability 

across the whole group (see Figure 3).  
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Table 4: Non-verbal Communicative Behaviors Scores during the Entire Biographical 
Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Eye Contact During the Entire Biographical Interview 

Frequency of Eye 
Contact  

96.0 
(34.6) 

85.9 
(35.1) 

106.0 
(32.3) 

Average Duration of 
Eye Contact  

2.51 s. 
(2.04 s.) 

3.05 s. 
(2.78 s.) 

1.97 s. 
(0.52 s.) 

Percentage of Eye 
Contact  

44.4% 
(17.5%) 

47.5% 
(21.9%) 

41.3% 
(11.6%) 

Facial Expressions During the Entire Biographical Interview 
All Facial 

Expressions  
5.89 per m. 

(2.41 per m.) 
5.50 per m. 

(2.71 per m.) 
6.28 per m. 

(2.11 per m.) 
Positive Facial 

Expression  
3.00 per m. 

(1.60 per m.) 
2.64 per m. 

(1.72 per m.) 
3.37 per m. 

(1.46 per m.) 
Negative Facial 

Expression  
0.35 per m. 

(0.44 per m.) 
0.30 per m. 

(0.36 per m.) 
0.41 per m. 

(0.52 per m.) 
Other Facial 
Expression  

2.53 per m. 
(1.69 per m.) 

2.56 per m. 
(1.80 per m.) 

2.50 per m. 
(1.64 per m.) 

Percentage of All 
Facial Expression  

28.8% 
(11.3%) 

26.7% 
(12.6%) 

30.8% 
(10.1%) 

Percentage of 
Positive Facial 

Expression  

19.8% 
(11.8%) 

17.8% 
(12.9%) 

21.8% 
(10.8%) 

Percentage of 
Negative Facial 

Expression  

1.0% 
(1.3%) 

0.09% 
(1.1%) 

1.1% 
(1.5%) 

Percentage of Other 
Facial Expression  

7.9% 
(5.4%) 

8.0% 
(5.0%) 

7.8% 
(5.9%) 

Note. Standard deviations appear in parentheses below means. For Time: 
m. is minutes, s. is seconds.  
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Figure 3: Displays a scatterplot of the entire TD group by age and their percentage of 
eye contact during the biographical interview. Variability within the TD group is 
observed in both the younger TD group and older TD group. For example, within the 
younger group, the range of scores span over 80% as one child rarely made any eye 
contact, while the other child is constantly making eye contact.  
 

 

Facial Expressions during the Entire Biographical Interview: For facial 

expressions during the biographical interview, results were standardized by time and 

separated into four categories: overall mean use of facial expressions per minute, mean 

use of positive facial expressions per minute, mean use of negative facial expressions 

per minute, and mean production of other facial expressions per minute. Other facial 

expressions were expressions that did not reach an emotion threshold based on the 

criteria set forth in the FACS manual (Ekman, Friesen, & Hager, 2002, p. 174). These 

per minute measures give an indication of frequency of facial expression produced 

during the biographical interview. For overall mean use of facial expressions per 

minute, no difference was found between the younger and older TD groups (p=0.42; 

younger M=5.50, SD=2.71; older M=6.28, SD=2.11). For use of positive facial 
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expressions during the biographical interview, no significant difference was found 

(p=0.25; younger M=2.64, SD=1.72; older M=3.37, SD=1.46). For use of negative 

facial expressions, no difference was found (p=0.53; younger M=0.30, SD=0.36; older 

M=0.41, SD=0.52). For other facial expressions during the biographical interview, no 

significant difference was observed (p=0.92; younger M=2.56, SD=1.80; older 

M=2.50, SD=1.64). In addition to the per-minute measure above, facial expression 

production was also calculated as a percentage, by summing all the facial expressions 

and dividing that number by the entire duration of the entire biographical interview. 

The total percentage of all facial expressions was not statistically significant (p=0.37; 

see Figure 4). Large amounts of variability were observed in both the younger and 

older TD groups. Next, facial expressions were broken down by specific valence. The 

total percentage of positive facial expression (duration of all smiles summed 

up/duration of entire interview) during the entire biographical interview did not differ 

between age groups (p=0.40). For negative facial expression during the entire 

biographical interview, no significant group differences were found (p=0.63). For 

other facial expressions during the entire biographical interview, no difference was 

found between the groups (p=0.94). 
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Figure 4: Displays a scatterplot of the entire TD group by age and their percentage of 
facial expression during the entire biographical interview. Variability within the TD 
group is observed in both the younger TD group and older TD group. For example, in 
the 7-year-old group, the scores range over 40%, with one child producing less than 
10% of their interview with a facial expression to a child with over 50% of their 
interview with a facial expression.  

 

 

Co-occurrences of Eye Contact and Facial Expressions during the Entire 

Biographical Interview: Next, co-occurrences of eye contact and facial expressions 

were analyzed during the biographical interview to assess the degree to which these 

two non-verbal channels are co-expressed during this social interaction. The 

expression of these co-occurrences can provide another measure of expressivity and 

help us understand how the child is coordinating these communicative behaviors (see 

Table 5). The total percentage of co-occurrences between the groups did not differ 

(p=0.58; see Figure 5). The average frequency of co-occurrences (p=0.26) and the 

average duration of co-occurrences (p=0.34) did not differ between the younger and 

older TD groups. The entire TD group on average had 49.4 instances of co-
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occurrences (lasting on average 1.40 seconds), the younger group had 43.5 instances 

of co-occurrences (lasting on average 1.53 seconds), and the older group had 55.3 

instances of co-occurrences (lasting on average 1.26 seconds). Large amounts of 

variability are observed in both of our TD groups (see Figure 6). This measure 

included all three facial expression types (positive, negative, and other facial 

expression), so the next analysis examines particular affective facial expressions as 

they co-occur with eye contact during the biographical interview. Looking at co-

occurrences with positive facial expressions, no difference was found between the 

younger and older TD (p=0.49). The average frequency of co-occurrences with smiles 

(p=0.08) and the average duration of co-occurrences with smiles (p=0.11) did not 

differ between the younger and older TD groups. The majority of the facial 

expressions of these co-occurrences involved a smile for all three groups. For the 

entire TD group, 75.0 % of all co-occurrences involved a smile. For the younger TD 

group, 71.8% of the co-occurrences involved a smile and for the older TD group, 

77.0% of all the co-occurrences involved a smile. These patterns potentially suggest 

that children are more expressive in these two behaviors when their current affective 

state is positive. In addition, these smiles perhaps may be used as a signaling device 

during the conversation to the experimenter. The use of a smile have been found when 

individuals want to convey understanding, confirmation, and acknowledgement 

(Brunner, 1979; Poggi, D’Errico, & Vincze, 2010). These particular uses of a smile do 

not necessarily reflect affect. Co-occurrences for both negative facial expression and 

other facial expression were too infrequent in the dataset and further analyses were not 

conducted.  
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Table 5: Co-occurrences of Non-verbal Communicative Behaviors Scores during the 
Biographical Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Percentage of Co-

occurrences (EC+FE) 
13.6% 
(7.3%) 

12.8% 
(7.1%) 

14.4% 
(7.7%) 

Average Frequency of 
Co-occurrences 

(EC+FE) 

49.42 
(26.27) 

43.53 
(25.10) 

55.30 
(27.07 

Average Duration of 
Co-occurrences 

(EC+FE) 

1.40 s. 
(0.69 s.) 

1.53 s. 
(0.87 s.) 

1.26 s. 
(0.46 s.) 

Percentage of Co-
occurrences with 

Smiles:  
(EC + Positive FE) 

10.2% 
(7.0%) 

9.2% 
(6.8%) 

11.1% 
(7.4%) 

Average Frequency of 
Co-occurrences with 

Smiles:  
(EC + Positive FE) 

31.11 
(18.53) 

24.76 
(17.19) 

37.46 
(18.24) 

Average Duration of 
Co-occurrences with 

Smiles:  
(EC + Positive FE) 

1.60 s. 
(0.78 s.) 

1.84 s. 
(0.92 s.) 

1.35 s. 
(0.53 s.) 

Note. Standard deviations appear in parentheses below means. For 
Time: m. is minutes, s. is seconds. 
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Figure 5: This graph displays the percentage of co-occurrences of eye contact and 
facial expression for all three TD groups. Around 14% of the biographical interview 
contains co-occurrences for all three groups. The majority of the facial expressions 
that co-occurred with eye contact were smile for all three groups. Results are 
displayed with standard error bars. 
 

 

 
Figure 6: Displays a scatterplot of the entire TD group by age and their percentage of 
co-occurrences of eye contact and facial expression during the biographical interview. 
Variability within the TD group is observed in both the younger TD group and older 
TD group. 
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Non-Verbal Social Behaviors Produced during Narratives with Affective Content 

 For our next set of results, eye contact, facial expressions, and the co-

occurrences of eye contact and facial expression will be displayed when children 

express narratives with affective content. These measures provide a sense of how TD 

children integrate affective language use and non-verbal behaviors. These measures 

also gauge if TD children are more expressive in their use of non-verbal behaviors 

when telling narratives with affective content. 

 

Affective Narrative Segments: Narrative segments with affective content 

provide insight into how children integrate emotion and language. To assess how 

affective content is expressed, narrative segments were coded for affective valence: 

positive, negative, or neutral narratives (see Table 6). We first present results for 

positive narratives, then negative narrative, and lastly, we present results on neutral 

narratives. In each case, we examined how many of these segments children 

expressed. In addition, we present results on the expressivity of different channels of 

non-verbal behaviors in this order: 1) eye contact, 2) facial expression, and 3, the co-

occurrences of eye contact and facial expression. 

For positive narrative segments, both TD groups produced similar amounts of 

positive narrative segments during the biographical interview (p=0.48). 1) For eye 

contact during positive narrative segments, percentage of eye contact over the amount 

of time producing the positive narrative resulted in similar scores with no significant 

group difference (p=0.33). 2) Affective facial expression was then calculated during 

positive narrative segments (see Figure 7). First, positive affective facial expressions, 
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smiles, were calculated as a percentage in both groups. All smiles during positive 

narrative segments were summed up and divided by the total duration of all positive 

narrative segments. No difference was observed between the younger and older TD 

groups (p=0.85). To obtain a frequency measure of how smiles were occurring during 

these positive narrative segments, time was standardize per minute to control for 

differences in length. There was no group difference between the TD groups (p=0.75) 

for the frequency of smiles per minute. For the production of negative facial 

expression mismatches to the positive narrative, the percentage of negative facial 

expression over the entire positive narrative segments, no group difference was found 

(p=0.61). There was also no difference between the two groups on how often these 

occurred per minute (p=0.88). Note the rarity of these negative facial expressions 

during positive negative segments. When we examine the entire TD group, negative 

facial expression only took up 1.79% of the duration of these positive segments. 

Therefore, over 98% of the duration of positive negative segments were either neutral 

faces, other facial expressions not reaching an affective threshold, or smiles. 3) For co-

occurrences of eye contact and facial expression during positive affective segments, 

no group difference was observed (p=0.77), as both groups had similar amounts of co-

occurrences when telling narratives that were positive.  
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Table 6: Positive Narrative Segments and Non-verbal Communicative Behaviors 
Scores during the Biographical Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Positive Narrative Segments during the Biographical Interview 

Positive Narrative 
Segments (PNS) 

2.61 
(1.62) 

2.38 
(1.50) 

2.84 
(1.77) 

Eye Contact during 
PNS 

38.7% 
(22.5%) 

43.0% 
(26.0%) 

34.4% 
(18.5%) 

Percentage of Smiles 
during PNS 

16.9%  
(12.9%) 

17.3% 
(14.0%) 

16.4% 
(12.2%) 

Positive Facial 
Expression 
During PNS 

2.5 per m. 
(1.8 per m.) 

2.4 per m. 
(1.8 per m.) 

2.6 per m. 
(1.8 per m.) 

Percentage of Negative 
Facial Expression 

During PNS 

1.79% 
(4.95%) 

2.29% 
(6.81%) 

1.29% 
(2.05%) 

Negative Facial 
Expression 
During PNS 

0.45 per m. 
(0.93 per m.) 

0.48 per m. 
(1.17 per m.) 

0.42 per m. 
(0.66 per m.) 

Co-occurrences during 
PNS 

11.7% 
(8.5%) 

12.2% 
(8.8%) 

11.2% 
(8.3%) 

Note. Standard deviations appear in parentheses below means. For 
Time: m. is minutes, s. is seconds.  
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Figure 7: Displays the type of facial expression produced during positive narrative 
segments for the entire TD group. Positive facial expressions accounted for 70.4%, 
negative facial expressions accounted for 7.5%, and other facial expressions accounted 
for 22.1%. 
 

 

Next, we switch valence and examine negative affective segments produced 

during the biographical interview. Negative affective segments were rare for the TD 

group during the interview. A closer look at the data revealed that of the 26 TD 

individuals, only 7 individuals had at least one negative segment, while 19 participants 

produced no negative affective segments during the biographical interview. Of those 

seven individuals, five were in the younger cohort while two were in the older cohort. 

Since there were so few negative narratives, no further analysis was conducted. 

Now we switch over to neutral narrative segments, which are segments of 

narratives that coders rated as having no valence attached to them (see Table 7). For 

neutral narrative segments, both TD groups produced similar amounts during the 

biographical interview (p=0.52). For eye contact during neutral narrative segments, 

Type	  of	  Facial	  Expression	  
Produced	  during	  Positive	  
Narrative	  Segments	  

Positive	  FE	  

Negative	  FE	  

Other	  FE	  
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percentage of eye contact over the amount of time producing the neutral narratives 

resulted in similar scores with no significant group difference (p=0.85). Affective 

facial expression was then calculated during neutral narrative segments. First, the 

percentage of smiles over the entire neutral narrative segments was measured (see 

Figure 8). No difference was observed between the younger and older TD groups 

(p=0.85). Next, smiles were calculated per minute in both groups. There was no group 

difference between the TD groups (p=0.50). During neutral narratives, the 

overwhelming facial expression produced is a smile. Perhaps children are using smiles 

as a signaling device towards the experimenter during the interaction. Perhaps children 

are using a smile to convey to the experimenter that they understood the question, or 

confirming and acknowledging what the experimenter just uttered. In these instances, 

the smile itself may not reflect emotional information. For the production of negative 

facial expression, the percentage of negative facial expressions over the entire neutral 

negative segment was not significantly different between the younger and older TD 

group (p=0.69). Next, negative facial expressions were calculated per minute and no 

group difference was found between the two groups (p=0.52). For co-occurrences of 

eye contact and facial expression during neutral affective segments, no group 

difference was observed (p=0.63), as both groups had similar amounts of co-

occurrences when telling narratives that were neutral in tone.  
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Table 7: Neutral Narrative Segments and Non-verbal Communicative Behaviors 
Scores during the Biographical Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Neutral Narrative Segments during the Biographical Interview 

Neutral Narrative 
Segments (NNS) 

1.88 
(1.50) 

1.69 
(1.60) 

2.07 
(1.44) 

Eye Contact during 
NNS 

29.6% 
(24.3%) 

30.5% 
(29.0%) 

28.7% 
(19.8%) 

Percentage of Smiles 
during NNS 

13.1% 
(15.5%) 

12.5% 
(18.6%) 

13.7% 
(12.3%) 

Positive Facial 
Expression 

During NNS 

2.06 per m. 
(2.06 per m.) 

1.78 per m. 
(2.28 per m.) 

2.33 per m. 
(1.86 per m.) 

Percentage of Negative 
Facial Expression 

During NNS 

0.98% 
(2.02%) 

0.83% 
(1.69%) 

1.14% 
(2.37%) 

Negative Facial 
Expression 

During NNS 

0.34 per m. 
(0.69 per m.) 

0.25 per m. 
(0.49 per m.) 

0.42 per m. 
(0.85 per m.) 

Co-occurrences during 
NNS 

8.4% 
(8.7%) 

7.5% 
(9.6%) 

9.2% 
(8.0%) 

Note. Standard deviations appear in parentheses below means. For 
Time: m. is minutes, s. is seconds.  
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Figure 8: Displays the type of facial expression produced during neutral narrative 
segments for the entire TD group. When children do produce facial expression during 
neutral narratives, positive facial expressions accounted for 70.1%, negative facial 
expressions accounted for 5.2%, and other facial expressions accounted for 24.6%.  
 

 

 

Non-Verbal Social Behaviors Produced during Positive Segments versus Neutral 

Segments 

In the previous section above, we examined non-verbal behaviors when telling 

different affective-toned stories. In our next analyses, we investigate whether TD 

children behave similarly in their expression of non-verbal behaviors when telling 

narratives that are positive compared to neutral narrative. Are TD children more 

expressive when telling a positive-toned story compared to a story that was coded as 

neutral in tone? In addition, the temporal dynamics of co-occurrences of eye contact 

and facial expression will be examined. Does eye contact or facial expression 

systematically precede the other behavior? 

Type	  of	  Facial	  Expression	  
Produced	  during	  Neutral	  
Narrative	  Segments	  

Positive	  FE	  

Negative	  FE	  

Other	  FE	  
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Positive Narrative Segments vs. Neutral Narrative Segments: To assess if there 

are differences in behaviors during these two types of narrative segments, within 

subject t-tests were conducted for all measures comparing positive narratives with 

neutral narratives. First, comparing the numbers of positive narrative segments and 

neutral narrative segments produced during the entire biographical interview, no 

difference in the production of these two types of narratives were present for the entire 

TD group t(25)=1.27, p=0.21. In the younger TD group, no difference was observed, 

t(12)=0.870, p=0.401. In the older TD group, no difference was found, t(12)=0.898, 

p=0.386. For the percentage of eye contact during these two types of narratives, no 

significant differences were observed for all three TD groups, entire TD group 

t(25)=1.61, p=0.119; younger TD group, t(12)=1.369, p=0.196; and older TD group 

t(12)=0.827, p=0.424 (see Figure 9). The percentage of smiles did not differ in the 

three group of TD children when telling a positive narrative or a neutral narrative, 

entire TD group t(25)=1.103, p=0.28; younger TD group t(12)=1.269, p=0.228; older 

TD group t(12)=0.464, p=0.650. Smiles per minute did not reach statistical 

significance for all three TD groups, entire TD group t(25)=1.018, p=0.318;  younger 

group t(12)=1.222, p=0.244; and older group t(12)=0.394, p=0.699. The percentage of 

negative facial expressions did not differ in the three groups of TD children when 

telling a positive narrative or a neutral narrative, for the entire TD group t(25)=0.820, 

p=0.419; younger TD group t(12)=0.741, p=0.472; older TD group t(12)=0.583, 

p=0.570. No group difference was found for negative facial expressions per minute, 

entire TD group t(25)=0.629, p=0.534; younger TD group t(12)=0.646 p=0.531; and 
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older TD group t(12)=0.003, p=0.997. Finally, for co-occurrences of eye contact and 

facial expression, no difference was found for all three TD groups, entire TD group 

t(25)=1.590, p=0.124; younger TD group t(12)=1.658, p=0.123; older TD group, 

t(12)=0.630, p=0.540 (see Figure 10). These results suggest that TD children behave 

similarly when telling positive narratives and narratives that were neutral in tone.  

 

 
Figure 9: Displays the percentage of eye contact during positive and neutral narrative 
segments. No differences were observed for all three TD groups. Although in all three 
cases, greater eye contact is observed during positive narrative segments compared to 
neutral narrative segments. Large amounts of variability are observed for all three 
groups. Results are displayed with standard error bars. 
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Figure 10:  Displays the percentage of co-occurrences of eye contact and facial 
expression during positive and neutral narrative segments. No differences were 
observed for all three TD groups. Although in all three cases, greater amounts of co-
occurrences of these two behaviors were observed during positive narrative segments 
compared to neutral narrative segments. Large amounts of variability are observed for 
all three groups. Results are displayed with standard error bars. 

 

 

 

Temporal Dynamics of Non-Verbal Channels of Behaviors: Our next measure 

investigates the temporal dynamics of eye contact and facial expression as they occur 

together during the biographical interview. What is the temporal relation between the 

onsets of these non-verbal channels? Does eye contact or facial expression reliably 

precede the occurrence of the other behavior? When we examine the entire TD group, 

a paired sample t-test revealed a significant difference as facial expressions tended to 

occur before making eye contact, t(25)=2.73, p=0.011; on average 49.4 co-

occurrences were found with eye contact preceding facial expression occurring 21.1 
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times and facial expression preceding eye contact occurring 28.2 times. For the 

younger TD group, no significant difference was found as no channel reliably occur 

before the other (p=0.16), on average 43.5 co-occurrences were found with eye contact 

preceding facial expression occurring 18.6 times and facial expression preceding eye 

contact 24.9 times. For the older TD group, a significant difference was observed 

t(12)=2.50, p=0.027; on average 55.3 co-occurrences were found during the 

biographical interview with eye contact preceding facial expression occurring 23.7 

times and facial expression preceding eye contact occurring 31.5 times. In all three 

cases, facial expressions preceded eye contact in these TD school-age children.  

 

Non-Verbal Social Behaviors Produced during Speaking versus Listening 

Throughout this study, we have observed the production of non-verbal 

behaviors during the entire biographical interview, during narrative segments with 

affective content, and now when children are playing different roles during the social 

interaction. In our next analyses, we investigate whether TD children behave similarly 

in their expression of non-verbal behaviors when speaking compared to when they are 

listening during the biographical interview. Are TD children more expressive when 

speaking or do we observe more non-verbal behaviors when listening? Next, we 

investigate each channel individually in our groups, to observe if there are differences 

in expression when children are speaking compared to when they are listening.  

 

Communicative Behaviors during Different Roles in the Interaction: During 

the biographical interview, the child is producing speech or listening to speech from 
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the experimenter. In this section, non-verbal behaviors were investigated to better 

observe how children are communicating as they play different roles during this 

dyadic interaction. Eye contact, facial expression, and the co-occurrences of these 

behaviors were examined when the child is speaking and when the child is listening 

(see Table 8).  

As speaker: First, the time speaking for each child did not differ in both the 

younger and older TD children (p=0.61). The TD group overall spent 4 minutes and 7 

seconds on average speaking during the biographical interview. Next, the percentage 

of eye contact (total duration of eye contact/total duration of the speaking phase) was 

examined and no difference was found between the two TD groups (p=0.12; see 

Figure 11, Left). The entire TD group spent 37% of the interview committing eye 

contact with the experimenter (M Frequency=69.8; SD=33.4). The percentage of facial 

expression (total duration of facial expression/total duration of the speaking phase) 

when speaking was not significantly different in the younger and older TD groups 

(p=0.62; see Figure 12, Left). The entire TD group produced facial expression for 

about 25% of the interview when speaking (M Frequency=38.7; SD=26.5). Finally, 

co-occurrences of both eye contact and facial expression during speech (total duration 

of co-occurrences/total duration of the speaking phase) was not significantly different 

in these two groups of TD children (p=0.89). For about 10% of the interview, both eye 

contact and facial expression where present together when the child was speaking (M 

Frequency=29.8; SD=22.4).  

As listener: During the listening phase, the time spent listening to the 

experimenter was not significant (p=0.47). The TD group on average spent 2 minutes 



 

	  

162 

and 22 seconds listening to the experimenter. The percentage of eye contact was 

explored (total duration of eye contact/total duration of the listening phase) and no 

difference was found between the two TD groups (p=0.88; see Figure 11, Right). The 

TD group overall spent 61% producing eye contact during the interview when 

listening to the experimenter (M Frequency=66.5; SD=20.9). The percentage of facial 

expression during the listening phase (total duration of facial expression/total duration 

of the listening phase) was not significantly different (p=0.33; see Figure 12, Right). 

The TD group produced facial expression for about 31% of the interview when 

listening (M Frequency=36.0; SD=16.6). Finally, co-occurrences of eye contact and 

facial expression during the listening phase (total duration of co-occurrences/total 

duration of the listening phase) resulted in no group difference for the younger and 

older TD groups (p=0.38). For about 20% of the interview, both eye contact and facial 

expression where present together when the child was listening (M Frequency=31.4; 

SD=15.7).  
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Table 8: Verbal and Non-verbal Communicative Behaviors during Different Phases 
of the Biographical Interview 

 

Groups 
All  
TD 

(n=26) 

Younger  
TD 

(n=13) 

Older  
TD 

(n=13) 
Behaviors when the Child is Speaking 

Duration of Speech 
Production Segments 

4 m. 7 s. 
(2 m. 3 s.) 

3 m. 54 s. 
(2 m. 6 s.) 

4 m. 19 s. 
(2 m. 4 s.) 

Percentage of Eye 
Contact during 

Speech Production 

37.0% 
(20.5%) 

43.2% 
(23.0) 

30.9% 
(16.4%) 

Percentage of Facial 
Expression during 
Speech Production 

24.9% 
(11.3%) 

23.8% 
(13.3%) 

26.1% 
(9.4%) 

Percentage of  
Co-occurrences during 

Speech Production 

9.7% 
(6.2%) 

9.5% 
(5.7%) 

9.9% 
(6.8%) 

Behaviors when the Child is Listening 
Duration of Listening 

Segments 
2 m. 22 s. 

(0 m. 37 s.) 
2 m. 17 s. 

(0 m. 45 s.) 
2 m. 28 s. 

(0 m. 27 s.) 
Percentage of Eye 

Contact to Experimenter 
61.2% 

(15.4%) 
60.7% 

(20.2%) 
61.6% 
(9.1%) 

Percentage of Facial 
Expression  

31.1% 
(13.9%) 

28.4% 
(13.6%) 

33.8% 
(14.2%) 

Percentage of  
Co-occurrences  

19.7% 
(10.6%) 

17.9% 
(10.2%) 

21.6% 
(11.2%) 

Note. Standard deviations appear in parentheses below means. For Time: 
m. is minutes, s. is seconds. 
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Figure 11: Displays the percentage of eye contact during the Speaking Phase (left) and 
the Listening Phase (right) of the child for all three groups. All three groups had 
similar percentages of eye contact during the Speaking Phase and the Listening Phase. 
Results are displayed with standard error bars. 
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Figure 12: Displays the percentage of facial expression during the Speaking Phase 
(left) and the Listening Phase (right) for all three groups. All three groups had similar 
percentages of facial expression during the Speaking Phase and the Listening Phase. 
Results are displayed with standard error bars. 

 

 

Individual Channels of Behaviors Expressed during Different Roles in the 

Interaction: The final set of analyses examined if there were differences in the 

production of specific non-verbal behaviors when children were speaking compared to 

when children were listening. Paired sample t-test was conducted on all analyses 

comparing these within group measures. First, the percentages of eye contact when 

speaking compared to when listening for the entire TD group was significantly 

different, t(25)=7.73, p<0.001 (see Figure 13). This was also significantly different for 

both the younger TD group t(12)=4.66, p<0.001, and for the older TD group, 
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Next, for the percentages of facial expression during these two different roles during 

the interview were examined (see Figure 15). For the entire TD group a statistically 

significant difference was observed, t(25)=3.04, p=0.005. A trend was found for the 

younger TD group t(12)=1.776, p=0.100, and a significant difference was observed for 

the older TD group, t(12)=2.44, p=0.030. In each case, a higher percentage of facial 

expression was produced when the child is listening than when the child is speaking 

(see Figure 16). Finally, for co-occurrences of eye contact and facial expressions, a 

statistically significant difference was observed for all three TD groups, for the entire 

TD group t(25)=6.38, p<0.001; younger TD group t(12)=4.30, p=0.001; and older TD 

group t(12)=4.76, p<0.001. Once again, children use more eye contact and facial 

expression together when listening than when speaking reflecting the social 

conventions for conversation.  
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Figure 13: Displays the percentage of eye contact for all three TD groups. In all three 
groups, TD children are producing more eye contact when listening compared to when 
they are speaking during the biographical interview. Results are displayed with 
standard error bars. 
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Figure 14: Displays a scatterplot of the entire TD group by each subject. Each 
subject’s percentage of eye contact is displayed when the subject is speaking and when 
the subject is listening. Most of the TD subjects are making eye contact when listening 
compared to when they are speaking during the biographical interview.  
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Figure 15: Displays the percentage of facial expression for all three TD groups. In all 
three groups, TD children are producing more facial expression when listening 
compared to when they are speaking during the biographical interview. A trend was 
found for the Younger TD group. Results are displayed with standard error bars. 
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Figure 16: Displays a scatterplot of the entire TD group by each subject. Each 
subject’s percentage of facial expression is displayed when the subject is speaking and 
when the subject is listening. The majority of the TD subjects are producing facial 
expression when listening as oppose to when they are speaking during the 
biographical interview. 
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DISSCUSSION 

How do typically developing school-age children communicate? The goal of 

this chapter is to answer this question by analyzing children’s multi-modal 

communication during a dyadic interaction. Understanding how TD children integrate 

channels of communication not only elucidates our knowledge of typical social and 

affective communication, but also provides a foundation to identify individuals 

exhibiting atypical social and emotional behaviors (Herba & Phillips, 2004; Tager-

Flusberg et al., 2005). In this discussion section, we present the TD communicative 

profile through a new approach, with a focus on the typical manner in which school-

age TD children use multi-modal communication to communicate with an adult. This 

TD profile will also serve as a foundation in Chapter 4, and Chapter 5, where atypical 

populations are compared against this typically developing population. 

 

Our Approach to Characterizing the Communicative Profile of TD Children 

In this study, children’s social and affective behaviors were captured through a 

semi-structure, naturalistic, biographical interview. Both verbal and non-verbal 

behaviors were measured as children interacted with an adult experimenter. Our 

approach is to investigate and examine how school-age children express and integrate 

communicative behaviors in a setting that is as naturalistic as possible. To best capture 

how children communicate, we have devised a micro-analytic coding scheme that will 

reveal which channels children use as well as how they integrate both verbal and non-

verbal channels of communication.  
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The Role of Age in Communication in TD school-age Children  

The school-age children in our studies are between 7 to 14 years of age. The 

majority of research regarding expressive communication in TD children has focused 

on younger children. Throughout this study, results were presented for the entire TD 

group, alongside a younger TD group (ages 7 and 8) and an older TD group (ages 9 to 

14). These analyses were conducted to test whether age plays a role in how children 

communicate with an adult. Overwhelmingly, when we compare the younger TD 

group to the older TD group, we do not see any effect of age on how children 

communicate in this conversational context. These results suggest two distinct 

possibilities. One, the TD group’s performance as a whole did not vary, as they were 

fairly homogenous with regards to social and affective communicative behaviors that 

were measured during this task. On the other hand, these results may have come about 

due to the large amounts of variability in both the younger and older TD groups. A 

closer examination of the degree of variability in our measures at both ages, suggests 

the data are consistent with the latter interpretation. Large amounts of variability were 

observed in a variety of social and communicative measures in both the younger and 

older TD groups. For example, if we take a look at the percentages of time spent with 

eye contact during the entire biographical interview (see Figure 3), the range of our 

youngest participants, 7 year olds, range from 8% all the way up to 66%. Similarly, if 

we examine 10 year olds in our older TD group, percentage of eye contact ranges from 

26% up to 63%. Facial expression results are also variable: when we examine the 

percentage of time producing facial expressions during the entire biographical 
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interview (see Figure 4), we find large amounts of variability are observed in both the 

younger and older TD groups.  

What might explain the large amounts of variability in our TD group? 

Typically developing children are not a homogeneous group. Large amounts of 

variance were observed for language measures, eye contact, and facial expression in 

our study. The personal experiences of an individual have been found to play a role in 

their ability to recognize emotional facial expression. Buchanan and colleagues (2010) 

investigating 4,608 individuals between the ages of 5-50, and found individuals with 

personal emotional experiences in life had a better ability to accurately assess 

emotional facial expression. Individuals who had experienced intense happiness were 

more accurate in recognizing facial expressions of happiness, and those who have 

experienced intense fear are more accurate in recognizing facial expressions of fear 

(Buchanan et al., 2010). Each child in our study also brings along with them their 

unique temperament, which also contributes to the variability in communicative style. 

Temperament has been defined as individual differences in reactivity and self-

regulation, influenced by heredity, maturation, and experience, and one of the 

outcomes of temperament is one’s personality (Rothbart, Ahadi, & Evans 2000; 

Rothbart & Derryberry, 1981). As early as infancy, differences in temperament have 

been found and these patterns have been shown to remain relatively stable thereafter 

(Gaias et al., 2012). Studies on different cultures have found temperament and 

personality profiles to be shaped by societal norms, moral climates, group dynamics, 

and child rearing practices (Gaias et al., 2012; Slobodskaya, Gartstein, Nakagawa, & 

Putnam, 2012). Given that age did not play a role in communication of the typically 
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developing children, the TD group, is discussed as a single unit from this point 

forward.   

 

Communication in TD School-age Children  

To be a successful communicator, a person must be able to produce language 

in an efficient manner to convey one’s thoughts and ideas. If the system anywhere 

along the way breaks down, the message being conveyed may be lost or is not 

conveyed in the intended manner. During a conversation, a person must be able to 

coordinate many different abilities. To produce language, a person must be able to 

plan, organize, integrate, and finally execute the message in a timely manner, and it 

must be pertinent to the preceding utterance. In addition, the person may be providing 

information from non-verbal sources, such as affective information from the face.  

For this study, to best assess how TD school-age children communicate, 

multiple channels of communication were examined to create communicative profiles 

for these children. These channels of communication include speech, eye gaze 

behaviors, facial expression, and the co-occurrences and integration of these channels. 

In addition, these communicative behaviors were examined by looking at different 

phases or contexts within the interview, e.g., the entire biographical interview, during 

narrative segments with affective content, when the child is producing speech, and 

when the child is listening to speech. In the following sections, we discuss the results 

starting with a summary, followed by language measures, then non-verbal social 

behaviors produced during the entire interview, and finally, how these non-verbal 

social behaviors are produced when children are playing different roles during the 
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interview.  

 

Summary of the Results 

 In our study, TD children are producing language efficiently, producing few 

errors, and incorporating evaluations into their stories. Children also produced non-

verbal behaviors throughout the biographical interview. Eye contact was present for a 

little under half of the interview and facial expressions were expressed with smiles 

being the dominant affect produced. Co-occurrences of eye contact and facial 

expressions were also present with smiles once again accounting for the majority of 

these co-occurrences, suggesting children are using these channels together when they 

are in a positive affective state. Finally, differences in non-verbal behaviors were 

observed when children were either speaking or listening. These differences suggest 

that children are sensitive to the differing roles and their conversational requirements.  

 

Language Use in TD School-age Children  

  Typically developing school-age children are producing language efficiently, 

producing over 11 propositions per minute on average. With regards to 

morphosyntactic errors produced during the social interaction, TD children only 

averaged a rate of 5.6%. This translates roughly to one error for every 17 propositions 

produced. For a measure of syntactic complexity, a rate of 57.6% was found in these 

TD children. In other words, for every two propositions produced, an element of 

syntactic complexity was present in the speech stream. Within these language 

measures, large amounts of variability were present in our TD group. For the 
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percentage of morphosyntactic errors, the standard deviation (4.6%) was almost 

equivalent to the mean (5.6%). If we examine the standard deviation of 

morphosyntactic errors across our younger and older TD groups, the standard 

deviation does not go down, but a slight uptick in the percentage of the standard 

deviation is observed (4.4% in the younger group compared to 4.9% in the older 

group). This suggests that variability is present throughout our TD group, and is not 

due to one particular age group driving the variance for this measure. A similar pattern 

is observed for the standard deviation when we observe the percentage of complex 

syntax. The standard deviation in our older group is larger (19.6%) compared to our 

younger group (13.2%), once again suggesting that variability is not dependent on age 

as it is found throughout our TD group. The variability we observe in our TD groups 

may be due to a variety of sources. In addition to the sources mentioned above, 

Huttenlocher and colleagues (2010) found that syntactic structures parent’s use play a 

large role in the variance observed in their child’s language. In addition, social 

economic status was related to language growth, as this was partially mediated by 

caregiver’s speech (Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010).   

 Social language use was also investigated. During the biographical interview, 

children produced narratives that were rated by coders as either positive, negative, or 

having no affect (coded as neutral). The TD children on average produced more 

positive narrative segments than negative or neutral segments. In fact, 19 out of the 26 

TD children did not produce a single negative segment during the biographical 

interview. This is not too surprising, the bias towards positive content reflects the 

nature of the biographical interview, which is generally a positive interaction between 
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the child and experimenter. Below is an example of a positive narrative segment from 

an eight-year-old female.  

 

EXP: So you told me you went to the fair recently, tell me about that. 
CHI: Well...um I went with my friends because my friends I don't 
get to see them very often...um so that was kind of celebrating my 
birthday too. 
EXP: Ah 
CHI: I gotta go on some rides. It was really fun. and then I got a toe 
ring and I'm wearing it right now. 
 

Next, we examined social language use at a more detailed level by 

investigating the use of evaluative devices. On average, 28.3% of the propositions 

contained an evaluative device and 15.5% included a social evaluative device. A little 

over half of all the evaluative devices produced by the TD group contained a social 

evaluative device. Below is an example of a seven-year-old male talking about his 

friend. Intensifiers (only, really, forever) and hedges (probably, I think) are observed. 

 

CHI: His name is Benicio. It's the only friend I like really wanna be 
with forever. 
EXP: aw. 
CHI: and he, I've been friends since kindergarten. 
EXP: Wow, you guys must have a lot in common then. Yeah, what 
kind of things do you guys have in common? 
CHI: I go to his house for sleepovers like hmm like probably every 
year I think. and like we play some games and stuff. 

 

Taken together, the above language measures highlight the typical pattern of language 

structure and social language in conversation for school-age children.  
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Non-Verbal Social Behaviors Produced during the Entire Interview 

 Three separate non-verbal channels of communication were analyzed during 

the entire biographical interview: eye contact, facial expressions, and the co-

occurrences of eye contact and facial expression. These non-verbal expressive 

behaviors provide a sense of how TD children convey important non-verbal 

information towards the experimenter. These measures gauge attention and affect, and 

along with the verbal profile, will help us construct the social and affective 

communicative profile of our TD children. During the biographical interview, eye 

contact was found to be present 44.4% of the time during the entire biographical 

interview. On average, the TD child made 96 separate instances of eye contact during 

the entire interview. That results in an average of 12 instances of eye contact per 

minute. The average duration of each eye contact was 2.51 seconds.  

Facial expressions were produced for 28.8% of the interview, (19.8% were 

positive smiles, 1% were negative facial expressions, and 7.9% were other facial 

expressions). These scores reflect a positive bias, which again, is not surprising, given 

that the task itself is generally a positive interaction between the child and 

experimenter. More interestingly, children used both eye contact and facial expression 

for about 13.6 percent of the interview and 75% of all co-occurrences included a 

smile. The results suggest that when children are expressing these two channels 

together, the child’s current affective state is positive or children are using a smile as a 

way to signal to the experimenter information that has no particular affect attached to 

it. For example, smiles have been found as back channel responses (Brunner, 1979). 

Smiles were found to be present when individual’s uttered phrases such as “yeah”, 
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“uh-huh” and when individuals used a head nod in their conversations. These uses of 

smiles potentially could signal to their interlocutor that they understood, are in 

agreement, or acknowledging what is being uttered. Another category where smiles 

have also been observed is when people greet others (Poggi, et al., 2010). This 

particular use of a smile has been found to not carry affect and has been found to be on 

display for performance only. Raz and Rafaeli (2007), examined Japanese service 

employees and found that smiles were used as public performance as they were not 

concerned about “being phony”, workers were more interested in the concept of 

“show” and “keeping up appearances” (Raz & Rafaeli, 2007). Based on our data, 

children are using these social conversational conventions as reflected in the different 

frequencies of use as they take the role of listener or speaker.  

 

Speaking versus Listening 

The role of speaker and listener are different. The role of the speaker is to 

convey information in a manner that is comprehensible to the listener. Along with 

verbal speech, the speaker can utilize non-verbal channels to provide additional 

information that either supplements the speech or provides new information through 

non-verbal channels. For example, the use of facial expressions and gestures can helps 

make the message more understandable. Another role of the speaker is to keep in mind 

what already has been said and what else the listener needs to complete the successful 

exchange. The listener is an active participant during this interaction as they attend to 

what is being conveyed from the speaker. They must integrate what is currently being 

said with what has been said previously to construct a full picture of what is being 
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conveyed to them. The listener also can convey information back to the speaker 

through various channels of non-verbal behaviors. For example, facial expressions to 

display positive affect such as a smile (AU 6+12) or eyebrows lowering towards the 

center (AU 4) to create a frown to can be a display of anger. Smiles can also be used 

to signal understanding, confirmation, and acknowledgement. Negative facial 

expressions can signal confusion or misunderstanding. Other facial expressions such 

as a (AU 1+2, raised brows) on the face of the listener can also signal interest. 

Listeners can also provide head nods or shakes to signal agreement/disagreement and 

other information such as direction in space (Poggi et al., 2010). The listener can also 

signal their attentional focus by their eye gaze. Goodwin (1980) has noted that 

speakers prefer the eye gaze of the listener, and will start their sentences over, or even 

pause when they do not have the gaze of the listener.  

 

Eye Contact as Speaker/Listener 

When the children were speaking, they made eye contact present 39.6% of the 

time. In contrast, when listening, the percentage of eye contact increased to 63.9%. 

The increase contact as listener suggest that children are attending to the experimenter 

as the experimenter is talking. Previous studies have found that when engaging in a 

cognitive task, older children and adults tend to avert eye contact to decrease cognitive 

load and increase concentration (Doherty-Sneddon et al., 2002; Salamanca 2011). The 

decreased in eye contact when children are speaking may reflect an attempt to reduce 

their cognitive load as they concentrate and prepare answers to the experimenter’s 

questions. 
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Below is an example of a 13-year-old female speaking on the topic of a 

television show. The subject first produced a smile before making eye contact (see 

Figure 17). Throughout the three frames, the child is speaking: 

 
CHI: It's just all like   ...because there's like...   it's so graphic. 
            Frame 1           Frame 2         Frame 3 
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Figure 17: In the left frame, the child is not producing eye contact and has a neutral 
face. In the middle frame, the child is still not making eye contact, but does have a 
smile. In the right frame, the child makes eye contact and is producing a smile 
together. In these three frames, the child is speaking on the topic of a television show.  
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The example above shows the integration of language, attention, and affect. 

The child is speaking on a topic that was positive, her favorite television show. While 

speaking, she smiles. She continues to smile as she makes eye contact with the 

experimenter. The child is integrating different channels of non-verbal behaviors as 

she speaks.  

 

Facial Expression as Speaker/Listener 

Similar to eye contact, production of facial expression also increased during 

the listening phase Facial expressions were present 24.9% of speaking time and 31.1% 

while listening. Listeners are active participants in a conversation and communicate 

through non-verbal channels such as facial expression, which can be used to indicate 

the listener’s current affective state or as noted above, to signal acknowledgement or 

comprehension. To illustrate these behaviors, in the example below (see Figure 18), 

the child is listening with eye contact and has a neutral face. As the experimenter 

makes a remark about a television show, the child begins to smile, and her smile is 

based off of the experimenter’s comments about a television show that she also 

watches.  

 
EXP:  (eye contact starts here; neutral face on the child) I can’t pretend 
to not know anything (an appearance of a smile starts) about Glee (full 
smile).  
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Figure 18: In the left frame, the child is producing eye contact and has a neutral face. 
In the right frame, the child still maintains eye contact, but now is producing a facial 
expression, a smile. The child is listening to the experimenter and reacts with a smile 
due to the content coming from the experimenter.  
 

 

Taken together, these results suggest that children are behaving differently 

depending on the role they are playing. There is more non-verbal activity during the 

listening phase than the speaking phase and is largely driven by eye contact. Eye 

contact reflects attentional focus. In a conversation, especially in this format where 

children are asked a series of questions about themselves, paying attention is crucial 

since their responses depend on the questions asked. In addition, aversion of eye gaze 
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has been found in situations where individuals need to decrease cognitive load and 

increase concentration (Doherty-Sneddon et al., 2002; Salamanca 2011). This may 

explain why eye contact is higher when children are listening than when they are 

speaking.  

Facial expression can be used to convey affect or used as a signaling device in 

a conversation. In our data, children produced more positive narrative segments than 

neutral or negative narrative segments. Children also produced smiles throughout 

these segments. It is suggested that in many cases, telling positive stories will elicit 

smiles. But not all facial expressions produced during the interview are emotional in 

nature as described above. The increased facial expression and eye gaze as the child is 

listening suggests that the children have acquired the social-cultural conventions 

associated with these different conversational roles.  
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CONCLUSION 

The results above present the TD communicative profile and address questions 

of how school-age children communicate. School-age children ages 7 to 14 were 

relatively heterogeneous in many of their communicative scores, as age did not play a 

role in how children communicated in conversation. When producing language, TD 

children are fairly competent and efficient communicators, producing few errors, and 

telling predominantly positive stories. Children also produced non-verbal behaviors 

throughout the biographical interview. Eye contact was present for a little under half 

of the entire interview, with the majority of eye contact occurring when the children 

were listening to the experimenter. Facial expressions were present for a little over a 

quarter of the interview, mostly during listening, with smiles being the dominant 

expression during the social interaction; children convey affective and discourse 

information to the experimenter. These differences in behaviors during different 

phases of the interview suggest children are sensitive to these conversational roles and 

have learned the associated social-cultural rules. This communicative profile of typical 

school-age children will now be used as a foundation for Chapter 4 and 5 when these 

TD children are compared to different groups of children with atypical development.  
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Chapter 4: The Social and Affective Communication Profile of School-age Children 
with High Functioning Autism and School-age Children with Williams Syndrome 
     
 
INTRODUCTION 

Social communication is central to the human experience and affects all 

aspects of one’s life. Lacking the ability to process and effectively convey social 

information in school-age children can lead to deficits in maintaining relationships and 

academic problems in school (Wentzel, 1991; 2003). Individuals do not communicate 

and interact socially in the same manner; we adapt to our current environment and act 

accordingly. Tomasello (1999) suggests that the human social-cultural environment is 

a key component in the development of human social-cognitive skills. For example, a 

human child brought up in an environment lacking intentional interactions and 

deprived of cultural norms would likely not fully develop the skills of imitative 

learning. In a study examining traits, attitudes, and skills related to intercultural 

effectiveness, Hannigan (1990) found factors that made individuals successful and 

factors that hindered success. The ability to communicate effectively, ability to 

establish and maintain relationships, cultural empathy, linguistic ability, and a realistic 

view of the target culture, and organization skills were all aspects of effective 

intercultural effectiveness. On the other hand, traits such as anxiety, authoritarianism, 

perfectionism, rigidity, and narrow-mindedness, were all negative factors to 

intercultural effectiveness (Hannigan, 1990). From these studies, the ability to 

communicate within a social-cultural environment is critical for the development of 

effective communication.  
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Individuals with neurodevelopmental disorders often have significant 

impairments in social communication that impact their relationships with others. The 

mechanisms that are implicated in these impairments are poorly understood. The goal 

of this study is to focus on how children use and integrate different channels of 

communication when interacting in a naturalistic social situation. The result from this 

study will help in better characterizing the social and communicative phenotype of 

each group. In Chapter 2, a review of what is known about the social phenotypes of 

our groups was presented. This current chapter focuses on children with HFA and 

children with WS. Broadly, in social situations, individuals with HFA tend to be 

withdrawn from others, while those with WS are often quite social, seeking out 

contact and connecting with others. Given these contrastive profiles, children with 

HFA and children with WS are often considered to be on opposing ends of the 

sociability spectrum. While there have been studies looking at individual behaviors, 

such as language (e.g., Capps, Losh, & Thurber, 2000; Losh, Bellugi, Reilly, 

Anderson, 2000; Reilly, Bates, & Marchman, 1998; Reilly, Losh, Bellugi, & Wulfeck, 

2004) or eye gaze (Riby, Doherty-Sneddon, & Bruce, 2008; Riby & Handcock, 2009; 

Riby et al, 2011), little is known about how children with HFA and children with WS 

use and integrate these communicative tools in conversation. Therefore, this chapter 

investigates how children communicate through verbal and non-verbal channels with 

an adult during a semi-structured naturalistic conversation.  

 

Social Communication in a Naturalistic Setting 
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To best capture how children communicate during a dyadic social interaction, 

we have devised a micro-analytic coding scheme that can reveal which channel(s) of 

communication children are using as they converse with an adult. In addition, this 

coding scheme will allow us to quantify social and affective behaviors, as well as the 

temporal dynamics of communication. Specifically, we are able to observe how 

children integrate both verbal and non-verbal channels of communication as they 

complete this task. The coding scheme was incorporated into the software platform 

Eudico Linguistic Annotator (ELAN; Brugman & Russel, 2004; Lausberg & Sloetjes, 

2009), where multi-tier annotations were created based on behaviors observed in the 

data. Our approach is to investigate social and affective communication in as 

naturalistic setting as possible. For children to express themselves in the most 

naturalistic way, children should be tested in situations that occur in everyday life. 

Therefore, in this study, children participated in an interview, where they answered 

common everyday questions, for example, “what did you do over the weekend?”, and 

“do you have any brothers or sisters?.” Such questions are encountered on a regular 

basis, whether at school, at a friend’s house, or at the dinner table. Our approach is to 

examine how children integrate social and expressive behaviors in the most 

naturalistic way. 

 

The Current Study: Investigating the Communicative Profile of Children with 

Neurodevelopmental Disorders 

 In this chapter, we will assess how children with WS or HFA communicate by 

investigating how language, affect, expressivity, and social behavior are expressed 
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during a dyadic conversation. In addition, communicative behaviors were examined at 

different phases or contexts within the interview: the entire biographical interview, 

during narrative segments with affective content, when the child is producing speech, 

and when the child is listening to speech. Together, these results will allow us to create 

communicative profiles for these two groups of children with neurodevelopmental 

disorders. 

Language measures gauge how school-age children express language at a more 

structural level, measuring both language output and language quality. Specifically, 

we examine the production of language output, the rates of errors, and construction of 

sentences to assess the quality of the language produced. Previous studies in younger 

verbal children with ASD have mostly shown impairments, especially with 

morphology, compared to various contrast groups matched on mental age (Bartolucci, 

Pierce, & Streiner, 1980; Roberts, Rice, & Tager-Flusberg, 2004; Tager-Flusberg et 

al., 1990). Children with WS have also shown impairments on certain aspects of 

formal language (Clahsen, Ring, Temple, 2004; Losh et al. 2000). We expect both 

groups to have problems with morphology and syntax. We also examine how children 

use language in a social manner by investigating evaluative language (i.e., intensifiers, 

emotional states and verbs). Past research has found the structural and social aspects 

of language are not necessarily correlated, i.e., young children with WS are relatively 

more social in their language use while displaying deficits in the structural rule-based 

aspects of language (Losh et al., 2000; Reilly et al., 2004). Our last language measure 

examines questions posed by the child to the adult experimenter during the dyadic 

interaction. This engagement is a type of expressivity by the child as they try to 
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involve the experimenter into the conversation. This behavior also breaks the social 

conventions for interviews, as children are expected to answer questions and are not 

the ones asking questions.  

Along with our verbal measures, non-verbal aspects of communication such as 

eye gaze behaviors and the production of facial expression will be examined during 

the dyadic interaction. Past studies with children with ASD have characterized a 

persistent deficit in eye gaze behaviors, especially the failures to make eye contact 

during social interactions (Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Phillips, 

Baron-Cohen, & Rutter, 1992). Past studies with individuals with WS have 

characterized intense eye contact during social interaction (Riby et al., 2008; Riby & 

Handcock, 2008). We expect atypical gaze patterns in both our groups. With regards 

to facial expression, children and adolescent with ASD have shown deficits in both the 

perception and production of facial expressions (Loveland et al., 1994; MacDonald et 

al., 1989; Arkush, Smith-Collins, Fiorentini, & Skuse, 2013). In the WS population, 

facial recognition has been found to be a relative strength (Bellugi et al., 2000). 

However, there is some evidence of facial expression production deficits in the WS 

population, especially in the usage of the upper face, which may be related to the 

unique craniofacial morphology of WS (Elsabbagh, Reilly, & Bellugi, 2004). How 

will children use facial expressions in this social interaction? Will we observe reduced 

facial affect production during the entire biographical interview for both of our 

neurodevelopmental groups? These social and expressive measures give an indication 

of how expressive these school-age children are when interacting in this context and 
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provide information on their attention and affective state when conversing with an 

adult. 

These two non-verbal behaviors, eye contact and facial expression, will be 

assessed in multiple contexts: the entire biographical interview, during narrative 

segments with affective content, and when the child is the speaker versus listener. 

When providing personal information during the interview, how is emotional content 

expressed through the stories that are told to the experimenter? When producing 

narratives with affective content, how do children use other channels of behaviors 

(i.e., eye contact and facial expression) alongside these affective segments? Finally, 

how do children recruit and use these non-verbal channels of communication during 

this dyadic social interaction? What are the temporal dynamics of these behaviors? To 

answer this, co-occurrences of facial expressions and eye contact will be coded. Taken 

together, these measures provide important information and will help build more 

complete profiles of how these children communicate during a naturalistic, semi-

structured, dyadic social interaction. Insights from this study will add knowledge to 

our understanding of social-communicative development in school-age children.  
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METHODS 

Participants for Biographical Interview  

Sixty-three children from three populations participated in the biographical 

interview. The Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) 

was used to collect all intelligence quotient (IQ) measures. The total number of 

children in each group, gender, age, and IQ scores are listed in Table 9. All 

participants were monolingual English speakers, with no exposure to a second 

language before the age of five, and all had normal (or corrected) visual and auditory 

acuity. Participants were excluded from the study if they had a prior medical condition 

that might interfere with test performance (e.g. severe closed head trauma, meningitis, 

brain tumor).  

Children in the HFA group met diagnostic criteria for “Autism” from the 

Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV; APA, 2000) and 

“Autistic Disorder” on the Autism Diagnostic Interview—Revised (ADI-R; Lord et 

al., 1997), and/or “Autism” on the Autism Diagnostic Observation Schedule (ADOS; 

Lord et al., 1989). No child had a specific underlying genetic or metabolic diagnosis 

(e.g. tuberous sclerosis, Fragile X Syndrome, structural brain malformations). 

Children with a potential diagnosis of HFA were identified from the pediatric 

neurology clinic population, as well as through referrals from other clinicians and 

health care professionals. Potential participants were also recruited through various 

autism events in the community.  

Children in the WS group met the diagnostic criteria specified by the 

Committee on Genetics from the American Academy of Pediatrics “Health Care 
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Supervision for Children with Williams Syndrome” (American Academy of 

Pediatrics, 2001). Individuals with WS must have a confirmed diagnosis of WS by a 

medical geneticist, who verified the loss of one copy of the gene for Elastin in 

chromosome 7q11.23 by fluorescent in situ hybridization (FISH) test. Individuals with 

WS were recruited from the community through specific WS events and through the 

Williams Syndrome Association.  

To be included in the TD group, children must have met these following 

inclusionary criteria: normal developmental and medical histories and normal 

neurological exams. All scored within the normal range on standardized tests of 

intelligence, language, and academic functioning, and none had a history of chronic 

medication use. These TD children were recruited from the community through flyers, 

advertisements in local newspapers, and family magazines. All data collected for this 

dissertation is part of the larger Project for Cognitive and Neural Development 

(PCND) study on social and affective components of communication and 

neurodevelopmental studies of language and literacy in San Diego, California (NIH-

NINDS P50 NS22343).  
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Table 9: The Number of Children, Gender, Age, and IQ Scores for the Biographical 
Interview  

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) P 

Gender 16M, 7F 4M, 10F 12M, 14F   

Age 10.22 
(1.70) 

10.78a 
(1.96) 

9.04a 
 

(2.22) 4.11 0.021 

IQ Measures from the WASI 

FSIQ 94.57ac 

(18.93) 
67.28bc 

(8.28) 
112.58ab 
(10.56) 48.59 < 0.001 

VIQ 94.70ac 

(20.38) 
71.57bc 
(10.73) 

116.38ab 
(11.24) 40.88 < 0.001 

PIQ 95.65ac 

(20.16) 
67.85bc 

(7.20) 
105.88ab 

(11.65) 30.66 < 0.001 

Note. Standard deviations appear in parentheses below means. 
Means with subscripts within rows are significantly different at 
the p < .05 based on Tukey-HSD post hoc comparisons. 

 

 

Materials and Procedure for the Biographical Interview  

Materials and procedures for this study are the same as in Chapter 3.  
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RESULTS 

Group Characteristics 

 Age and IQ: Measures of age and IQ scores for all three groups can be seen in 

Table 9. Age was significantly different between the three groups, as the WS group is 

a little less than two years older than the TD group. No differences were found in the 

HFA group as they were in between both the TD and WS group. For all three IQ 

measures, FSIQ, VIQ, and PIQ, significant differences were found as the TD group 

scored significantly higher than both the HFA and WS groups. In addition, the HFA 

group scored significantly higher than the WS group.  

 

Language Output and Language Quality 

Length of Interview: Since the biographical interview is not a timed task, 

length of time to complete the interview and number of propositions produced by the 

child were tallied and later used to control for length. The length of the biographical 

interview was not significantly different between the HFA, WS, and TD groups (see 

Table 10). All three groups averaged around 7 to 8 minutes to complete the task. To 

control and standardize language production measures due to varying amounts of 

verbal output, child-produced propositions were tallied for all three groups and used as 

a denominator on multiple language scores. A significant group difference was 

observed for the number of propositions produced (see Figure 19). Post-hoc testing 

revealed differences between the WS and TD groups as the TD group produced more 

propositions than the WS group. No difference was found between the HFA and TD 

groups.  
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Table 10: Language Output and Structural Language Scores during the Biographical 
Interview  

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Length of 
Interview 

7 m. 58 s. 
(2 m. 27 s.) 

7 m. 5 s. 
(1 m. 28 s.) 

7 m. 59 s. 
(1 m. 56 s.) 1.02 0.36 

Numbers of 
Propositions 

72.6 
(53.3) 

54.2a 
(30.9) 

91.3a 
(44.0) 3.15 0.049 

Percentage of 
Morphological 

Errors 

12.3%a 
(11.3%) 

19.8%b 
(12.7%) 

5.6%ab 
(4.6%) 10.28 <0.001 

Percentage of 
Complex Syntax 

46.0%a 
(15.9%) 

40.3%b 
(19.1%) 

57.6%ab 
(16.4%) 5.49 0.006 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD post hoc comparisons. For Time: m. is minutes, s. is seconds.  

 

 

 
Figure 19: Displays the average number of propositions for all three groups during the 
biographical interview. The TD group produced more propositions than the WS group. 
Results are displayed with standard error bars. The colored star indicates significant 
group comparisons, for example the red star above indicate a statistical difference 
between the TD and WS groups. This colored star system signifies specific post hoc 
comparison of two groups and will be used here onwards. 
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Language Production: Language was measured during the biographical 

interview by assessing morphosyntactic proficiency and syntactic complexity. 

Morphological proficiency was investigated through the percentage of errors produced 

during the interview (total errors/number of propositions; see Figure 20). Differences 

were observed, as the HFA and WS groups produced more morphosyntactic errors 

than the TD group (see Figure 20). A trend was observed (p=0.063) between the HFA 

and WS groups as the WS group committed more errors than the HFA group. Large 

amounts of variability were observed for the groups, especially in the HFA and WS 

groups (see Figure 21 for a scatterplot of the data). Next, syntactic complexity was 

examined in all three groups (see Figure 22). Significant differences were observed 

between the TD group and both the HFA and WS groups. The TD group produced 

more complex syntax than both HFA and WS groups, while no difference was 

observed between the HFA and WS groups.  
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Figure 20: Displays the percentage of morphological errors for all three groups during 
the biographical interview. The HFA and WS groups produced a higher percentage of 
morphological errors than the TD group. A score of 10% means a child is making one 
error every ten propositions. Results are displayed with standard error bars. 
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Figure 21: Displays a scatterplot of the percentage of morphological errors for all three 
groups during the biographical interview. The HFA and WS groups produced a higher 
percentage and are more variable in their production of morphological errors than the 
TD group. A score of 10 means a child is making one error every ten propositions. 
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Figure 22: Displays the percentage of complex syntax use for all three groups during 
the biographical interview. The TD group produced a higher percentage of complex 
syntax than both the HFA and WS groups. A score of 0.5 means an element of 
complex syntax for every two propositions produced. Results are displayed with 
standard error bars. 
 

 

Social Language Use 

Use of Evaluative Devices: Social use of language was investigated in more 

detail using the Reilly Evaluative Coding System (Reilly et al., 1998; 2004). Recall 

that these devices include: emotional states and verbs, emphatics, intensifiers and 

attention getters, character speech, mental verbs, causal markers that reflect motivation 

of a character, direct quotes, audience hookers, and sound effects. Total Evaluative 

Devices were examined and a trend was found: the HFA group produced fewer of 

these devices during the biographical interview than either the WS or TD groups (see 

Table 11). The category of Total Evaluative Devices includes both cognitive (e.g., 

mental verbs and causal markers that reflect motivation of a character) and social 
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character speech, direct quotes, audience hookers, and sound effects). The social 

elements were combined to create the category of Social Evaluative Devices (see 

Figure 23 for both categories of evaluations). Social evaluative devices are used to 

attract and maintain the listener’s attention, through the child’s attitude and 

perspective as they discuss various personal topics during the interview. A trend was 

found for Social Evaluative Devices (p=0.09), interestingly, the order of the group’s 

means have shifted from the Total Evaluative Devices. The WS group is now 

producing the most Social Evaluative Devices compared to the HFA and TD groups. 

Examining the percentages of Social Evaluative Devices, 72% of the evaluations 

produced in the WS group were social, compared to 61% in the HFA group, and 54% 

in the TD group. Large amounts of variability were observed for the production of 

Social Evaluative Devices (see Figure 24 for a scatterplot of the data).  

 

 

 
Table 11: Social Language Use during the Biographical Interview 

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Total  
Evaluations 

21.8% 
(10.4%) 

26.2% 
(10.7%) 

28.3% 
(9.8%) 2.49 0.09 

Social 
Evaluations  

13.4% 
(8.1%) 

19.1% 
(7.4%) 

15.5% 
(6.9%) 2.48 0.09 

Asking Questions 
During Interview 12 children 10 children 2 children   

Note. Standard deviations appear in parentheses below means.  
 



	  

	  

209 

 
Figure 23: Displays two figures reflecting the percentage of evaluations during the 
biographical interview. On the left hand side of this figure, the percentage of Total 
Evaluation, which consists of both cognitive and social evaluations, is depicted. On 
the right hand side of this figure, the percentage of Social Evaluation is shown. Notice 
the trend within the WS group (in red) for both figures and how the WS group use 
more social evaluations than both HFA and TD groups. A score of 0.2 means one 
evaluative device for every five propositions produced. Results are displayed with 
standard error bars. 
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Figure 24: Displays a scatterplot of the percentage of social evaluations for all three 
groups during the biographical interview. Large amounts of variability are observed 
especially for the HFA and TD groups. A score of 10% means one social evaluation 
for every ten propositions produced. 
 

 

Turning the Tables: Another social and expressive behavior observed during 

the biographical interview was the child asking questions directed towards the 
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the experimenter questions. This behavior was observed in 2 out of the 26 TD children 

and each child asked one question each. This behavior was observed in 12 HFA 

children out of 23 total children with a total of 29 questions asked by the HFA group. 

For the WS group, 10 out of 14 children asked a question of the experimenter with a 

total of 25 questions asked. Going back to the transcripts, a content analysis of the 

type of questions asked was completed. For the TD children, one child asked a 

personal question directed toward the experimenter while the other TD child asked a 

question based on the topic that was being discussed. Of the 29 questions asked by the 

HFA children, 8 were of the personal nature and 21 questions were on the topic being 

discussed. The WS group posed 12 personal questions to the experimenter with 13 

questions on the topic being discussed. Below are five examples of questions asked by 

the child during the biographical interview. The first three examples are from the HFA 

group and the last two are from the WS group.  

 

HFA, 8 years old, Male (on the topic of school) 
EXP: So, now in school? 
CHI: Uh and guess what grade I got? 
EXP: You got a one hundred. 
CHI: Yes, one hundred percent! 
EXP: One hundred percent, that's excellent! 

 

HFA, 11 years old, Female (on the topic of playing outside) 
CHI: and well you see a bee came straight to me and you know where 
it stinged me? 
EXP: No, where? 
CHI: Right on my forehead. 
EXP: Oh my goodness. 
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HFA, 7 years old, Male (personal question directed at the 
experimenter) 
CHI: How old is your son? 
EXP: My son he is one and a half. 
 

WS, 10 years old, Male (personal question directed at the 
experimenter) 
CHI: So what are you gonna do there? 
EXP: I'm gonna have a baby.  
CHI: and I hope you don't get lots of blood coming down. 
EXP: Oh well thank you very much, I hope so as well. 
 

WS, 14 years old, Female (personal question/statement directed at the 
experimenter) 
CHI: You're a so funny. 
EXP: You are so funny. 
CHI: No you are. You are cotton cute. 
EXP: Aww that's sweet. 
CHI: You are cotton cute. 
EXP: That's funny 
CHI: Yes.  
 

 

In the children that did exhibit this asking question behavior, we examined if 

their age might play a role. To examine this, we examined whether the children were 

younger or older than their group mean age. For the HFA group, seven children were 

younger than their group mean age, five were over the group mean age. For the WS 

group, six were under the group mean age and four were over the group mean age. 

Both the TD children were younger than their group mean age. For both the HFA and 

WS, age did not play a role in asking behaviors.  
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Figure 25: Displays the number of children asking questions towards the experimenter 
for each group. About half the HFA children asked questions, a majority of the WS 
children asked questions, while this behavior was a rarity in the TD group.   

 

 

Non-Verbal Social Behaviors Produced during the Entire Interview 

 In these next set of results, eye contact, facial expressions, and the co-

occurrences of eye contact and facial expression will be displayed. These non-verbal 

communicative behaviors provide a sense of how children express important non-

verbal information towards the experimenter. These measures gauge attention and 

affect, and along with the verbal profile, will help us construct the social and affective 

communicative profile of all the groups of children in our study. 

 

Eye Contact for the Entire Biographical Interview: For eye contact, three 

different measures were collected (see Table 12). They included: the average group 
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average frequency of eye contact throughout the biographical interview. This 

particular measure is a raw score, and gives us a sense of how many times the child is 

making eye contact for the entire biographical interview. As the child shifts their gaze 

that initially starts away from the experimenter and moves towards the experimenter, 

this would be considered an instance of eye contact. Second, we observed the average 

duration of each eye contact in seconds. This particular measure gives us a sense of 

how long the average duration of one eye contact last. Finally, we obtained the 

percentage of eye contact by summing up all the duration of eye contact and dividing 

by the length of the entire interview.  

For the frequency of eye contact during the biographical interview, significant 

group differences were found. The mean frequency of eye contact for the TD group 

and the HFA group was significantly higher than the WS group (see Figure 26). The 

TD and HFA group did not significantly differ from each other. For average duration 

of eye contact, this was also statistically significant, the WS group had on average 

longer eye contact than both the HFA and TD groups (see Figure 27). The TD group 

did differ significantly from the HFA group. Large amounts of variability were 

observed within the three groups (see Figure 28 for a scatterplot of the data). 

Interestingly, the WS group separated into two clusters, where half the WS group 

produced around six seconds of eye contact on average while, the other half of the WS 

group were more in line with the HFA and TD average of two seconds per eye contact. 

Next, the percentage of eye contact over the entire duration of the interview was 

obtained. There was no significance between any of the groups. The eye contact 

frequency advantage in the HFA group and the eye contact duration advantage in the 
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WS group are cancelled out once they are combined for the overall percentage of eye 

contact during the biographical interview. The results on eye contact suggest a 

qualitative difference in how the HFA and WS groups use eye contact during the 

social engagement.   
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Table 12: Non-verbal Communicative Behaviors Scores during the Entire 
Biographical Interview  

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Eye Contact During the Entire Biographical Interview 
Frequency of 
Eye Contact  

83.0a 
(40.0) 

52.2ab 
(21.5) 

96.0b 
(34.6) 7.36 0.001 

Average 
Duration of 
Eye Contact  

2.31 s.a 
(1.52 s.) 

4.16 s.ab 
(1.97 s.) 

2.51 s.b 
(2.04 s.) 4.91 0.010 

Percentage of 
Eye Contact  

36.7% 
(20.6%) 

46.6% 
(18.3%) 

44.4% 
(17.5%) 1.55 0.220 

Facial Expressions During the Entire Biographical Interview 
Percentage of 

All Facial 
Expression  

16.6%ab 
(9.7%) 

27.0%a 
(12.6%) 

28.8%b 
(11.3%) 7.98 <0.001 

Percentage of 
Positive 
Facial 

Expression  

6.2%ab 
(7.4%) 

20.3%a 
(13.1%) 

19.8%b 
(11.8%) 11.80 <0.001 

Percentage of 
Negative 

Facial 
Expression  

2.2% 
3.4% 

1.2% 
(1.5%) 

1.0% 
(1.3%) 1.90 0.158 

Percentage of 
Other Facial 
Expression 

7.9% 
(5.3%) 

5.4% 
(3.8%) 

7.9% 
(5.3%) 1.24 0.296 

All Facial 
Expressions  

4.33 per m 
(2.26 per m.) 

5.44 per m. 
(2.31 per m.) 

5.89 per m. 
(2.41 per m.) 2.78 0.069 

Positive 
Facial 

Expression  

1.18 per m.ab 
(1.29 per m.) 

3.33 per m.a 
(1.88 per m.) 

3.00 per m.b 
(1.60 per m.) 11.28 <0.001 

Negative 
Facial 

Expression  

0.74 per m. 
(0.92 per m.) 

0.31 per m. 
(0.32 per m.) 

0.35 per m. 
(0.44 per m.) 2.85 0.065 

Other Facial 
Expression  

2.40 per m. 
(1.52 per m.) 

1.79 per m. 
(1.20 per m.) 

2.53 per m. 
(1.69 per m.) 1.09 0.340 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD. For Time: m. is minutes, s. is seconds.  
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Figure 26: Average frequency of eye contact for all three groups during the entire 
biographical interview. The HFA and TD groups made more frequent eye contact with 
the experimenter than the WS group. Results are displayed with standard error bars.  

 

 
Figure 27: Average duration of eye contact for all three groups during the entire 
biographical interview. The WS group had significantly longer average duration of 
eye contact than both the HFA and TD groups. Results are displayed with standard 
error bars.  
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Figure 28: Displays a scatterplot of the average duration of eye contact for all three 
groups during the biographical interview. Large amounts of variability are observed 
especially for the WS group where half of the group is producing eye contact around 6 
seconds while the other half is around 2 seconds.  
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negative facial expressions, and mean production of other facial expressions. Other 
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facial expressions were expressions that did not reach an emotion threshold based on 

the criteria set forth in the FACS manual (Ekman, Friesen, & Hager, 2002, p. 174). 

These facial expression measures are depicted both as total percentages of the entire 

biographical interview (for example: in a ten minute interview, when facial 

expressions were added up, the summation of facial expression was two minutes, 

therefore 2min./10min.=20%) and are standardized per minute since every child varied 

on how long their interview lasted. This per minute standardized measure provides 

frequency information for each group (for example: in a ten minute interview, a total 

of 50 facial expressions were observed, therefore 50 facial expressions/10min=5 facial 

expressions per minute). The total percentage of all facial expressions was statistically 

significant (see Figure 29). The WS and TD groups produced significantly more facial 

expression as a percentage of the entire biographical interview than the HFA group. 

Large amounts of variability were observed on this measure (see Figure 30 for a 

scatterplot of the data). The total percentage of positive facial expression during the 

entire biographical interview was statistically significant (see Figure 31). The HFA 

group on average produced only a third of the amount of positive facial expression 

than did the WS and TD groups. There was no difference between the WS and TD 

groups for the production of positive facial expression. For negative facial expression 

during the entire biographical interview, no significant group differences were found. 

For other facial expressions during the entire biographical interview, no significant 

group differences were found.  

For overall mean use of facial expressions per minute, a trend was found such 

that the HFA group produced fewer facial expressions per minute than either the WS 
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and TD groups. For use of positive facial expressions during the biographical 

interview, a significant difference was found. Post hoc testing revealed a significant 

difference in the production of positive facial expression in the HFA group, as they did 

not produce as much positive facial expression per minute compared to either the WS 

or TD groups. There was no difference between the WS and TD groups for the 

production of positive facial expression. For use of negative facial expressions a trend 

was found, in that the HFA group produced more negative facial expressions per 

minute compared to the WS and TD groups. For other facial expressions during the 

biographical interview, no significant differences were observed.  

 

 

 
Figure 29: Displays the total percentage of all facial expression (positive, negative, 
and other) for all three groups during the entire biographical interview. The WS and 
TD groups produced significantly more facial expressions than the HFA group. A 
score of 0.2 means the child was producing facial expressions for 20% of the 
biographical interview. Results are displayed with standard error bars. 
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Figure 30: Displays a scatterplot of the percentage of all facial expressions for all three 
groups during the biographical interview. Large amounts of variability are observed in 
all three groups. The HFA group tends to be less expressive in this particular channel. 
A score of 30 means the child was producing facial expressions for 30% of the 
biographical interview. 
 
 

 
Figure 31: Displays the total percentage of positive facial expression for all three 
groups during the entire biographical interview. The WS and TD groups produced 
significantly more positive facial expressions than the HFA group. Results are 
displayed with standard error bars. 
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Co-occurrences of Eye Contact and Facial Expressions during the Entire 

Biographical Interview: Next, co-occurrences of eye contact and facial expressions 

were analyzed during the biographical interview to assess the degree to which these 

two non-verbal channels are co-expressed during this social interaction. The 

expression of these co-occurrences can provide another measure of expressivity and 

help us understand how the child is coordinating these communicative behaviors (see 

Table 13). Whenever eye contact and facial expression overlapped in the data stream 

in ELAN, co-occurrences were annotated. The total percentage of co-occurrences 

between the groups was statistically significant. The HFA group had significantly 

lower amounts of co-occurrences of eye contact and facial expression than either the 

WS or TD groups (see Figure 32). Since this measure is dependent on both eye contact 

and facial expression occurring together, the lower amounts of co-occurrences in the 

HFA group is driven largely by their lower amounts of facial expressions produced 

during the biographical interview. When we examine the frequency of co-occurrences, 

a significant difference was observed between the HFA and TD group. The TD group 

is producing more co-occurrences of eye contact and facial expression than the HFA 

group. Next, the duration of these co-occurrences did differ, this time between the 

HFA and WS group. The duration of co-occurrences are longer on average in the WS 

group as compared to the HFA group.  

Next we examine co-occurrences focusing on specific affective facial 

expressions. The previous measures included all three facial expression types 

(positive, negative, and other facial expression). Now we examine particular affective 

facial expressions as they co-occur with eye contact during the biographical interview. 
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Looking at co-occurrences with positive facial expressions, differences were found as 

the HFA group produced a lower percentage than both the WS and TD groups (see 

Figure 33 for a scatterplot of the data). Co-occurrences for both negative facial 

expression and other facial expression were too infrequent in the dataset and further 

analyses were not conducted.  

 

 

Table 13: Co-occurrences of Non-verbal Communicative Behaviors Scores during the 
Biographical Interview  

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Percentage of Co-
occurrences (EC+FE) 

7.8%ab 
(7.7%) 

15.9%a 
(11.0%) 

13.6%b 
(7.3%) 4.91 0.010 

Average Frequency 
of Co-occurrences 

(EC+FE) 

33.39a 
(25.45) 

33.92 
(15.45) 

49.42a 
(26.27) 3.32 0.043 

Average Duration of 
Co-occurrences 

(EC+FE) 

1.06 s.a 
(0.50 s. 

1.88 s.a 
(0.78 s.) 

1.40 s. 
(0.69 s.) 6.78 0.002 

Percentage of Co-
occurrences with 

Smiles:  
(EC + Positive FE) 

3.5%ab 
(5.8%) 

13.0%a 
(10.4%) 

10.2%b 
(7.0%) 8.19 <0.001 

Average Frequency 
of Co-occurrences 

with Smiles:  
(EC + Positive FE) 

10.95ab 
(12.64) 

23.78a 
(11.83) 

31.11b 
(18.53) 10.79 <0.001 

Average Duration of 
Co-occurrences with 

Smiles:  
(EC + Positive FE) 

1.24 s.a 
(0.85 s.) 

2.12 s.a 
(0.91 s.) 

1.60 s. 
(0.78 s.) 4.80 0.011 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on 
Tukey-HSD. Time: m. is minutes, s. is seconds. 
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Figure 32: Displays the total percentage of co-occurrence (eye contact and facial 
expression together) for all three groups during the entire biographical interview. The 
WS and TD groups had significantly more of these co-occurrences than the HFA 
group. The lack of facial expression in the HFA group in particular is dragging down 
the percentage of co-occurrence. Results are displayed with standard error bars.  
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Figure 33: Displays a scatterplot of the percentage of co-occurrences of eye contact 
with positive facial expressions for all three groups during the biographical interview. 
The HFA group does not express as much smiles during the biographical interview as 
the two other groups, therefore resulting in their lower percentage of co-occurrences.   

 

 

 

Non-Verbal Social Behaviors Produced during Narratives with Affective Content 

 For our next set of results, eye contact, facial expressions, and the co-

occurrences of eye contact and facial expression will be analyzed during narratives 

with affective content. These measures provide a sense of how children integrate 

emotion and language, in addition to how children use non-verbal behaviors during 

affective speech. These measures also gauge whether children are more expressive in 

their use of non-verbal behaviors when telling narratives with affective content. 
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Affective Narrative Segments: Narrative segments with affective content were 

analyzed to see how children with WS integrate emotion into their stories. Narrative 

segments were broken down by affect: positive, negative, or neutral narratives. 

Neutral narratives are topic segment that coders rated as not having any affect 

associated with the topic. We first present results for positive narratives, then negative 

narratives, and lastly, we present results on neutral narratives. In each case, we 

examined how many of these segments children expressed. In addition, we present 

results on the expressivity of different channels of non-verbal behaviors in this order: 

1) eye contact, 2) facial expression, and 3) the co-occurrences of eye contact and facial 

expression. 

All three groups produced similar amounts of positive narrative segments 

during the biographical interview (see Table 14). Below are two examples of positive 

narrative segments.  

 

WS (A portion of a Positive Narrative Segment from a 13 year old 
Female) 
EXP: What do you do at the mall? 
CHI: I buy things. 
EXP: Yeah that sounds like a good plan. You like to, what kind of 
shopping do you like to do? 
CHI: Make up or like clothes...like H and M or like Mac or Sephora 
or or Bare Minerals. 
EXP: or Bare Minerals oh yeah yeah, cool I love H and M. 
CHI: I love H and M and then I go ta I like ya know what Express 
is? 
EXP: mmhm. 
CHI: I love that store. 
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HFA (A portion of a Positive Narrative Segment from a 12 year old 
Male) 
CHI: Last vacation I think I ever took was...Utah. 
EXP: Utah, what did you do in Utah? 
CHI: Um we went there for Christmas...and uh it was very cool. 
EXP: Yeah, what did you do? 
CHI: We skied. 

 

1) For eye contact during positive narrative segments, percentage of eye 

contact over the amount of time producing the positive narrative resulted in similar 

scores with no significant group differences. A little over a third of the positive 

narrative segments contained eye contact for all three groups. 2) Affective facial 

expressions were then calculated during positive narrative segments. First, positive 

affective facial expressions, smiles, were calculated in all groups. When telling a 

positive story, the HFA group spent less time smiling compared to the WS and TD 

groups. No difference was observed between the WS and TD groups for the 

percentage of smiles when telling positive narratives. For our frequency measure 

examining smiles per minute when telling a positive story, the HFA group produced 

fewer smiles per minute than either the WS and TD groups (see Figure 34). Next, for 

the production of negative facial expression mismatches to the positive narrative, no 

group differences were found between the three groups on both the percentage and per 

minute frequency measure. 3) For co-occurrences of eye contact and facial 

expressions during positive affective segments, no group differences were observed, 

as all three groups had similar amounts of co-occurrences when telling narratives that 

were positive.  
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Table 14: Positive Narrative Segments and Non-verbal Communicative Behaviors 
Scores during the Biographical Interview 

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Positive Narrative Segments during the Biographical Interview 
Positive 

Narrative 
Segments 

(PNS) 

2.60 
(1.26) 

2.50 
(1.45) 

2.61 
(1.62) 0.032 0.968 

Eye Contact 
during PNS 

37.5% 
(23.7%) 

34.8% 
(18.4%) 

38.7% 
(22.5%) 0.140 0.869 

Percentage of 
Smiles during 

PNS 

6.4% ab 
(8.2%) 

17.0% a 
(12.1%) 

16.9% b 
(12.9%) 6.33 0.003 

Positive Facial 
Expression 
During PNS 

1.1 per m.ab 
(1.3 per m.) 

3.3 per m.a 
(2.8 per m.) 

2.5 per m.b 
(1.8 per m.) 6.02 0.004 

Percentage of 
Negative Facial 

Expression 
during PNS 

2.76% 
(4.47%) 

1.07% 
(1.46%) 

1.79% 
(4.95%) 0.731 0.485 

Negative Facial 
Expression 
During PNS 

0.86 per m. 
(1.15 per m.) 

0.32 per m. 
(0.41 per m.) 

0.45 per m. 
(0.93 per m.) 1.81 0.171 

Co-occurrences 
during PNS 

8.0% 
(8.9%) 

12.4% 
(9.2%) 

11.7% 
(8.4%) 1.50 0.230 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD. For Time: m. is minutes, s. is seconds.  
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Figure 34: Displays the amount of smiles per minute for all three groups during 
positive segments of the biographical interview. The WS and TD groups produce 
significantly more smiles per minute than the HFA group. Results are displayed with 
standard error bars. 
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Now we switch over to neutral narrative segments, which are segments of 

narratives that coders rated as having no valence attached to them (see Table 15). For 

neutral narrative segments, no group differences were found for the three groups. 

Below are two examples of neutral narrative segments. 

 

WS (A portion of a Neutral Narrative Segment from a 9 year old 
Female) 
EXP: One cousin, okay and what's your cousin's name? Do you 
remember? 
CHI: What about Dasainya? Dasainya she's the first one. 
EXP: She's the first one, oh okay, and is she the same age as you or a 
little older a little bit younger? 
CHI: She's kinda big than me. 
EXP: She's bigger than you. 
CHI: But she's bigger and I'm smaller 

 

HFA  (A portion of a Neutral Narrative Segment from a 7 year old 
Male) 
EXP: What are you doing on spring break? 
CHI: I well, I know next week I'm gonna go on …a va on another 
vacation instead of the trip I, I came back on Tuesday an' I went on 
Monday. 
EXP: Ah. 
CHI: It'll be, I'll go on Wednesday next week and then I'll and then 
we'll go back on Friday. 
EXP: Ah where you going? 
CHI: One at Brittney's and one at a hotel. 
EXP: Oh where? 
CHI: Uh I'm not sure which hotel. 

 

1) For eye contact during neutral narrative segments, percentage of eye contact 

over the amount of time producing the neutral narrative resulted in similar scores with 

no significant group differences. The three groups were averaging around 25%-30% 

eye contact during these neutral narratives. 2) Affective facial expression was then 
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calculated during neutral narrative segments. First, positive affective facial 

expressions, smiles, were calculated within these neutral narrative segments for all 

groups. The percentage of smiles over the entire neutral narrative segments resulted in 

significant differences; the HFA spent less time smiling compared to the WS and TD 

groups when telling a neutral-toned story. On average, the HFA group is producing 

five to six times fewer smiles than the WS and TD groups. No difference was 

observed between the WS and TD groups for the percentage of smiles when telling 

neutral-toned narratives. For our frequency measure examining smiles per minute 

when telling a neutral-toned story, the HFA group produced fewer smiles per minute 

than either the WS and TD groups. There was no group difference between the WS 

and TD groups. Next, for the production of negative facial expression when telling a 

neutral-toned narrative, no group differences were found between the three groups on 

both the percentage and per minute frequency measure. For co-occurrences of eye 

contact and facial expressions during neutral-toned narrative segments, no group 

differences were observed. 
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Table 15: Neutral Narrative Segments and Non-verbal Communicative Behaviors 
Scores during the Biographical Interview 

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Neutral Narrative Segments during the Biographical Interview 
Neutral 

Narrative 
Segments 

(NNS) 

1.04 
(1.02) 

1.50 
(1.16) 

1.88 
(1.50) 2.667 0.077 

Eye Contact 
during NNS 

22.4% 
(20.9%) 

34.1% 
(23.9%) 

29.6% 
(24.3%) 1.239 0.296 

Percentage of 
Smiles during 

NNS 

2.09%ab 
(3.6%) 

11.8%a 
(12.9%) 

13.1%b 
(15.5%) 5.851 0.004 

Positive Facial 
Expression 

During NNS 

0.42 per m.ab 
(0.82 per m.) 

2.15 per m.a 
(2.02 per m.) 

2.06 per m.b 
(2.06 per m.) 6.996 0.001 

Percentage of 
Negative 

Facial 
Expression 
during NNS 

1.60% 
(4.07%) 

1.18% 
(1.66%) 

0.98% 
(2.02%) 0.279 0.756 

Negative 
Facial 

Expression 
During NNS 

(0.56 per m.) 
(1.54 per m.) 

(0.33 per m.) 
(0.41 per m.) 

0.34 per m. 
(0.69 per m.) 0.354 0.703 

Co-
occurrences 
during NNS 

4.3% 
(4.8%) 

9.8% 
(10.2%) 

8.4% 
(8.7%) 2.589 0.083 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD. For Time: m. is minutes, s. is seconds.  

 

 

Non-Verbal Social Behaviors Produced during Positive Segments versus Neutral 

Segments 

In the previous section above, we examined non-verbal behaviors when telling 

different affective-toned stories. In our next analyses, we investigate whether children 
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behave similarly in their expression of non-verbal behaviors when telling narratives 

that are positive compared to neutral narrative. Are children more expressive when 

telling a positive-toned story compared to a story that was coded as neutral in tone? In 

addition, the temporal dynamics of co-occurrences of eye contact and facial 

expression will be examined. Does eye contact or facial expression systematically 

precede the other behavior? 

 

Positive Narrative Segments vs. Neutral Narrative Segments: To assess 

whether there are differences in behaviors during these two types of narrative 

segments, within subject t-tests were conducted for all measures comparing positive 

narratives with neutral narratives. First, comparing the numbers of positive narrative 

segments and neutral narrative segments produced during the entire biographical 

interview, the HFA group produced more positive than neutral narrative segments, 

t(22)=4.04, p<0.001. No difference in the production of these two types of narratives 

was present for the WS group, t(13)=1.568, p=0.140 and TD group, t(25)=1.27, p= 

0.213. Although the WS and TD groups did not reach statistical significance, all three 

groups did produce more positive narratives than neutral narratives. For the percentage 

of eye contact during these two types of narratives, the HFA group produced more eye 

contact during positive narrative segments than neutral narrative segments, t(22)=2.78, 

p=0.0108 (see Figure 35). No significant difference were observed for the WS group, 

t(13)=0.092, p=0.927, and the TD group, t(25)=1.61, p=0.119. The percentage of 

smiles when telling a positive narrative compared to a neutral narrative was 

significantly different in the HFA group, t(22)=2.29, p=0.031, as the HFA group 
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produced more smiles when telling a positive story (see Figure 36). This measure was 

not significant in either the WS, t(13)=1.138, p=0.275, or TD groups, t(25)=1.103, 

p=0.280. Smiles per minute also followed the same pattern as the percentage measure 

above, with the HFA producing more smiles per minute when telling a positive story 

compared to a neutral story, t(22)=2.26, p=0.033. No differences were observed for 

either the WS group t(13)=1.617, p=0.129; or the TD group t(25)=1.018, p=0.318. The 

percentage of negative facial expressions did not differ in any of the three groups 

when telling a positive narrative or a neutral narrative, for the HFA group t(22)=0.162, 

p=0.119; WS group t(13)=0.175, p=0.863; and the TD group t(25)=0.820, p=0.419. 

For negative facial expressions per minute, no differences were observed for all three 

groups when telling positive or neural-toned stories. For the HFA group, t(22)=0.997 

p=0.329; WS group t(13)=0.046, p=0.963; and the TD group t(25)=0.629, p=0.534. 

Finally, for co-occurrences of eye contact and facial expression, no differences were 

found for all three groups; HFA group t(22)=1.762, p= 0.091; WS group, t(13)= 0.759, 

p=0.460, and TD group t(25)=1.590, p=0.124. Interestingly, the HFA group is more 

expressive when telling a positive story while relatively flat in their expressions when 

telling neutral-tone stories. As for the WS and TD groups, both groups express these 

non-verbal behaviors when telling both neutral and positive toned stories.  
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Figure 35: Displays the percentage of eye contact during positive and neutral narrative 
segments. A difference was observed within the HFA group. More eye contact is made 
when children with HFA tell positive stories than neutral stories. Within group 
differences were not observed in the WS and TD groups. Results are displayed with 
standard error bars. 
 

 
Figure 36: Displays the percentage of smiles during positive and neutral narrative 
segments. A difference was observed within the HFA group. Children with HFA smile 
more when telling a positive story than a negative story. This effect is mainly due to 
the low percentage of smile in the HFA group during neutral narratives. Results are 
displayed with standard error bars. 
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Temporal Dynamics of Non-Verbal Channels of Behaviors: Our next measure 

investigates the temporal dynamics of eye contact and facial expression as they occur 

together during the biographical interview. What is the temporal relation between the 

onsets of these non-verbal channels? Does eye contact or facial expression reliably 

precede the occurrence of the other behavior? A paired two-sample T-test was 

administered within each group to see if either eye contact or facial expression 

systematically occurred before the other behavior. For the HFA group, no significant 

differences were observed, t(22)=0.338, p=0.73. The HFA group averaged 33.3 

instances of co-occurrences during the biographical interview of which eye contact 

preceding facial expression occurring 17.1 times and facial expression preceding eye 

contact occurring 16.2 times. For the WS group, a trend was observed t(13)=2.07, 

p=0.058; on average there were 33.9 co-occurrences of facial expression and eye 

contact, with eye contact preceding facial expression occurring 19.5 time and facial 

expression preceding eye contact occurring 14.4 time. When we examine the TD 

group, a significant difference was observed as facial expressions tended to occur 

before making eye contact, t(25)=2.73, p=0.011; on average 49.4 co-occurrences were 

found with eye contact preceding facial expression occurring 21.1 times and facial 

expression preceding eye contact occurring 28.2 times. From these results, no 

consistent patterns were found within the three groups. As such, there is no consistent 

pattern observed in our three groups with regards to which of these two channels come 

before the other. The HFA group were split relatively even, while the WS group 

tended to make eye contact before facial expression, and the TD group had the 

opposite profile, facial expression before eye contact.  
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Non-Verbal Social Behaviors Produced during Speaking versus Listening 

Throughout this study, we have observed the production of non-verbal 

behaviors during the entire biographical interview, during narrative segments with 

affective content, and now we look at when children are playing different roles during 

the social interaction, when speaking compared to when they are listening.  

 

Communicative Behaviors during Different Roles in the Interaction: During 

the biographical interview, the child is producing speech or listening to speech from 

the experimenter. Eye contact, facial expression, and the co-occurrences of these 

behaviors were examined when the child plays each of these roles (see Table 16).  

As speaker: First, the time speaking for each child did not differ across groups, 

as each group averaged around 3 to 4 minutes of verbal output. Next, the percentage of 

eye contact was examined during speech and all groups behaved comparably (see 

Figure 37, Left). The HFA group spent 33.1% of the interview making eye contact 

with the experimenter. The WS group spent 35.5% of the interview with eye contact. 

The TD group spent 37% of the interview committing eye contact with the 

experimenter. For the production of facial expression during speech, a significant 

difference was observed between the HFA and WS group (see Figure 38, Left). The 

HFA group was not as expressive as the WS group. A trend was found for the HFA 

and TD comparison (p=0.072), once again, the HFA group was not producing as much 

facial expression as their peers. Finally, co-occurrences of both eye contact and facial 

expression during speech were not significant in these groups (see Figure 39, Left). 
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As listener: The duration of listening segments during the biographical 

interview was similar across groups, as each group averaged around two and a half-

minutes of listening time. Next, the percentage of eye contact was explored and 

differences were found between the HFA and WS groups and the HFA and TD groups 

(see Figure 37, Right). In both cases when listening to the experimenter, the children 

with HFA looked less frequently at the experimenter than the children with WS and 

TD groups. No difference was observed for the WS and TD comparison. For the 

production of facial expression when listening, group differences were found (see 

Figure 38, Right). Again, the HFA group did not use facial expression as frequently as 

the WS and TD groups. Co-occurrences of eye contact and facial expression during 

the listening phase did result in group differences, as the HFA group had a 

significantly lower percentage of co-occurrences than both the WS and TD groups 

(see Figure 39, Right). This lower percentage of co-occurrences in the HFA group is 

largely driven by their lack of facial expression, as compared to their peers during the 

biographical interview. 
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Table 16: Verbal and Non-verbal Communicative Behaviors during Different Roles 
the Biographical Interview 

 
Groups   

HFA 
(n=23) 

WS 
(n=14) 

TD 
(n=26) F(2,60) p 

Behaviors when the Child is Speaking 
Duration of 

Speech 
Production 
Segments 

3 m. 37 s. 
(2 m. 1 s.) 

3 m. 5 s. 
(1 m. 32 s.) 

4 m. 7 s. 
(2 m. 3 s.) 1.382 0.258 

Percentage of Eye 
Contact during 

Speech 
Production 

33.1% 
(21.6%) 

35.5% 
(17.6%) 

37.0% 
(20.5%) 0.223 0.800 

Percentage of 
Facial Expression 

during 
Speech 

Production 

17.8%a 
(10.3%) 

26.6%a 
(11.6%) 

24.9% 
(11.3%) 3.626 0.032 

Percentage of  
Co-occurrences 

during 
Speech 

Production 

7.6% 
(8.2%) 

13.0% 
(8.6%) 

9.7% 
(6.2%) 2.244 0.114 

Behaviors when the Child is Listening 
Duration of 
Listening 
Segments 

2 m. 47 s. 
(0 m. 50 s.) 

2 m. 37 s. 
(0 m. 35 s.) 

2 m. 22 s. 
(0 m. 37 s.) 2.089 0.132 

Percentage of Eye 
Contact to 

Experimenter  

43.0%ab 
(22.8%) 

62.8%a 
(22.3%) 

61.2%b 
(15.4%) 6.465 0.002 

Percentage of 
Facial Expression  

16.1%ab 
(10.1%) 

27.9%a 
(15.5%) 

31.1%b 
(13.9%) 8.485 <0.000 

Percentage of  
Co-occurrences  

8.6%ab 
(7.6%) 

20.1%a 
(14.6%) 

19.7%b 
(10.6%) 8.067 <0.000 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD. For Time: m. is minutes, s. is seconds.  
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Figure 37: Displays the percentage of eye contact during the Speaking Phase (left) and 
the Listening Phase (right) of the child for all three groups. All three groups had 
similar percentages of eye contact during the Speaking Phase but the HFA group had 
significantly lower percentage of eye contact than the WS and TD groups during the 
Listening Phase. Results are displayed with standard error bars. 
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Figure 38: Displays the percentage of facial expression during the Speaking Phase 
(left) and the Listening Phase (right) of the children for all three groups. For the 
Speaking Phase, the HFA group had a significantly lower percentage of facial 
expression than the WS group. For the Listening Phase, the HFA group had 
significantly lower percentage of facial expression than both the WS and TD groups. 
Results are displayed with standard error bars.  
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Figure 39: Displays the percentage of co-occurrences of eye contact and facial 
expression during the Speaking Phase (left) and the Listening Phase (right) of the child 
for all three groups. All three groups had similar percentages of co-occurrences during 
the Speaking Phase but the HFA group had significantly lower percentage of co-
occurrences than the WS and TD groups during the Listening Phase. Results are 
displayed with standard error bars. 
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to the speaking phase. This pattern was observed in all three groups, suggesting that 

during a naturalistic conversation, children at this age use eye contact differently, 

depending on the role they are playing in the social interaction. For the percentage of 

facial expression, no difference was observed in the HFA group, t(22)=1.185, 

p=0.248, and WS group t(13)=0.571, p=0.577. But a difference was observed in the 

TD group, as more facial expressions were produced during the listening phase than 

the speaking phase, t(25)=3.04, p=0.005. For the co-occurrences of eye contact and 

facial expressions, no difference was observed in the HFA group, t(22)=1.182, 

p=0.249. A significant difference was observed in the WS group as more co-

occurrences are observed for the listening phase compared to the speaking phase, 

t(13)=2.509, p=0.026. This significant pattern observed in the WS group was also 

observed for the TD group, t(25)=6.38, p<0.005.  
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DISSCUSSION 

Social behavior and affective communication affect all aspects of one’s life. 

Deficits in social communication skills can include a broad array of verbal and non-

verbal behaviors important for reciprocal social interaction (e.g. language use, 

prosody, facial expression, eye gaze, and body movement; Kelly, Garnett, Attwood, & 

Peterson, 2008). Individuals with HFA and individuals with WS often have significant 

impairments in social communication (see Chapter 2 for a review). The overall goal of 

this chapter is to investigate the social and affective aspects of communication in 

school-age children with HFA and school-age children with WS using a new 

approach. To better understand the social phenotype of our groups, our approach is to 

investigate multiple channels of communication, both verbal and non-verbal, to better 

apprehend how children convey information to an adult during a naturalistic social 

interaction. We investigated how language, affect, expressivity, and social behavior 

are expressed through different channels of communication including speech, eye gaze 

behaviors, facial expressions, and their co-occurrences and integration. Our approach 

also included examining these communicative behaviors in different contexts within 

the interview: for the entire biographical interview; during narrative segments with 

affective content; when the child is producing speech; and when the child is listening 

to speech. Taken together, these studies allow us to create communicative profiles for 

our clinical groups. 

 

Summary of the Findings 
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For school-age children with HFA when compared to their TD peers, they 

produced more morphological errors and less complex syntax, asked questions during 

the task, had flatter affect, and had fewer co-occurrences of non-verbal behaviors, and 

unlike controls, their non-verbal behaviors did not differ according to their speaker or 

listener role. One area where the HFA group was similar to the TD group was 

exhibited in eye gaze behaviors during the biographical interview. School-age children 

with WS when compared to their TD peers produced more morphological errors and 

less complex syntax, used a higher percentage of social evaluative devices, and asked 

personal questions towards the experimenter. Despite their lower IQ, WS were similar 

to the TD group in their production of positive facial expressions and their use of eye 

gaze and facial expression together. In addition, the WS group also distinguished 

speaker and listener roles by displaying increased non-verbal expressivity during the 

listening phase. This study in school-age children broadly confirms previous patterns 

of behaviors observed in younger children: there are still areas of language and social 

deficits at school-age children in both groups and this study highlights new and 

interesting findings in this naturalistic setting.   

 

Language Use in Children with HFA and WS 

 During the biographical interview, the WS group produced a higher proportion 

of morphological errors than either the HFA or TD groups. This result is in-line with 

our prediction and previous studies in children with WS (Reilly et al., 2004) where the 

structural aspects of language in this age group continue to pose problems during 

school age. In addition, the HFA group also produced a higher percentage of 
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morphological errors than the TD group, suggesting some morphological deficits are 

present in the autistic group as well. This result is similar to Tager-Flusberg and 

Joseph (2003) who observed a group of ASD children ages 4-14 with deficits 

resembling children with Specific Language Impairment (SLI). This ASD group had 

problems with third-person singular, past tenses, and the most common error being the 

omission of morphological markers on the verb (Tager-Flusberg & Joseph, 2003). At 

this age, both neurodevelopmental groups are producing a higher percentage of 

morphological errors and are more variable than the TD group (see Figure 21 for a 

scatterplot of the data). Next, syntactic complexity was examined and the TD group 

used a higher percentage of complex syntax than both the HFA and WS groups. Once 

again the TD group showed their superiority with the more rule-based aspects of 

language while the HFA and WS groups tended to use simpler language. 

Evaluation of social language was coded for the entire biographical interview 

to assess the degree to which individuals express social evaluations in their linguistic 

output. Losh and colleagues (2000) examined narratives from a wordless picture book 

(“Frog, where are you”; Meyer, 1969) and found stories from children with WS (ages 

between 5-10 years), included high levels of affect and sociability. When we examine 

the overall use of evaluations, including both cognitive and social evaluations, the 

HFA group used the fewest followed by the WS group, and the TD group using the 

highest percentage of total evaluative devices. However, if we look only at those 

social evaluative devices that serve social purposes, the WS group now has the highest 

percentage followed by the TD group, with the HFA group using the lowest amount of 

social evaluative devices. Even with intellectual impairments in the WS group, they do 
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excel in using social evaluations in their spoken language. Although we did find the 

WS group using more social evaluative devices than their peers, the difference was not 

as large as in other studies (Losh et al., 2000; Reilly et al., 2004), suggesting the 

importance of context. Interestingly, the task that highlighted the strength of the WS 

group usage of evaluations was a wordless picture book, “Frog, where are you” 

(Meyer, 1969). In this type of narrative, the use of evaluations can reflect the 

narrator’s attitude or perspective (Labov, 1967; 1997). The story of the frog and the 

adventure that follows may be more inviting for the use of evaluative devices while a 

biographical interview may be taken more seriously (less playfully) due to the 

structure of the task and the questions that were asked. On the other hand, the HFA 

group was lower than the WS and TD groups in both categories of evaluation. This 

result suggests that the HFA group may not express their own attitude and personal 

perspective when providing information and may rely more on facts when telling 

stories (Kasari, Chamerlain, & Bauminger, 2001). Capps and colleagues (2000) found 

children with ASD having a more restricted range of the use of evaluative devices 

compared to a TD group when narrating another wordless book, Frog on His Own, 

(Meyer, 1973). With regards to characterizing the social phenotype of our groups, the 

social use of language shown in the biographical interview is broadly consistent with 

the more social profile of the WS group, with a contrastive and less social profile for 

the HFA group.  

When examining the content of the transcripts, an interesting phenomenon 

within the WS and HFA groups emerged. The children asked many more questions of 

the experimenter than the TD group. This particular behavior was not expected since 
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the nature of an interview is for the experimenter to ask questions and the child to 

answer them. A majority of the WS children and about half of the HFA children asked 

a question, while this behavior was rare in the TD group as only two younger children 

asked a question. A closer analysis of the transcript revealed that not all questions 

asked had the same intentions. When the child initiated a question, the question was 

either coded as personal to the experimenter or on the topic of discussion. For the 

HFA group, the majority of the questions were on the topic of discussion. For the WS 

group, about half of the questions were personal and half were on the topic of 

discussion. The fact that numerous questions are of a personal nature observed in the 

WS group fits with past studies finding that individuals with WS are attracted to 

strangers and is not afraid to come up to new people and verbally engage with them 

(Frigerio et al., 2006; Jarvinen et al., 2008). On the other hand, the majority of 

questions asked by the HFA group seem to move the conversation to a place dictated 

by the child. For example, on multiple occasions, a child with HFA would ask the 

experimenter a question to lead the conversation to that topic. Here is an example of 

an 11-year-old Male with HFA:  

 

CHI: and you know what? 
EXP: What? 
CHI: I did two MRIs and I no, I did two um two tests this week. 
EXP: mmhm. 
CHI: So I'm going to go Barnes & Noble and buy something. I'm 
gonna explore in the kids' section. 
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In the example above, the HFA child asked the experimenter a question and then leads 

the conversation to a topic about buying books at the bookstore. The experimenter had 

just finished asking a question and was about to proceed to the next question when the 

HFA child jumped in and moved the conversation to buying books. As for the TD 

group, only two individuals asked a question to the experimenter and they also 

happened to be 7 years old. This particular behavior may be due to an observed 

developmental pattern, where younger TD children below 5 years of age may ask 

more questions. One potential reason for this behavior may be that children have not 

learned the rules or social conventions of an interview, especially with an adult. 

Typically interviewers ask the questions while the child answers them; it is not the 

role of the interviewee to ask questions to the experimenter. This behavior shown by 

the HFA and WS groups are atypical compared to their TD peers in the frequency of 

questions asked, and that the content of their questions broadly falls inline with their 

social phenotype. 

 

Eye Gaze Behaviors during the Entire Biographical Interview: 

To examine eye gaze behaviors, we coded eye contact to investigate whether 

group specific patterns exist. We found a qualitatively different pattern of eye gaze 

behaviors: the HFA and TD groups made frequent but shorter gazes to the 

experimenter, while the WS group made infrequent eye contact but of longer duration 

resulting in overall more eye contact with the experimenter. A closer examination of 

the WS group found half of the WS children producing close to six seconds per eye 

gaze, while the other half are more in line with the HFA and TD groups, producing 
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around two seconds per eye gaze. Age, IQ, and gender did not explain the within WS 

differences on eye contact duration. This pattern of longer duration of eye gaze 

behaviors in the WS group is reminiscent of infant gaze behavior (Mervis et al., 2003). 

Mervis and colleagues (2003) examining infants with WS described their eye gaze 

patterns as intense when gazing towards another person. On the other hand, the eye 

gaze pattern in the HFA group is a little more perplexing. One potential explanation as 

to why our HFA group resembles the TD group may be due to the group itself. The 

HFA group is a higher functioning group than the overall ASD group. Many of the 

studies reporting on eye gaze behaviors do not distinguish subgroups within their ASD 

studies. Therefore, it is possible that our HFA group is able to function in a more 

socially appropriate manner with regards to eye gaze behavior.  

  

Facial Expression Behaviors during the Entire Biographical Interview: 

Facial expression can signal one’s affective state as well as discourse 

information, e.g., puzzlement. Group differences were observed as the WS and TD 

groups produced significantly more facial expression during the interview than the 

HFA group, with no difference between the WS and TD groups. When we break down 

facial expressions by their valence, a clearer picture emerged as positive facial 

expressions are driving both the WS and TD facial expression totals. The HFA group 

produced only a third of the smiles that we observe on the WS and TD faces. The lack 

of positive facial affect and lack of eye contact is consistent with past studies 

examining the production of smiles in teenagers with ASD. In a study observing how 

individuals with ASD and an intellectually disabled group interacted with a stranger, 
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results showed that only half the ASD group spontaneously greeted the stranger and 

even less children made eye contact and smiled. In contrast, the entire intellectually 

disabled group greeted the stranger, made eye contact, and the majority of the children 

smiled (Hobson & Lee, 1998). With our results in the biographical interview, we can 

now add the low production of positive facial affect in social interaction towards the 

broad HFA social phenotype. In contrast, the WS group produced relatively equivalent 

amounts of smiles as the TD group. Although smiles require the lower face 

predominantly (AU12), the use of the upper face did not seem to be an issue for the 

children with WS in this study. Eleven of the 14 WS children had at least one upper 

face movement (either AU 1, 2, or 4) during the biographical interview.  

 

Speaker vs. Listener in HFA and WS 

During the interview, children are playing different roles when they are 

speaking and when they are listening, and the non-verbal behaviors of the TD group 

reflects this difference by increased eye contact and smiling when they are listening. 

Their behavior demonstrates that they are attending to the speaker.  Do HFA and WS 

children follow this pattern? Results showed that children with WS follow the TD 

pattern while the behavior of the HFA group does not change across roles. Our results 

suggest that children with HFA have yet to fully acquire the social-cultural rules for 

conversations, while children with WS and TD children do demonstrate behavioral 

differences at this age. Or, it may be that the WS attentiveness to faces makes them 

look like they are following the social rules. The eye gaze patterns in the HFA group 

are unique. The way eye gaze is used by the HFA group is different depending on the 
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role they are playing during the interview. Perhaps the deficit in eye contact in 

children with HFA pertains to the listening phase, where they are not making eye 

contact when the experimenter is speaking. Perhaps some of the social and pragmatic 

deficits that are characteristic of this disorder are due to not picking up social cues 

from their speaking partner (i.e., missing out on facial expression).      

 

Variability Within our Groups of School-age Children 

 Throughout this chapter, large amounts of variability have been observed for 

many of our measures. This variability is not too surprising considering the large age 

range in each of our groups of children, ranging from 7 to 14 years, from elementary 

all the way to high school. Scatterplots (figures: 21, 24, 28, 30, and 33) highlight the 

variability within our data for all of our groups during this chapter. However, the 

variability in the TD group, regardless of age, suggests that individual temperaments 

may also play a role in overall expressivity. 
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CONCLUSION 

The results from this study provided information on how individuals in each 

group used verbal as well as non-verbal social communicative channels during this 

dyadic, semi-structured, naturalistic, biographical interview. Patterns of behaviors 

were captured through language production as well as micro-analytic coding of non-

verbal channels of communication. For school-age children with HFA and WS, the 

structural aspects of language (i.e., morphology and syntax) continue to pose 

problems. When we examine how language is used for social purposes, the majority of 

the evaluations used by children with WS fell within the social category, while the 

HFA and TD groups were divided in their use of social and cognitive evaluative 

devices. In addition, an interesting phenomenon within the WS and HFA groups 

emerged as children in both groups asked many more questions to the experimenter 

than the TD group. This particular behavior was not expected since the cultural 

convention of an interview is not for a child to ask questions, but to answer them. For 

eye gaze, a qualitative difference in usage was found between the HFA and WS group. 

The HFA made frequent but shorter gazes while the WS group made infrequent eye 

contact, but of longer duration resulting in more overall contact throughout for the WS 

group. Interestingly, the HFA group was similar to the TD group is their eye gaze 

behaviors during the biographical interview. For facial expression, the WS and TD 

groups produced significantly more facial expressions than the HFA group, especially 

smiles. Differences were also apparent when comparing the Speaker/Listener role.  

Children with WS follow the TD pattern (more gaze and facial expression while 

listening than speaking) while the behavior of the HFA group does not change across 
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roles. Thus it appears that the WS group may be more sensitive to the social rules of 

conversation than the children with HFA, or that their increased sociability makes it 

appear so. Despite the much lower IQ in the WS group compared to the HFA group, 

both groups show similar language deficits, while children with WS are using non-

verbal behaviors more like the TD group in this dyadic social interaction. This study in 

school-age children broadly confirms previous patterns of behaviors observed in 

younger children: there are still areas of language and social deficits at school-age in 

both groups and this study highlights new and interesting findings in this naturalistic 

setting.   
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Chapter 5: Social and Affective Communication in Children with Perinatal Stroke 
 

INTRODUCTION 

Children with Perinatal Stroke (PS) provide a unique opportunity to understand 

developing brain-behavior relations. An injury occurring early in life can potentially 

inform what areas in the brain contribute to behavior, as well as provide information 

on the flexibility of brain development. The information gained by studying such a 

population can also inform how typical development of skills and abilities emerge 

throughout childhood. In this chapter, we investigate school-age children with PS to 

observe how early brain damage might affect social communicative functions. 

Specifically, we are interested in whether the side of injury continues to play a role in 

social and affective communication. Will differences in social and affective 

communication persist in school-age children with right hemisphere injury (RHI) 

when compared to their typically developing (TD) peers in a dyadic social interaction? 

If there are differences in social and communicative behaviors, how are they different 

from their TD school-age peers?  

 

Differing Degrees of Neuroplasticity: Language vs. Visual Spatial Cognition 

As detailed in Chapter 2, previous research has noted distinctive differences in 

behavioral outcomes between children with PS and adults with acquired stroke: 

children fare better than adults, presumably due to the plasticity of the developing 

brain for adaptive reorganization. Evidence of brain plasticity has been shown in early 

non-human animal studies after a disturbance of neural material (Hebb, 1947; Hubel & 



	  

	  

262 

Wiesel, 1967; Kennard 1936; Rosenzweig & Bennett, 1972). In humans, plasticity has 

been observed with respect to language functions. Studies have found distinctively 

different outcomes for children and adults with analogous lesions. In the adult 

language profile, the hemisphere side, site, and the size of the lesion is associated with 

particular types of deficit. Studies from a broad range of languages have shown that 

adults with LHI are often aphasic (Broca, 1861; Goodglass, 1993; Goodglass & 

Hunter, 1970; Wernicke, 1874), whereas those with RHI tend to be garrulous, and 

show deficits in discourse cohesion and in processing non-literal language (Abusamra, 

Cote, Joanette, & Ferreres, 2009; Joanette & Goulet, 1990, 1994; Joanette, Goulet, 

Ska, & Nespoulous, 1986; Lundgren, Brownell, & Keith, 2006). Imaging studies of 

healthy adults and neurological patients broadly confirm that for adults, a network 

subsuming left perisylvian regions is implicated in processing core aspects of language 

(Bookheimer, 2002; Brauer, Anwander, & Friederici, 2011; Price, 2010; Tyler & 

Marslen-Wilson, 2008; Tyler, Stamatakis, Post, Randall, & Marslen-Wilson, 2005). 

The pattern of deficits found in children with PS for language does not mirror 

impairments observed in adults with similar lesions (Basser, 1962; Lenneberg, 1967). 

More recently, looking across different cognitive domains in children with PS has 

yielded inconsistent outcomes with regards to development, suggesting differing 

degrees of neuroplasticity in the brain (see Stiles, Reilly, Levine, Trauner & Nass, 

2012). For example, studies of language have shown initial delays in the onset of 

language regardless of side of injury (Bates et al., 2001; Thal et al., 1991). However, 

by middle childhood, spontaneous language measures are in the low-normal range 

compared to their TD peers (Bates et al., 2001, Reilly, Bates, & Marchman, 1998; 
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Reilly, Losh, Bellugi, & Wulfeck, 2004). As such, the language profiles of children 

with early stroke do not mirror that of adults with homologous lesions.  

A different pattern of deficits and outcomes is observed with the development 

of visual spatial cognition following unilateral injury in children with PS. Specifically, 

children with a RHI (Right Hemisphere Injury) have difficulty with global processing, 

while LHI (Left Hemisphere Injury) results in difficulty with local processing (Stiles, 

Reilly, Paul, & Moses, 2005), similar to the adult profile. In the case of visual spatial 

processing, the side of injury is a significant factor in the type of visual impairment 

observed. These visual spatial deficits mirror the adult stroke profile, although the 

impairments observed in these children are milder. Even so, children with PS still 

exhibit deficits throughout adolescence (Akshoomoff, Feroleto, Doyle, & Stiles, 2002; 

Stiles, Stern, Trauner, & Nass, 1996; Stiles et al., 2005). In the two domains discussed 

above, language and visual spatial cognition, an early insult to the brain results in 

differential outcomes. The ability of the brain to develop after an early injury does not 

seem to be uniform, which now brings us to another domain of interest, the affective 

domain. How will this particular domain develop after an early insult? Would we 

observe greater degrees of neuroplasticity, similar to the language domain, where 

social and affective expression is shown in the normal range? Or will there be a limit 

on how much one can develop after an early insult similar to the visual spatial domain, 

where lingering deficits continue to be present even in older school-age children with 

PS?   

 

The Social Affective Domain in Infants and Adults with Unilateral Lesions 
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The expression of affect is a domain that has not been extensively studied in 

the PS population. There are many studies investigating the perception of affect in 

both the TD population and in brain-injured adults (see Chapter 2 for a list of studies). 

However, few studies have investigated the spontaneous production of emotions in 

individuals with brain damage. The few studies in the adult stroke literature have 

found individuals with RHI using less affective expression during social interactions 

when compared to both LHI and TD groups (Borod, Koff, Lorch, & Nicholas, 1985; 

Borod et al., 1998). In addition, adults with RHI received ratings of less intense facial 

expressions when telling a monologue when compared to either LHI or TD groups 

(Kazandjian, Borod, & Brickman, 2007). In another study using an interview format, 

adults with RHI showed reduced facial expressivity and smiled significantly less often 

than LHI and TD groups (Blonder, Burns, Bowers, Moore, & Heilman, 1993; Blonder 

et al., 2005). Even fewer studies have examined the production of affect in children 

with early brain injury. A study examining spontaneous facial expression in infants 

with PS found LHI infants clustered with the TD peers; both groups often smiled 

during a mother-child free play situation. In contrast, the infants with RHI showed 

decreased expression of positive affect while negative emotions were enhanced 

(Reilly, Stiles, Larsen, & Trauner, 1995). Similar to the visual spatial results above, 

these results within the affective domain mirror the adult stroke profile.  

A recent study by Lai and Reilly (2015) examined two communicative systems 

during a biographical interview, language and emotion expression to gauge the extent 

and limitations of neural plasticity in 5- and 6- year- old children with PS.  The results 

showed that the core aspects of language for the children with PS group were 
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comparable to their TD peers. However, hemispheric differences were found for 

emotional expression as the RHI group displayed a flatter profile both in the use and 

production of affective language, and in the overall production of facial expressions 

when compared to the LHI and TD groups. Because of the differences observed, the 

authors suggest that there is graded plasticity in the developing brain for these two 

communicative systems, language and emotional expression (Lai & Reilly, 2015).  

The infant and kindergarten-age findings raise questions regarding the 

potential for brain reorganization and the nature of the observed deficit. As children 

with PS develop, will impairments in affective expression continue? Specifically, 

would the deficits in children with RHI diminish as they grow older? This study 

examines school-age children (ages 7-14) in both LHI and RHI groups as compared to 

TD children to investigate the extent and nature of neuroplasticity for affective 

expression.  

 

The Current Study: Investigating the Communication Profile of Children with 

Perinatal Stroke 

The PS group is unique as the early brain insult acquired by the child at the 

beginning of life and can help provide clues towards understanding the neural bases of 

social and affective behaviors. The side of lesion creates a left hemisphere injured 

(LHI) group and a right hemisphere injured (RHI) group. These two groups will be 

compared to their TD peers as children converse with an adult during a biographical 

interview. The goal of this chapter is to understand neuroplasticity for affective 

expression by analyzing the sociability and expressivity of children with LHI, RHI, 
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and TD in a naturalistic setting. A one-on-one, semi-structured, biographical interview 

is conducted to observe how language and different channels of both verbal and 

nonverbal social expressive behaviors are integrated. The results of this experiment 

can help contribute to a better understanding of the social and affective phenotypes of 

our groups and can help answer pertinent questions relating to brain behavior relations 

and neuroplasticity. Are hemisphere-specific deficits still present with regards to 

affective expression in the PS group? Or have these deficits been mitigated to a point 

where the profile of emotion expression now resembles that of their TD peers? In 

addition, if deficits do persist in affective expression in school-age children with PS, 

will the outcome continue to mirror the adult stroke profile? To answer these 

questions, we investigate communicative systems focusing on the use and integration 

of language and various social and affective behaviors such as the production of eye 

gaze behaviors, facial expressions, and the integration and co-occurrences of these 

channels in children with PS. 

The biographical interview allows us to assess proficiency in structural 

language, specifically, the rate of morphsyntactic errors and use of complex syntax 

during a dyadic social interaction. A previous study in young children with PS (ages 5-

8) examining spontaneous speech found comparable performance to TD on the 

frequency of morphological errors and use of complex syntax (Bates et al., 2001). In 

another study examining narratives, however, adolescents and older children with LHI 

made more morphological errors, used less complex syntax and fewer syntactic types, 

than the TD group (Reilly, Wasserman, & Appelbaum, 2013). We will also examine 

how children convey language, specifically how the social aspects of language (i.e., 
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intensifiers, emotional states and verbs) are recruited and used during this interaction. 

Along with these language measures, this study investigates how children 

communicate and express their thoughts and feelings through nonverbal channels such 

as eye gaze and the production of facial expression, as well as their co-occurrences. As 

mentioned earlier, few studies have examined the production of emotional facial 

expression in children with PS. Our study of the younger children (ages 5-6) found 

that the RHI group produced significantly fewer facial expressions than either the TD 

or LHI groups, mirroring both the infant and adult stroke profiles. Will we see this 

same profile as the children grow older? These social and expressive measures give an 

indication of how expressive these school-age children are when interacting in this 

context, and provide information on their attention and affective state when 

conversing with an adult. In addition, these communicative behaviors are examined by 

looking at different phases or contexts within the interview, e.g., the entire 

biographical interview, during narrative segments with affective content, when the 

child is producing speech, and when the child is listening to speech. Taken together, 

results from this study can provide clues with regards to the underlying neural 

substrates that contribute to both the linguistic and affective systems and their 

development. Insights from this study add knowledge to our understanding of social 

behavior and affective development of these children and the role of context in its 

expression.  
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METHODS 

Participants Biographical Interview  

Forty-six children participated in the biographical interview for this study. The 

Perinatal Stroke (PS) group was split into two groups based on their side of 

hemispheric injury, resulting in a left hemisphere injured (LHI) group and right 

hemisphere injured (RHI) group. The TD group is the same population used from 

Chapter 3 and Chapter 4. The Wechsler Abbreviated Scale of Intelligence (WASI; 

Wechsler, 1999) was used to collect all intelligence quotient (IQ) measures. The 

gender, age, IQ scores, and total number of children in each group are listed in Table 

17. 

To be included in the PS group, children must have met these following 

inclusionary criteria: single, unilateral brain lesions that were the result of a perinatal 

stroke documented by Computed Tomography (CT) or Magnetic Resonance Imaging 

(MRI) scan. These individuals do not have a history of a condition that might have 

caused more global brain damage (e.g. bacterial meningitis, encephalitis, or severe 

closed head trauma). In addition, there must be no evidence of an evolving lesion such 

as a brain tumor or arteriovenous malformation. All data collected is part of the larger 

Project for Cognitive and Neural Development (PCND) study on social and affective 

components of communication and neurodevelopmental studies of language and 

literacy in San Diego, California (NIH-NINDS P50 NS22343). 

 

 

 



	  

	  

269 

Table 17: The number of children, gender, age, and IQ scores for the Biographical 
Interview  

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Gender 3M, 6F 8M, 3F 12M, 14F   

Age 10.22 
(2.93) 

9.45 
(2.30) 

9.04  
(2.22) 0.92 0.406 

IQ score from the WASI 

FSIQ 85.56a 

(14.85) 
92.73b 
(17.54) 

112.58ab 
(10.56) 17.67 < 0.001 

VIQ 89.11a 
(15.90) 

97.82b 

(16.11) 
116.38ab 

(11.24) 16.84 < 0.001 

PIQ 84.22a 
(12.63) 

88.82b 
(17.11) 

105.88ab 
(11.65) 12.00 < 0.001 

Note. Standard deviations appear in parentheses below means. 
Means with subscripts within rows are significantly different at the 
p < .05 based on Tukey-HSD post hoc paired comparisons. 

 

 

 
Materials and Procedure for Study 1: Biographical Interview Experiment 

Materials and procedures for this study are the same as in Chapter 3.  
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RESULTS 

Group Characteristics 

 Age and IQ: Measures of age and IQ scores for all three groups can be seen in 

Table 17. Age was not significantly different between the three groups. For the three 

measures of IQ, significant differences were found as the TD group outscored both PS 

groups. It should be noted that none of the IQ measures for both the LHI and RHI 

were below 70, the cutoff point for being intellectually disabled. For FSIQ, the TD 

group outscored both PS groups, while the LHI and RHI did not differ from each 

other. The same group pattern was found for verbal IQ and performance IQ. 

 

Language Output and Language Quality 

Length of Interview: Since the biographical interview is not a timed task, 

length of time to complete the interview and number of propositions produced by the 

child were tallied and later used to control for length. The length of the biographical 

interview was not significantly different between the LHI, RHI, and TD groups. All 

three groups completed the interview just shy of eight minutes on average. To 

standardize language measures due to varying amounts of verbal output, propositions 

were used as a denominator (see Figure 40). A statistically significant difference was 

observed for the production of propositions, as the LHI group produced fewer 

propositions than the TD group (Tukey-HSD p=0.063, Fisher’s LSD p=0.025). The 

RHI group was not significantly different from either the LHI or TD groups (see Table 

18). 
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Table 18: Language Output and Structural Language Scores during the Biographical 
Interview  

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Length of 
Interview 

7 m. 51 s. 
(2 m. 45 s.) 

7 m. 55 s. 
(1 m. 48 s.) 

7 m. 59 s. 
(1 m. 56 s.) 0.01 0.98 

Numbers of 
Propositions 

55.1a 
(40.7) 

64.2 
(28.8) 

91.3a 
(44.0) 3.50 0.03 

Percentage of 
Morphological 

Errors 

14.7%a 
(15.6%) 

11.9% 
(8.8%) 

5.6%a 
(4.6%) 

4.42 
(see figure 

41) 

0.017 
(see figure 

41) 

Percentage of 
Complex 
Syntax 

57.5% 
(24.1%) 

53.8% 
(14.3%) 

57.6% 
(16.4%) 0.18 0.83 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different at the p < .05 based on Tukey-
HSD post hoc paired comparisons. For Time: m. is minutes, s. is seconds.  

 
 
 

 
Figure 40: Displays the average number of propositions for all three groups during the 
biographical interview. The TD group produced more propositions than the LHI 
group. No differences were observed for the RHI group. Results are displayed with 
standard error bars.  
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Language Production: Language structure was measured during the 

biographical interview by assessing morphosyntactic proficiency and syntactic 

complexity. Morphological proficiency was investigated through the percentage of 

errors produced during the interview (see Figure 41). Large amounts of variability 

were observed for both PS groups, especially the LHI children. The standard deviation 

in the LHI group was three times larger than the TD group. A closer examination of 

the percentages of morphological errors revealed that 1/3 of the scores within the LHI 

group (22%, 30%, and 46%) were outside the range of the TD group scores (all 26 

TDs were between 0% to 14%) while 2/3 of the scores in the LHI group were within 

the range of the TD group. Likewise 2 of the 11 RHI scores were outside the range of 

the TD group (29% and 31%). These 3 individuals with LHI drove the percentage up 

between the LHI group and the TD group. The 6 other LHI were all within the TD 

range with their scores of morphosyntactic errors. Figure 41 highlights the distribution 

of morphosyntactic errors within all three groups. Noticeably, the TD group resulted 

in a strict and narrow range of scores, while variability is observed in the LHI group 

due to the trio of individuals and two individuals in the RHI group. An analysis of 

lesion profile on these three LHI and two RHI did not reveal any consistent pattern, as 

lesion size did not seem to play a role in the deficits observed. Next, syntactic 

complexity was examined and no significant differences were observed between the 

three groups. All three groups were producing between 53% to 57%, in other words, a 

little more than one aspect of complex syntax for every two proposition produced 

during the interview.  
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Figure 41: Displays the range of morphological errors for each group. The standard 
deviation in the LHI group was three times larger than the TD group. Three 
individuals in the LHI group are driving the variance, while the 6 other LHI 
individuals are within the range of the TD group. Likewise, 2 individuals are driving 
up the error rates for the RHI group.  

 

 

 

Social Language Use 

Use of Evaluative Devices: Social use of language was investigated in more 

detail using the Reilly Evaluative Coding System (Reilly et al., 1998; 2004). Recall 

that these devices include: emotional states and verbs, emphatics, intensifiers and 

attention getters, character speech, mental verbs, causal markers that reflect motivation 

of a character, direct quotes, audience hookers, and sound effects. For the production 

of Total Evaluative Devices, no differences were observed (see Table 19). All three 

groups were averaging around one evaluative device in their speech for every four 

propositions produced. For the production of Social Evaluative Devices, no 
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differences were found between the three groups. In all three groups, about half of the 

evaluations used were of the social variety.  

Another social and expressive behavior observed during the biographical 

interview was the child asking questions directed towards the experimenter. This is a 

type of expressive behavior initiated by the child to involve the experimenter into the 

conversation. This behavior is unusual, since the cultural convention of an interview is 

for the experimenter to ask questions and for the child to respond to those questions. 

Even before the interview started, the instructions given to the child states: “Before we 

get started with our games, I’d like to get to know you better. I’m going to ask you 

some questions about yourself and things you like to do, okay?". Therefore, given this 

information, children are not expected to interrupt the task to ask the experimenter any 

questions (see Figure 42). The child turns the table on the interviewer, which was 

observed in two children with LHI (3 total questions asked), six children in the RHI (7 

total questions asked), and two in the TD group (2 total questions asked). For the LHI 

group, a content analysis resulted in two questions being on the topic of discussion 

and one personal question directed at the experimenter. As for the RHI group, four 

questions were on the topic of discussion, and three personal questions were directed 

at the experimenter. For the TD group, one question was on the topic of discussion and 

the other was a personal question directed at the experimenter.  
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Figure 42: Displays the number of children asking questions towards the experimenter 
for each group. About half the RHI children asked questions, while this behavior was 
a rarity in the LHI and RHI groups.  

 

 

Below are a few examples of the questions asked during the interview. 

 

Here is 7 year-old LHI Female, talking on the topic of her pet cat as it 
brings back birds: 
CHI: He keeps on, on, bringing like, there’s like, our back is like a 
zoo, ‘cause he keeps on bringing us presents. You know what that is? 
EXP: What kinda presents? 
CHI: Birds. 
 

In this example of an 8-year-old RHI Male, asking the experimenter a 
personal question about her own children. 
EXP: Yeah, I haven’t tried the Lego Batman. 
CHI: And we do, do you have a boy? 
EXP: Yes. I do have a boy although he’s a little baby so he doesn’t 
play many video games. He likes to play with the controller. 
CHI: Control 

 

This next example is of a 7-year-old RHI Female, talking on the topic 
of rides at an amusement park.  
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EXP: It’s hard to tell when they’re taking the picture so usually your 
like… 
CHI: And guess what? 
EXP: What? 
CHI: I went on two times! 
EXP: You went on two times? 
CHI: With my Mom and Dad! 

 

In the children that did exhibit this behavior, we examined if their age might 

play a role. Both the LHI children were younger than their group mean age (10.22 

years). For the RHI group, 4 of the 6 children were younger than their group mean age 

(9.45 years). Both the TD children were younger than their group mean age. In all, this 

behavior does seem to be observed more frequently in younger children, as 8 of the 10 

children in this study were younger than their groups mean age (9.04 years).  

 

 

Table 19: Social Language Use during the Biographical Interview 

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Total  
Evaluations 

26.6% 
(16.8%) 

23.0% 
(9.3%) 

28.3% 
(9.8%) 0.85 0.43 

Social 
Evaluations  

13.2% 
(10.1%) 

11.0% 
(5.7%) 

15.5% 
(6.9%) 1.46 0.24 

Asking Questions 
During Interview 2 Children 6 Children 2 Children   

Note. Standard deviations appear in parentheses below means.  
 

 

Non-Verbal Social Behaviors Produced during the Entire Interview 

 In these next set of results, eye contact, facial expressions, and their co-

occurrences of will be displayed. These non-verbal communicative behaviors provide 
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a sense of how children express important non-verbal information towards the 

experimenter. These measures gauge attention and affect, and along with the verbal 

profile, will help us construct the social and affective communicative profile of all the 

groups of children in our study. 

 

Eye Contact for the Entire Biographical Interview: For eye contact, three 

separate measures were collected. They included: the average group frequency of eye 

contact, the average duration of eye contact, and the percentage of total eye contact 

over the entire biographical interview (see Table 20). For the frequency of eye contact 

during the biographical interview, no significant differences were found. All three 

groups had similar frequency of eye contact during the biographical interview. 

Average duration of eye contact was not significantly different. The LHI, RHI, and the 

TD group had similar average duration of eye contact during this dyadic social 

interaction. Finally, the percentage of eye contact that was produced over the entire 

duration of the biographical interview was not significantly different between the three 

groups. There were large amounts of variance within all three groups (see Figure 43).  
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Table 20: Non-verbal Communicative Behaviors Scores during the Entire 
Biographical Interview 

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Eye Contact During the Entire Biographical Interview 
Frequency of 
Eye Contact  

82.0 
(47.3) 

77.4 
(30.4) 

96.0 
(34.6) 1.19 0.31 

Average 
Duration of 
Eye Contact  

2.36 s. 
(1.16 s.) 

2.32 s. 
(1.17 s.) 

2.51 s. 
(2.04 s.) 0.05 0.94 

Percentage of 
Eye Contact  

39.3% 
(21.2%) 

37.3% 
(18.9%) 

44.4% 
(17.5%) 0.66 0.52 

Facial Expressions During the Entire Biographical Interview 
All Facial 

Expressions  
4.86 per m. 

(1.73 per m.) 
4.65 per m. 

(1.89 per m.) 
5.89 per m. 

(2.41 per m.) 
F(2,42) 

1.53 0.22 

Positive Facial 
Expression  

2.42 per m. 
(1.12 per m.) 

2.26 per m. 
(1.38 per m.) 

3.00 per m. 
(1.60 per m.) 

F(2,42) 
1.14 0.32 

Negative 
Facial 

Expression  

0.18 per m.a 
(0.23 per m.) 

0.72 per m.ab 
(0.68 per m.) 

0.35 per m.b 
(0.44 per m.) 

F(2,42) 
3.33 0.04 

Other Facial 
Expression  

2.25 per m. 
(1.69 per m.) 

1.65 per m. 
(1.15 per m.) 

2.53 per m. 
(1.69 per m.) 

F(2,42) 
1.18 0.31 

Percentage of 
All Facial 
Expression  

21.5% 
(10.5%) 

23.0% 
(11.3%) 

28.8% 
(11.3%) 

F(2,42) 
1.77 0.18 

Percentage of 
Positive Facial 

Expression  

14.5% 
(11.9%) 

15.9% 
(12.5%) 

19.8% 
(11.8%) 

F(2,42) 
0.78 0.46 

Percentage of 
Negative 

Facial 
Expression  

0.5% 
(0.9%) 

2.2% 
(2.2%) 

1.0% 
(1.3%) 

F(2,42) 
3.16 0.06 

Percentage of 
Other Facial 
Expression  

6.5% 
(5.5%) 

4.9% 
(3.2%) 

7.9% 
(5.3%) 

F(2,42) 
1.43 0.25 

Note. Standard deviations appear in parentheses below means. Time: m. is 
minutes, s. is seconds. Negative Facial Expression was significant with Fisher’s 
LSD. For any calculations involving Facial Expression, one LHI was an outlier 
and was excluded. 
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Figure 43: Displays a scatterplot of the percentages of eye contact during the interview 
for all three groups. Variability within all three groups is apparent. For example, for 
both the LHI and RHI groups, the range of scores span over 50%.  
 

 

Facial Expressions during the Entire Biographical Interview: For facial 

expressions produced during the biographical interview within the PS group, one 

outlier was detected. This individual’s frequency of facial expression was 3.4 standard 

deviations away from the PS group mean. This is a large deviation as no other 

individual had a score of more than 1.2 standard deviations from the group mean. A 

closer examination revealed that this individual produced a facial tic-like expression 

that was peculiar and did not seem related to the task at hand; therefore this individual 

(a child with LHI) was not included in any facial analysis. 

Production of facial expressions were standardized by time and separated into 

four categories: overall mean use of all facial expressions per minute, mean use of 

0%	  
10%	  
20%	  
30%	  
40%	  
50%	  
60%	  
70%	  
80%	  
90%	  
100%	  

0	   5	   10	   15	   20	   25	  

%
	  o
f	  E
ye
	  C
on
ta
ct
	  

Percentage	  of	  Eye	  Contact	  during	  the	  
Entire	  Interview	  

LHI	   RHI	   TD	  



	  

	  

280 

positive facial expressions per minute, mean use of negative facial expressions per 

minute, and mean production of other facial expressions per minute. Other facial 

expressions were expressions that did not reach an emotion threshold based on the 

criteria set forth in the FACS manual (Ekman, Friesen, & Hager, 2002, p. 174). For 

overall mean use of all facial expressions per minute, no differences were found 

between the three groups. All three groups were roughly producing 4 to 6 facial 

expressions per minute on average. For use of positive facial expressions during the 

interview, no significant differences were observed between the three groups. All three 

groups did produce more smiles than any other type of facial expression during this 

task. For use of negative facial expressions, a statistically significant difference was 

found (see Figure 44), in which the RHI group were producing more negative facial 

expressions per minute compared to the LHI (Tukey-HSD p=0.05, Fisher’s LSD 

p=0.021) and TD (Tukey-HSD p=0.10, Fisher’s LSD p=0.041) groups. A closer look 

at the data revealed that 9 of the 11 RHI children produced negative facial expression; 

the 9 children that produced negative facial expression, averaged 7.33 negative facial 

expressions (SD=5.54) during the biographical interview. For the LHI group, 5 of the 

8 children produced negative facial expression; the 5 children averaged 1.8 negative 

facial expressions (SD=1.09) during the biographical interview. For the TD group, 16 

of the 26 children produced negative facial expression; the 16 children averaged 4.62 

negative facial expressions (SD=3.22). Note the large amount of variability within all 

three groups. For other facial expressions produced during the interview, no 

significant differences were observed between our three groups. The overall 

percentage in which a particular affect was expressed during the entire biographical 
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interview was also captured. The total percentage (duration of all facial expressions 

summed up/duration of entire interview) of all facial expressions was not statistically 

significant between the three groups (see Figure 45). All three groups are expressed 

facial expression for about a quarter of the time during the interview. The total 

percentage of positive facial expressions produced during the entire biographical 

interview was not significantly different between the groups (see Figure 46). For the 

LHI group, 67% of their facial expression produced during the task was a smile. This 

is comparable to the RHI group as 69% of their facial expression was a smile. For the 

TD group, 68% of their facial expression was a smile. For negative facial expression 

during the entire biographical interview, a trend was found, where the RHI group has a 

higher percentage of negative facial expression. Although the RHI group did produce 

more negative facial expression than their peers, when we observe how much this 

accounted for the entire interview, negative facial expression occurred on average just 

2.2% of the RHI interview. For other facial expressions produced during the entire 

biographical interview, no significant group differences were found. 
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Figure 44: Displays the average amount of negative facial expression produced per 
minute for all three groups during the biographical interview. The RHI group 
expressed more negative facial expressions than both the LHI and TD groups. Results 
are displayed with standard error bars. 
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Figure 45: Displays a scatterplot of the percentage of facial expression for all three 
groups during the entire biographical interview. Large amounts of variability were 
observed for all three groups. For example, for both the LHI and RHI groups, the 
range of scores span over 30%. And for the TD group, the scores span over 40%.  
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Figure 46: Displays the percentage of all facial expressions and the percentage of 
positive facial expressions for the three groups during the entire biographical 
interview. There were no significant differences between the groups for these two 
measures. Results are displayed with standard error bars. 
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of co-occurrences during this task (see Figure 47). When we examine the frequency of 

co-occurrences, a significant difference was observed between the LHI and TD 

groups, Tukey-HSD=0.07, Fisher’s LSD=0.03. Although the TD group is producing 

more co-occurrences of eye contact and facial expression, a closer examination of the 

data revealed large amounts of variance within all three groups. Next, the duration of 

these co-occurrences did not differ between the three groups. This measure included 

all three facial expression types (positive, negative, and other facial expression), so the 

next analysis examines particular affective facial expressions as they co-occur with 

eye contact during the biographical interview. Looking at eye contact with positive 

facial expressions, differences were not found in the three groups. The majority of the 

facial expressions of these co-occurrences involved a smile for all three groups. For 

the LHI group, 75% of the co-occurrences involved a smile and for the RHI group, 

77.0% of the co-occurrences involved a smile. For the TD group, 75% of all the co-

occurrences involved a smile. Co-occurrences for both negative facial expression and 

other facial expression were too infrequent in the dataset and further analyses were not 

conducted. 
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Table 21: Co-occurrences of Non-verbal Communicative Behaviors Scores during the 
Biographical Interview  

 
Groups   

LHI 
(n=8) 

RHI 
(n=11) 

TD 
(n=26) F(2,42) p 

Percentage of Co-
occurrences (EC+FE) 

11.6% 
(9.6%) 

10.0% 
(6.4%) 

13.6% 
(7.3%) 0.94 0.39 

Average Frequency 
of Co-occurrences 

(EC+FE) 

29.12a 
(16.03) 

34.90 
(15.21) 

49.42a 
(26.27) 3.25 0.048 

Average Duration of 
Co-occurrences 

(EC+FE) 

1.49 s. 
(1.01 s.) 

1.30 s. 
(0.41 s.) 

1.40 s. 
(0.69 s.) 0.17 0.84 

Percentage of Co-
occurrences with 

Smiles:  
(EC + Positive FE) 

8.7% 
(10.11%) 

7.7% 
(6.6%) 

10.2% 
(7.0%) 0.45 0.63 

Average Frequency 
of Co-occurrences 

with Smiles:  
(EC + Positive FE) 

19.37 
(16.40) 

20.72 
(12.32) 

31.11 
(18.53) 2.32 0.11 

Average Duration of 
Co-occurrences with 

Smiles:  
(EC + Positive FE) 

1.59 s. 
(1.12 s.) 

1.60 s. 
(0.45 s.) 

1.60 s. 
(0.78 s.) <0.001 0.99 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different. Time: m. is minutes, s. is 
seconds. Average Frequency of Co-occurrences (EC+FE) was significant with 
Fisher’s LSD. For any calculations involving Facial Expression, one LHI was an 
outlier and was excluded. 
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Figure 47: Displays the percentage of co-occurrences of eye contact and facial 
expression for all three groups. The majority of the facial expressions that co-occurred 
with eye contact were smiles for all three groups. Results are displayed with standard 
error bars. 
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Table 22). We first present results for positive narratives, then negative narratives, and 

lastly, we present results on neutral narratives. In each case, we examined how many 

of these segments children expressed. In addition, we present results on the 

expressivity of different channels of non-verbal behaviors in this order: 1) eye contact, 

2) facial expression, and 3) the co-occurrences of eye contact and facial expression. 

All three groups produced similar amounts of positive narrative segments 

during the biographical interview. 1) For eye contact during positive narrative 

segments, percentage of eye contact over the amount of time producing the positive 

narrative resulted in similar scores with no statistically significant group differences. 

A little over a third of the positive narrative segments contained eye contact for all 

three groups. 2) Affective facial expressions were then calculated during positive 

narrative segments. First, positive affective facial expressions, smiles, were calculated 

per minute in all groups. When telling a positive story, all three groups produced 

around 2 to 2.5 smiles per minute and this was not statistically significant in the three 

groups. Next, the percentage of smiles produced over the entire positive affective 

narrative segments were conducted. No differences were found between groups for the 

production of smiles when telling a positive story. For negative facial expression when 

telling a positive story, many individuals did not produce any negative facial 

expression mismatches. No group differences were found, with the LHI group rarely 

producing any negative facial expression when telling a positive story, and large 

amounts of variance was observed for the RHI and TD groups. 3) For co-occurrences 

of behaviors during positive affective segments, no group differences were observed; 
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all three groups had similar amounts of co-occurrences when telling narratives that 

were positive.  

Below is an example of a positive narrative segment from an eight-year-old 

male with RHI discussing video games:   

 

EXP: What’s the last one you played? 
CHI: I like them all. 
EXP: What kind of games are you talking about like video games or 
CHI: Where you can play them 
EXP: Oh like a video game 
CHI: When they, when it, when it’s evil, you shoot 
EXP: Oh you shoot the bad guy? 
CHI: Yes 
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Table 22: Positive Narrative Segments and Nonverbal Communicative Behaviors 
Scores during the Biographical Interview 

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Positive Narrative Segments during the Biographical Interview 
Positive 

Narrative 
Segments 

(PNS) 

2.33 
(1.32) 

2.54 
(1.29) 

2.61 
(1.62) 0.11 0.88 

Eye Contact 
during PNS 

37.6% 
(23.7%) 

36.3% 
(19.1%) 

38.7% 
(22.5%) 0.04 0.95 

Positive Facial 
Expression 
During PNS 

2.1 per m. 
(1.8 per m.) 

2.0 per m. 
(1.4 per m.) 

2.5 per m. 
(1.8 per m.) 

F(2,42) 
0.36 0.69 

Percentage of 
Smiles during 

PNS 

12.3% 
(14.5%) 

11.3% 
(8.7%) 

16.9% 
(12.9%) 

F(2,42) 
0.97 0.38 

Negative Facial 
Expression 
During PNS 

0.02 per m. 
(0.05 per m.) 

0.61 per m. 
(0.80 per m.) 

0.45 per m. 
(0.93 per m.) 

F(2,42) 
1.27 0.29 

Co-occurrences 
during PNS 

11.4% 
(10.4%) 

7.8% 
(5.9%) 

11.7% 
(8.4%) 

F(2,42) 
0.87 0.42 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different. Time: m. is minutes, s. is 
seconds. For any calculations involving Facial Expression, one LHI was an 
outlier and was excluded. 

 
 

Next, we switch valence and examine negative affective segments produced 

during the biographical interview. Negative affective segments were rare for all three 

groups, in line with the results from the previous chapter, when examining children 

with High Functioning Autism and children with William Syndrome. A closer look at 

the data revealed that of the nine LHI subjects, only five individuals had at least one 

negative segment, while four participants produced no negative affective segment 

during the biographical interview. The RHI group had only three subjects with at least 

one negative segment with eight individuals having no negative narrative segment. Of 
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the 26 TD individuals, only 7 had at least one negative segment with 19 participants 

not producing a negative segment during the biographical interview. Since there were 

so few negative narratives, further analysis was not conducted. 

Now we switch over to neutral narrative segments, which are segments of 

narratives that coders rated as having no valence attached to them (see Table 23). For 

neutral narrative segments, all three groups produced similar amounts during the 

biographical interview. 1) For eye contact during neutral narrative segments, 

percentage of eye contact over the amount of time producing the neutral narrative 

resulted in similar scores with no significant group differences. The three groups were 

averaging around 25%-30% eye contact during these neutral narratives. 2) Affective 

facial expression was then calculated during neutral narrative segments. First, the 

percentage of smiles over the entire neutral narrative segments was measured. No 

difference was observed between the groups as they averaged around 10-13% of these 

neutral segments with a smile on their face. Next, smiles were calculated per minute in 

all three groups. There were no group differences as around 1.5 to 2 smiles were 

produced a minute on average for these three groups of children. For the production of 

negative facial expression when telling a neutral narrative, a difference was observed 

for the RHI when compared to both the LHI and TD groups. For the RHI and LHI 

comparison, Tukey-HSD=0.09; Fisher’s LSD=0.03, more negative facial expressions 

were observed in the RHI group. For the RHI and TD comparison, Tukey-HSD=0.06; 

Fisher’s LSD=0.02, more negative facial expressions were observed in the RHI group. 

Note the large amount of variance for the RHI group. A closer look at the data 

revealed that 5 of the 11 RHI children produced negative facial expressions when 
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telling neutral narratives and 6 RHI children did not produce one negative facial 

expression. 3) For co-occurrences of eye contact and facial expression during neutral 

affective segments, no group differences were observed, as all groups had similar 

amounts of co-occurrences when telling narratives that were neutral in tone. 

 

Below is an example of a negative narrative segment from a seven-year-old 

female with RHI talking about a bad experience at an amusement park: 

 

EXP: Who was mean? 
CHI: No, xx, he was mean.  
EXP: What if someone was mean?  
CHI: Yeah 
EXP: Who was mean? 
CHI: Well it was a lady when we were on Space Mountain. Her was 
pressing her hair and his hair down. 
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Table 23: Neutral Narrative Segments and Nonverbal Communicative Behaviors 
Scores during the Biographical Interview 

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Neutral Narrative Segments during the Biographical Interview 
Neutral Narrative 
Segments (NNS) 

1.44 
(1.13) 

1.09 
(0.94) 

1.88 
(1.50) 1.47 0.24 

Eye Contact 
during NNS 

24.1% 
(27.2%) 

27.2% 
(23.4%) 

29.6% 
(24.3%) 0.17 0.84 

Percentage of 
Smiles during 

NNS 

10.5% 
(13.6%) 

11.2% 
(12.3%) 

13.1% 
(15.5%) 

F(2,42) 
0.14 0.87 

Positive Facial 
Expression 

During NNS 

1.72 per m. 
(1.52 per m.) 

1.63 per m. 
(1.62 per m.) 

2.06 per m. 
(2.06 per m.) 

F(2,42) 
0.24 0.79 

Percentage of 
Negative Facial 

Expression 
During NNS 

0.41%a 
(0.79%) 

4.14%ab 
(7.00%) 

0.98%b 
(2.02%) 

F(2,42) 
3.23 0.049 

Negative Facial 
Expression 

During NNS 

0.16 per m. 
(0.31 per m.) 

0.81 per m. 
(1.11 per m.) 

0.34 per m. 
(0.69 per m.) 

F(2,42) 
2.02 0.15 

Co-occurrences 
during NNS 

7.4% 
(10.0%) 

6.9% 
(8.1%) 

8.4% 
(8.7%) 

F(2,42) 
0.12 0.89 

Note. Standard deviations appear in parentheses below means. Means with 
subscripts within rows are significantly different. Time: m. is minutes, s. is 
seconds. Percentage of Negative Facial Expression during NNS was significant 
with Fisher’s LSD. For any calculations involving Facial Expression, one LHI was 
an outlier and was excluded. 

 
 
 
 
Non-Verbal Social Behaviors Produced during Positive Segments versus Neutral 

Segments 

In the previous section above, we examined non-verbal behaviors when telling 

different affective-toned stories. In our next analyses, we investigate whether children 
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behave similarly in their expression of non-verbal behaviors when telling narratives 

that are positive compared to neutral narratives. Are children more expressive when 

telling a positive-toned story compared to a neutral-toned story? In addition, the 

temporal dynamics of co-occurrences of eye contact and facial expression will be 

examined. Does eye contact or facial expression systematically precede the other 

behavior? 

 

Positive Narrative Segments vs. Neutral Narrative Segments: To assess if there 

are differences in behaviors during these two types of narrative segments, within 

subject t-tests were conducted for all measures comparing positive narratives with 

neutral narratives. Firstly, we compared the numbers of positive narrative segments 

and neutral narrative segments produced during the entire biographical interview. In 

the LHI group, no difference was observed, t(8)=1.24, p=0.249. In the RHI group, a 

difference was found, t(10)=2.58, p=0.027. The RHI group on average produced 2.54 

positive narratives and 1.09 neutral narratives.  No difference in the production of 

these two types of narratives were present for the TD group t(25)=1.27, p=0.21. 

Although the LHI and TD groups did not reach statistical significance, all three groups 

did produce more positive narratives than neutral narratives. For the percentage of eye 

contact during these two types of narratives, no significant differences were observed 

for all three groups (see Figure 48), LHI group t(8)=1.62, p=0.143; RHI group 

t(10)=1.39, p=0.193; TD group t(25)=1.61, p=0.119. The percentage of smiles did not 

differ in the three groups of children when telling a positive narrative or a neutral 

narrative, LHI group t(7)=0.440, p=0.672; RHI group t(10)=0.02, p=0.982; TD group 
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t(25)=1.103, p=0.28 (see Figure 49). Smiles per minute did not reach statistical 

significance for all three groups, LHI group t(7)=0.63, p=0.544; RHI group 

t(10)=0.53, p=0.603; TD group t(25)=1.018, p=0.318. The percentage of negative 

facial expressions did not differ in the three groups of children when telling a positive 

narrative or a neutral narrative, LHI group t(7)=1.25, p=0.24; RHI group t(10)=1.29, 

p=0.223; TD group t(25)=0.820, p=0.419. No group difference was found for negative 

facial expressions per minute, LHI group t(7)=1.25, p=0.248; RHI group t(10)=0.587, 

p=0.570; TD group t(25)=0.629, p=0.534. Finally, for co-occurrences of eye contact 

and facial expression, no difference was found for all three groups, LHI group 

t(7)=1.106, p=0.305; RHI group t(10)=0.256, p=0.802; TD group t(25)=1.590, 

p=0.124. When examining behaviors expressed during positive and neutral narratives, 

the conclusion is that these groups of children are behaving fairly similarly when 

telling these two types of narratives.  
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Figure 48: Displays the percentage of eye contact during positive and neutral narrative 
segments. No differences were observed for all three groups. Although in all three 
cases, greater eye contact is observed during positive narrative segments compared to 
neutral narrative segments. Large amounts of variability are observed for all three 
groups. Results are displayed with standard error bars. 
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Figure 49: Displays the percentage of smiles during positive and neutral narrative 
segments. No differences were observed for all three groups, as smiles were the most 
frequent type of facial expression produced during the biographical interview. Results 
are displayed with standard error bars. 
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occurrences were found with eye contact preceding facial expression occurring 14.5 

times and facial expression preceding eye contact occurring 20.3 times. When we 

examine the TD group, a significant difference was observed as facial expressions 

tended to occur before making eye contact, t(25)=2.73, p=0.011; on average 49.4 co-

occurrences were found with eye contact preceding facial expression occurring 21.1 

times and facial expression preceding eye contact occurring 28.2 times. From these 

results, no consistent patterns were found within the three groups.  

 

Non-Verbal Social Behaviors Produced during Speaking versus Listening 

Throughout this study, we have observed the production of non-verbal 

behaviors during the entire biographical interview, during narrative segments with 

affective content, and now we observe when children are playing different roles during 

the social interaction, when speaking compared to when they are listening during the 

biographical interview.  

 

Communicative Behaviors during Different Roles in the Interaction: During 

the biographical interview, the child is producing speech or listening to speech from 

the experimenter. Eye contact, facial expression, and the co-occurrences of these 

behaviors were examined when the child plays each of these roles (see Table 24).  

As speaker: First, the time speaking for each child did not differ between the 

three groups. The range of time our groups spent speaking lasted around a little under 

3.5 minutes to a little over 4 minutes. Next, the percentage of eye contact was 

examined and no differences were found between the three groups (see Figure 50, 
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Left). The LHI group spent 35.1% of the interview making eye contact with the 

experimenter. The RHI group spent 30.9% of the interview making eye contact. The 

TD group spent 37% of the interview committing eye contact with the experimenter. 

The percentage of facial expression when speaking was not significantly different in 

the three groups (see Figure 51, Left). All three groups averaged around 22% to 25% 

of the interview having some type of facial expression. Finally, co-occurrences of both 

eye contact and facial expression during speech was not significantly different in all 

three groups of children. For about 8%-10% of the interview, both eye contact and 

facial expression were present together when the child was speaking.  

As listener: During the listening phase, a significant difference was found for 

the time spent listening to the experimenter. The difference was found between the 

LHI and TD children, Tukey-HSD=0.054, Fisher’s LSD=0.02. The TD group on 

average spent 2 minutes and 22 seconds listening to the experimenter, while the LHI 

spent 3 minutes and 6 seconds listening to the experimenter. The RHI group was not 

significantly different from the two other groups as they listened to the experimenter 

for 2 minutes and 52 seconds. This group difference between the LHI and TD groups 

should be taken with caution, as the standard deviation of the LHI group is more than 

twice the standard deviation of the TD group. Next, the percentage of eye contact was 

explored and no difference was found between the three groups (see Figure 50, Right). 

The percentage of facial expression during the listening phase was not significantly 

different (see Figure 51, Right). Finally, co-occurrences of eye contact and facial 

expression during the listening phase resulted in no group differences for the three 
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groups. However, a trend was observed as more co-occurrences were found in the TD 

group than both the LHI and RHI groups.  

 
 
Table 24: Verbal and Non-verbal Communicative Behaviors during Different Phases 
of the Biographical Interview 

 
Groups   

LHI 
(n=9) 

RHI 
(n=11) 

TD 
(n=26) F(2,43) p 

Behaviors when the Child is Speaking 
Duration of Speech 

Production 
Segments 

3 m. 23 s. 
(3 m. 1 s.) 

3 m. 38 s. 
(1 m. 33 s.) 

4 m. 7 s. 
(2 m. 3 s.) 0.48 0.62 

Percentage of Eye 
Contact during 

Speech Production 

35.1% 
(18.9%) 

30.9% 
(20.2%) 

37.0% 
(20.5%) 0.36 0.70 

Percentage of Facial 
Expression during 
Speech Production 

22.0% 
(14.2%) 

22.4% 
(10.0%) 

24.9% 
(11.3%) 

F(2,42) 
0.30 0.74 

Percentage of  
Co-occurrences 

during 
Speech Production 

10.7% 
(10.4%) 

8.3% 
(5.7%) 

9.7% 
(6.2%) 

F(2,42) 
0.29 0.75 

Behaviors when the Child is Listening 
Duration of 

Listening Segments 
3 m. 6 s.a 

(1 m. 17 s.) 
2 m. 52 s. 

(0 m. 32 s.) 
2 m. 22 s.a 
(0 m. 37 s.) 3.47 0.039 

Percentage of Eye 
Contact to 

Experimenter 

48.8% 
(27.6%) 

49.5% 
(20.5%) 

61.2% 
(15.4%) 2.14 0.13 

Percentage of Facial 
Expression  

23.7% 
(13.1%) 

23.1% 
(12.0%) 

31.1% 
(13.9%) 

F(2,42) 
1.87 0.17 

Percentage of  
Co-occurrences  

12.2% 
(9.3%) 

12.5% 
(7.4%) 

19.7% 
(10.6%) 

F(2,42) 
3.14 0.053 

Note. Standard deviations appear in parentheses below means. Time: m. is 
minutes, s. is seconds. Duration of Listening Segments was significant with 
Fisher’s LSD. For any calculations involving Facial Expression, one LHI was an 
outlier and was excluded. 
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Figure 50: Displays the percentage of eye contact during the Speaking Phase (left) and 
the Listening Phase (right) of the child for all three groups. All three groups had 
similar percentages of eye contact during the Speaking Phase and the Listening Phase. 
When we compare across phases, more eye contact occurs during the Listening Phase 
than the Speaking Phase. Results are displayed with standard error bars. 
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Figure 51: Displays the percentage of facial expression during the Speaking Phase 
(left) and the Listening Phase (right) for all three groups. All three groups had similar 
percentages of facial expressions during the Speaking Phase and the Listening Phase. 
Results are displayed with standard error bars. 
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the TD group, t(25)=7.73, p<0.001. This pattern was observed in all three groups, 

suggesting that during a naturalistic conversation, children at this age use eye contact 

differently, depending on the role they are playing in the social interaction.  

Next, the percentage of facial expression was examined to observe if children 

behave differently when playing different roles during the interview. For the LHI 

group, no differences in facial expression behaviors were observed when speaking or 

listening, t(7)=0.609, p=0.561 (see Figure 53). Similarly, no differences were observed 

for the RHI group, t(10)=0.487, p=0.636. For the TD group, a statistically significant 

difference was observed, t(25)=3.04, p=0.005. A higher percentage of facial 

expression was produced when the child was listening compared to speaking in the TD 

group (a 6% increase). Finally, for co-occurrences of eye contact and facial 

expressions, no difference was observed for the LHI group, t(7)=1.52, p=0.171. A 

significant difference was found for the RHI group, t(10)=2.481, p=0.032, and TD 

group, t(25)=6.38, p<0.001. In both cases, children use more eye contact and facial 

expression together when listening than when speaking.  
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Figure 52: Displays the percentages of eye contact during the two different phases of 
the interview. In all three groups, more eye contact was observed when children were 
listening to the experimenter compared to when children were speaking. Results are 
displayed with standard error bars. 
 
 

 
Figure 53: Displays the percentages of facial expressions during the two different 
phases of the interview. A statistically significant difference was found in only the TD 
group; more facial expression was observed when children were listening to the 
experimenter compared to when children were speaking. Results are displayed with 
standard error bars. 
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DISCUSSION 

The goal of this study was to observe how children with PS communicate and 

express social and affective information as a means to understand the extent and 

limitations of neural plasticity within different communicative systems. In this 

chapter, the performance of the LHI, RHI, and TD groups was compared as they 

participated in a social interaction, where their communicative behaviors were 

observed and quantified. A one-on-one, semi-structured, biographical interview was 

conducted to observe how language and different channels of both verbal and 

nonverbal social behaviors were recruited and integrated. The results of this study can 

help contribute to a better understanding of the social and affective phenotypes of our 

groups and can answer pertinent questions relating to brain behavior relations.  

For the formal aspects of language, morphology is still an area of deficit for a 

minority of children in the LHI group. For the majority of children with PS, they 

resemble their TD peers. For syntactic complexity, all three groups are comparable. 

For the expression of social and affective behaviors, eye gaze was comparable in the 

three groups. For the production of facial expression, children 7-14 years of age with 

RHI continue to show a subtle but persistent deficit in negative expression while a 

greater degree of development is observed for the production of positive affect as 

compared to younger children with PS (Lai & Reilly, 2015; Reilly et al., 1995). The 

data suggest that plasticity for affect may require more time to “catch-up” as compared 

to other domains such as language. The affective patterns observed in this study 

suggest the powerful role of neuroplasticity as it continues to shape behavior in 

children as they overcome an insult early in life.  
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The Role of Variability in the Results 

Before we discuss the results, throughout multiple measures in this study, large 

amounts of variance was observed. What might explain the variability of our groups? 

Within our PS group of 20 children, we split the group based on their side of injury, 

either left hemisphere or right hemisphere. This left us with 9 LHI children and 11 

RHI children in our study. Furthermore, one of the children in the LHI group had a 

facial tic that was producing facial expressions throughout the interview. A closer look 

at the video data revealed that this behavior was not related to the task and the child 

was excluded from any facial measures collected for the study. Therefore, any facial 

measure would result from 8 LHI individuals. Since our sample size is small, 

increased variance may result due to a few participants exhibiting certain behaviors or 

one specific participant exhibiting a particular behavior that stands out from the rest of 

the group. In addition, variance may come from a variety of sources not related to 

sample size. Children in all three groups for this study and children in general, come 

with their own unique background and experiences. This idiosyncratic profile of brain 

injury, temperament, environment, genetics, and current mood, etc., all adds 

variability into the data. Since this task was an interview, children also bring their own 

idiosyncratic communication style, which contributes to the variance. Large amounts 

of variance were observed for language measures, eye contact, and facial expression 

for all three groups in our study. Such variability has been a common finding in 

language studies of children with PS (e.g., Reilly et al., 2013). 
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Affective Expression in Children with RHI 

In Lai and Reilly (2015), five- and six-year-old children with PS were 

examined on their production of language and affective expression. In this study, 

children ages 7 to 14 were also examined on their production of language and 

affective expression. In both cases, a biographical interview was conducted and 

differences in affective behaviors were observed between children at different ages 

within the RHI group. In the younger, kindergarten-age RHI children, hemispheric 

differences were found as the RHI group displayed a flatter profile both in the use and 

production of affective language and in the overall production of facial expression 

when compared to the LHI and TD groups. This profile in the RHI group mirrors both 

the infants with PS study (Reilly et al., 1995) and adult stroke profiles (Borod, et al., 

1985; 1998). However, in the current study, older school-age children with RHI did 

not exhibit the profile observed in the younger children nor the infants with RHI, as 

the older group was as expressive as their LHI and TD peers. Older children with RHI 

produced similar amounts of positive narratives, used as many evaluations in their 

stories, and produced equivalent amounts of facial expression throughout the 

biographical interview as the LHI and TD groups. However, whereas the TD group 

used more facial expressions as they listened compared to when they spoke, this was 

not the case for either those with the RHI or LHI groups. Their facial expression 

profiles were similar in both the listening and speaking roles. One potential reason 

why we do not see more facial expressions from the PS group during the listening 

phase may be due to the lack of conversational facial expressions. These are facial 

expressions that do not carry affect and are used during a conversation to convey 
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information to the interlocutor about the dynamics of the conversation itself. It has 

been observed that people tend to smile when they want to convey understanding, 

agreement, and acknowledgement (Brunner, 1979). Individuals using head nods in 

conversations and individuals greeting new people as a cultural convention also 

produce a smile (Poggi, D’Errico, & Vincze, 2010; Raz & Rafaeli, 2007). For 

example, the listener might produce an AU of 1+2, an eyebrow raise, to let the speaker 

know what they just said was interesting. An eyebrow raise would be coded in the 

“other category” since this particularly facial expression when used in isolation carries 

no emotional valence. We did not break down the types of facial expression produced 

during the speaker and listener phases, but we do have an indication that PS children 

produce fewer facial expressions from the “other category” compared to their TD 

peers throughout the interview. Perhaps PS children are not using these conversational 

signals towards the experimenter to “check in” during the listening phase and have not 

mastered the social conventions for speaker vs. listener. 

Returning to the contrast between the early and later RHI group profiles, there 

are two possible interpretations as to why we are seeing differences between these two 

groups. One, older TD children are not as expressive as they age, therefore children 

with RHI who did not produce much affective expression in the first place, would 

match the diminished expressivity of the older TD children. Second, children with 

RHI are still developing and have overcome early deficits in emotional expression as 

they have caught up with their peers. To test the first option and assess whether there 

is a decrease in the production of affective expression in the TD group, we examined 

scores in both the younger (Lai & Reilly, 2015) and older TD groups on their 
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production of facial expressions. In the 5 and 6 year olds, TD children produced 5.89 

facial expressions per minute, 7 and 8 year old TD children produced 5.50 facial 

expression per minute, and children ages 9 to 14 produced 6.28 facial expressions per 

minute. From the results of this data, we can reject the first option that TD children are 

decreasing their production of facial expression as they age. This leads us to the 

second option, where children with RHI are developing and the affective deficits 

observed in younger children with RHI have for the most part resolved. In many 

measures of affective expression in this study, children with RHI performed 

comparably to their peers. The interview itself may play a role, as having a 

conversation is an everyday task that occurs frequently in our lives. Perhaps children 

at this age have learned to better express emotional content through language and have 

learned to more frequently express emotion on their faces. For example, RHI children 

in this study produced more positive narratives segments than neutral or negative 

narrative segments, and express smiles more than any other type of facial expression. 

One measure of expressivity conducted in this study was to observe question asking 

behaviors from the child towards the experimenter. Over half the RHI children asked a 

question, and when they occurred within an affective narrative, they all happened to 

occur when children were telling a positive-toned story. Evidence of development has 

been observed in children with PS in multiple domains. In the visual spatial domain, 

as children age, they use alternative strategies on visual spatial construction tasks. 

Akshoomoff and colleagues (2002) examined children’s construction of the Rey 

Osterrieth Complex Figure (Rey-O; Osterrieth, 1944; Rey, 1941), and found 

improvement as children age, but the ways children achieved the final result were 
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different from their TD peers. At age 6, children with PS performed poorly when 

compared to their TD peers regardless of lesion side. But at age 10, copying of the 

figure was now accurate in the PS group, but the majority of the children did not use 

the more complex strategy to complete the task (Akshoomoff et al., 2002). Also within 

the domain of language, development has been noted across studies; toddler and 

preschool deficits appear to resolve by school age (Bates et al., 2001; Reilly et al., 

2004). Overall, for affective expression, there seems to be more expressivity in 

children with RHI at 7-14 years than in the younger ages, and this pattern suggests that 

children with RHI have continued to develop, and for the most part, have caught up to 

their LHI and TD peers on affective expression.  

 

Structural Language Use in School-age Children with PS 

During the biographical interview, no duration differences were observed in 

the length of interview for the three groups. But a difference was found for the 

production of propositions as the TD group produced more propositions than the LHI 

group. The RHI group performed between the TD and LHI groups. A closer look at 

the data revealed three LHI individuals who produced only 9, 13, and 22 propositions 

and two other LHI individuals produced 78 and 139 propositions. This result 

highlights the need to examine each individual score and to observe whether 

differences are really due to a group phenomenon or are influenced by a few 

individuals either driving the group averages up or down. With regards to 

morphosytactic errors produced during the social interaction, the LHI group produced 

a higher percentage of morphological errors than the TD group, while the RHI group 
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was not significantly different from either the LHI or TD groups. The results here 

initially suggest a continued deficit in the LHI group in producing more morphological 

errors compared to the RHI and TD groups. Large amounts of variance were observed 

in the LHI group, as the standard deviation was more than three times the standard 

deviation of the TD group. These results on morphology and variability resemble 

Reilly and colleagues (2013) study where PS children ages 7-16 produced spoken 

personal narratives. In the present study, a closer examination of the data pinpointed 

the source of the variability in the LHI group. Three subjects were producing the 

majority of the variance of the LHI group, while the other 6 LHI had a profile like the 

TD group. All 6 LHI individuals were within the TD range on the percentage of 

morphological errors. What initially appeared to be a deficit in the LHI group turned 

out to be one-third of the group increasing the average morphological error rate. The 

mean percentage of morphological errors in the 6 LHI children is the same percentage 

in the 26 TD individuals (both groups a little bit above 5%), suggesting that overall 

variance is a factor in the LHI group, but the majority of children do not show deficits 

in producing morphological errors in their spontaneous language.  

The morphosyntactic profile of the LHI group is compelling. Six of the 9 LHI 

children are showing results similar to the findings in Bates and colleagues (2001) and 

Lai and Reilly (2015), where no differences in morphological errors were found in 

young children with LHI. The three LHI individuals with high percentages of 

morphological errors do show interesting characteristics. Two of the three produced 

very little verbal language (proposition count of 9 and 13 respectively); therefore a 

few instances of morphological errors will elevate the percentage dramatically. The 
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third individual showed a different profile. This child produced many clauses 

(proposition count was 78) and had multiple errors in every category coded for 

morphology e.g., auxiliary errors, pronominal errors, agreement errors, errors in verb 

form, determiner errors, etc. The three LHI individuals clearly stand out from the 

majority of children with LHI, who exhibit a profile similar to the TD group. 

Examining their lesion profiles where lesion severity ranges from 1 to 5 (1 being the 

smallest lesion and 5 being a large lesion involving multiple lobes), the three LHI 

scores were 4, 5, and 5 respectively. Although these are large lesions and may 

contribute to the deficits observed, 15 of the 17 other PS children in our study also had 

a lesion severity score of 4 or 5. The LHI child with 22% errors in morphology had 

injuries to the parietal lobe, and subcortical areas involving the thalamus. For the child 

with 30% errors in morphology, injuries included the parietal, occipital, and 

subcortical areas. For the child with 46% errors, injuries included frontal, temporal, 

parietal, and had damage to both Broca’s and Wernicke’s area. But when examining 

verbal IQ (VIQ) scores, these three children with LHI had the three lowest scores 

within the LHI group. The average LHI group score for VIQ was 89.11. These three 

LHI individuals had scores of 68, 69, and 76, respectively. For the RHI group, even 

though their VIQs ranged from 70 to 123, no differences from the TD group in 

morphological proficiency were found, and this result is inline with both Bates and 

colleagues (2001) and Lai and Reilly (2015), where children with RHI did not exhibit 

deficits in the production of morphology. When it came to using complex syntax, no 

significant difference was observed between the three groups. These findings suggest 

that the early syntactic deficits are resolved by the time these children are in school, or 
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the linguistic context does not require complex sentences; overall, the results are in-

line with previous studies (Bates et al., 2001; Lai & Reilly, 2015).  

 

Similar Profiles of Non-Verbal Expressive Behaviors in All Three Groups 

 Three separate non-verbal channels of communication were analyzed during 

the entire biographical interview: eye contact, facial expression, and the co-

occurrences of eye contact and facial expression. These measures gauge attention and 

affect, and can provide important information to the experimenter during a social 

interaction. 

No study to our knowledge have examined eye gaze in school-age children 

with PS. Results showed no differences between the three groups on any measures 

examining social use of eye gaze. This suggests that the use of eye gaze in children 

with PS is relatively similar to TD controls, or at least suggests at this age, deviations 

are not observed in either of the PS groups when compared to their TD peers. For 

facial expression, to assess positive facial expression, the numbers of smiles were 

counted; no differences were found across groups. The results for positive facial 

expression in the RHI group is in contrast to what has been observed in infants with 

RHI ages 6-22 months (Reilly et al., 1995), younger children with PS at 5- and 6-years 

of age (Lai & Reilly, 2015), and adults with RHI strokes (Blonder et al., 1993; 2005). 

This result is also in contrast to a younger set of RHI children at 5 and 6 years, where 

children with RHI were found to produce fewer positive facial expressions than their 

LHI and TD peers (Lai & Reilly, 2015). The result in the current study suggests older 

children with RHI have overcome early deficits where infrequent positive affect was 
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observed. This development is also observed in other areas of affective expression as 

children with RHI produced similar amounts of positive narratives, and used as many 

evaluations in their stories. For the RHI group, the affective system is mirroring other 

domains, such as visual-spatial cognition and various aspects of language 

development, where early deficits are observed. As children age, they improve and 

become more similar to their LHI and TD peers. One question that arises from the 

visual-spatial literature is the qualitative manner in which improvements are seen. 

Children have been found to use alternative strategies as they improve their accuracy 

in visual spatial tasks. Although children with RHI are producing smiles, do we see 

any evidence of qualitative differences when they do smile? Examining the average 

frequency, length, and percentage of smiles during the entire interview, when smiles 

are co-expressed with eye contact, and when telling positive and neutral stories, no 

differences were observed compared to the LHI and TD groups. This suggests that all 

three groups use smiles in a similar way.  

One aspect of facial expression does however differ in the RHI group: the RHI 

group is producing more negative facial expressions per minute compared to the LHI 

and TD groups (9 of the 11 RHI children had negative facial expressions and the 

average frequency was 6 negative facial expressions per interview). This result is 

consistent with previous studies with infants and toddlers with PS (Nass & Koch, 

1987, Reilly et al., 1995) as well as the adult right hemisphere stroke profile (Blonder 

et al, 1993; 2005). Thus, while we see similarities with their peers on positive facial 

expression, we are observing differences when it comes to negative facial expression. 

When it comes to the ratio of affective facial expression, all three groups are still 
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producing more positive than negative facial expressions, but the degree to which 

these ratios differed was interesting. When comparing ratios of positive to negative 

facial expressions, the RHI group was producing 3.13 positive facial expressions to 1 

negative facial expression, while the LHI group was producing 13.44 positive facial 

expressions to 1 negative facial expression, and the TD group was producing 8.57 

positive facial expressions to one negative facial expression. As such, the RHI group is 

more producing more negative affect compared to the two other groups during the 

entire biographical interview. For positive facial expression, RHI children in this study 

appear to have “caught-up” to their peers. However, the increased negative expression 

in this group suggests a subtle, but persistent deficit.  

Taken together, when we observe how children with PS and TD convey both 

verbal and non-verbal information to the experimenter, we see similarities and 

differences between the three groups. Where the groups differ in language use, it is 

mainly due to a few individuals that are driving the differences, e.g., errors in 

morphology, hence the large amounts of variability in the data. Within the PS group, 

hemispheric differences related to affective expression were observed. Children with 

LHI were comparable to their TD peers, while children with RHI show a profile of 

both continued development and continued deficits. In the RHI group, development 

was observed for positive affect, however, continued deficits were observed for the 

expression of negative affect. 

 

 

 



	  

	  

316 

CONCLUSION 

The PS group is unique as the children have acquired an early brain insult at 

the beginning of their lives and can thus help provide clues towards understanding the 

neural bases of social and affective behaviors. Within this chapter, questions regarding 

neuroplasticity and hemispheric-specific behavioral outcomes have been discussed 

with respect to language, sociability, and affective expression. For the formal aspects 

of language, variability especially in the LHI group, suggest morphology is still an 

area of deficit for a minority of children in this group. For the majority of children 

with LHI and RHI, they resemble their TD peers. For syntactic complexity, all three 

groups are comparable. For the expression of social and affective behaviors, eye gaze 

and the production of facial expression were broadly comparable in the three groups. 

The RHI group produced equivalent smiles compared to their peers, but produced 

more negative facial expressions. As such, the RHI group profile for affective 

expression is mixed. Lingering deficits in these school-age children are observed in 

negative facial expression while a greater degree of development is observed with the 

production of positive affect as compared to younger children with PS. Taken 

together, the profiles we are observing in the PS group broadly points towards 

continued development where children with early brain insults show deficits and 

through time and development, perform within the range of their TD peers. The data 

suggests that plasticity for affect, as compared to language, may require more time to 

“catch-up.” As such, different communicative systems have distinctive time frames for 

development. The longer developmental time may be related to phylogeny. The 

affective system is evolutionarily older than language and may be more predetermined 
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and constrained than more recent systems, e.g., language, a cortically dominated 

system. Another possibility is that for those systems that emerge early in development 

(implying early neural specification), there may be increased limitations on how the 

developing brain can reorganize after an early insult. Therefore, the developmental 

timing of emotional expression maturation may impose constraints on the 

development of alternative pathways. The affective patterns observed in this study 

suggest the powerful role of neuroplasticity as it continues to shape behavior in 

school-age children as they overcome an early brain injury.  
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Chapter 6: General Discussion and Conclusion 

Communication is critically important for success in everyday life. 

Communication is central to the human experience, and lacking the ability to process 

and effectively convey social information in school-age children can lead to deficits in 

maintaining relationships as well as academic problems in school (Wentzel, 1991; 

2003). One way to communicate is through a conversation. A successful conversation 

requires the coordination of many abilities. One must plan and integrate new 

information, negotiate meaning, exchange ideas, and clarify any misunderstandings, 

all online and in real-time (Diamond, 2006; Gjems, 2010; Samuelowicz & Bain, 

2001). As this process occurs, other channels (i.e., eye contact, facial expression) can 

convey crucial information such as one’s current affective state and attentional focus. 

In this dissertation, we have investigated how children communicate with an adult in a 

one-on-one semi-structured, naturalistic biographical interview. To best capture how 

children communicate during a social interaction, we have devised a micro-analytic 

coding scheme to reveal which channels children use as well as how they integrate 

both verbal and non-verbal channels of communication. In an attempt to be as 

naturalistic as possible, we employed a conversational context, as they are a daily 

occurrence in children’s lives. In addition, the questions that are asked are open-ended 

and reflect everyday verbal interactions. Given their frequency and everyday nature, 

conversations provide an excellent context of children’s spontaneous language and use 

of non-linguistic communicative behaviors. 

In these studies, different components of communication were assessed in 

individuals with typical development and children with neurodevelopmental disorders 
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of different nature and origins. The goal of these studies is to better characterize the 

social and affective communicative phenotype of each group as well as to address the 

underpinnings of social behavior. Our groups include: typically developing (TD) 

children, children with high functioning autism (HFA), children with Williams 

Syndrome (WS), and children with Perinatal Stroke (PS). The school-age children in 

our studies are between 7 to 14 years of age. Since the majority of research regarding 

communication in our groups has focused on infants, toddlers, and younger pre-school 

children (see Chapter 2), studying children at school-age can elucidate how children’s 

communication develops over these important years. Chapter 3 focused on how TD 

children communicate in a conversation with an adult. Whereas past studies 

examining TD school-age children have focused on an individual communicative 

channel, e.g., language (Berman & Verhoeven, 2002), facial expression (De 

Sonneville et al., 2002), or eye gaze (Salamanca, 2011) they all indicate continued 

development of communicative skills. However, no studies to our knowledge have 

examined how school-age children use, and integrate different channels of 

communication in a conversational naturalistic setting. Studying typically developing 

children provide a greater understanding of the range and nature of typical 

development, and can help identify and create more appropriate therapeutic 

interventions for individuals exhibiting abnormal social and emotional behaviors 

(Tager-Flusberg, Paul, & Lord, 2005; Herba & Phillips, 2004). Chapter 4 focuses on 

children with HFA and children with WS. These children often have significant 

impairments in social communication that impact their relationships with others. 

Broadly, in social situations, individuals with HFA tend to be withdrawn from others 
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while individuals with WS are often hyper-social, seeking out contact with others. 

Given these contrastive profiles, children with HFA and children with WS are often 

considered to be on opposing ends of the sociability spectrum. In this study, children 

with HFA and children with WS were investigated to observe whether the same 

contrastive social profiles are observed when interacting in a naturalistic setting with 

an adult. In Chapter 5, two other neurodevelopmental groups are compared, children 

with left hemisphere injury (LHI) or right hemisphere injury (RHI). This perinatal 

stroke group brings its own set of intriguing questions regarding brain-behavior 

relations. An injury occurring early in life can potentially inform what areas in the 

brain contribute to behavior, and looking at development in these children provides 

information on neuroplasticity. Specifically, we are interested in whether the side of 

injury continues to play a role in social and affective communication. Taken together, 

the goal of this dissertation is to better understand social-affective behavior by 

characterizing the social and affective communicative phenotype of each group by 

employing a new micro-analytic coding scheme during a naturalistic conversational 

setting. We now turn and summarize the findings in each group and provide potential 

explanations for the patterns displayed by each of our neurodevelopmental groups.  

Chapter 3 examined how TD school-age children communicate by analyzing 

multi-modal communication as they participated in a dyadic interaction. These 

channels of communication include speech, eye gaze behaviors, facial expression, and 

the co-occurrences and integration of these channels. In addition, these communicative 

behaviors were examined by looking at different phases or contexts within the 

interview, e.g., the entire biographical interview, during narrative segments with 
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affective content, when the child is producing speech, and when the child is listening 

to speech. In this study, we also examined if age plays a role in how children 

communicated by separating the TD group into a younger TD group (ages 7 and 8) 

and an older TD group (ages 9 to 14). Overwhelmingly, when we compare the 

younger TD group to the older TD group, we do not see age differences on how school 

age children communicate during this social interaction. From this point forward, we 

discuss the TD group as a whole.  

Our results revealed that TD children are producing language efficiently, 

producing few errors, and incorporating evaluations into their stories. Children also 

produced non-verbal behaviors throughout the biographical interview. Eye contact 

was present for a little under half of the interview and facial expressions were 

expressed with smiles being the dominant affect produced. Co-occurrences of eye 

contact and facial expression were also present with smiles once again accounting for 

the majority of these co-occurrences, suggesting children are using these channels 

together when they are in a positive affective state. Finally, differences in non-verbal 

behaviors were observed when children were either speaking or listening. The 

majority of eye contact and facial expression occurred when the children were 

listening to the experimenter. These differences suggest that the children have learned 

the social-cultural rules for these conversational roles.  

Chapter 4 investigated individuals with HFA and individuals with WS as we 

compared them to their TD peers from Chapter 3. Children with WS have been 

characterized as hyper-social whereas those with HFA fall at the other end of the 

social continuum and have been labeled hypo-social.  How will such profiles manifest 
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in the use of non-verbal communication? For language, both neurodevelopmental 

groups continue to produce more morphological errors and produce less complex 

syntax than their TD peers. This suggests that the more structural aspects of language 

continue to pose problems in these two groups. When we examine how language is 

used for social purposes, the majority of the evaluations used by children with WS fell 

within the social category, while the HFA and TD groups were divided in their use of 

social and cognitive evaluative devices. When examining the content of the 

transcripts, an interesting phenomenon within the WS and HFA groups emerged. The 

children asked many more questions toward the experimenter than the TD group. This 

particular behavior was not expected since the cultural convention of an interview is 

for the experimenter to ask questions and the child to answer them. A content analysis 

revealed that not all questions asked had the same intentions, as the overwhelming 

majority of the questions were on the topic of discussion for the HFA group, and about 

half of the questions were personal and half were on the topic of discussion for the WS 

group. The behavior was rarely observed in the TD group.  

Children also produced non-verbal behaviors throughout the biographical 

interview. A qualitative difference in the use of eye gaze was found between the HFA 

and WS group. The HFA made frequent but shorter gazes while the WS group made 

infrequent eye contact, but of longer duration. Interestingly, the eye gaze behaviors of 

the TD group resembled the HFA group in terms of frequency and duration of eye 

contact. For facial expression, the WS and TD groups produced significantly more 

facial expressions than the HFA group. When we break down facial expressions by 

their valence, a clearer picture emerges as positive facial expressions are driving both 
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the WS and TD facial expression totals. The HFA group is producing only a third of 

the smiles that we observe in the WS and TD facial expressions. Based on their lack of 

facial expressions, the HFA group was also found to produce fewer co-occurrences of 

eye contact and facial expression. While the WS and TD groups were similar in their 

production of co-occurrences of eye contact and facial expression during the 

biographical interview. These differences were also apparent when comparing the 

Speaker/Listener role.  Children with WS follow the TD pattern (more gaze and facial 

expression while listening than speaking) while the behavior of the HFA group does 

not change across roles. Thus it appears that the WS group is more sensitive to the 

social rules of conversation than the children with HFA. Below, we will suggest what 

may be contributing to these social and affective communicative behaviors as we 

focus on one particular neuropeptide, oxytocin.   

Chapter 5 examined the PS group as their acquired brain insult at the beginning 

of life can help provide clues towards understanding the neural bases of social and 

affective behaviors. For language, the LHI group displayed a variable pattern of scores 

in the production of morphological errors. A few subjects inflated the group average 

while no difference was observed in their production of complex syntax. The RHI 

group did not differ on these two language measures when compared to their TD peers 

consistent with previous studies, and implying that early deficits have resolved.  

Next, nonverbal social and affective behaviors were examined to observe if 

school-age children continue to exhibit patterns resembling infants and kindergartners 

with PS, and adults with homologous lesions. Group differences were found, but the 

patterns of affective expressions were not consistent with the previous studies.  
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Children with RHI expressed positive emotion comparably to the LHI and TD groups. 

This result contrasts to the infant, kindergarten, and adult stroke literature where 

individuals with RHI have dampened positive affective expression. However, in the 

expression of negative facial expression, the children with RHI produced more 

negative expression than either the LHI or TD groups and these results are inline with 

both infants, young children, and adults with similar lesions. For the LHI group, facial 

expressions were inline with the TD group, a pattern observed previously with infants 

and adults with LHI. Taken together for affective expression, the RHI group profile is 

once again mixed. Lingering deficits are observed with negative expressions while a 

greater degree of development is observed with the production of positive affect as 

compared to infants and young children with PS. No deficits are observed for the LHI 

group with regards to affective expression as this group is expressing affect with the 

same frequency and manner as the TD group. Similar to the TD group, when we 

examine speaker/listener behaviors more non-verbal activity and expressivity were 

observed during the listening phase than the speaking phase, especially for eye 

contact. As such, it appears that children with either LHI or RHI have acquired the 

social conventions for conversational roles. Below, we will touch upon the notion of 

neuroplasticity and what may be occurring in the RHI children with regards to 

affective facial expression.  

 

Social Behavior in WS and HFA  

 Recent research has suggested that a particular neuropeptide, oxytocin, may 

play a contributing role in the social behaviors observed in individuals with ASD and 
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individuals with WS (Carter, 2014; Haas & Smith, 2015; Young & Barrett, 2015). In 

our studies, the social and affective profiles of these groups were relatively different. 

Broadly stated, children with HFA were hypo-social and children with WS were more 

social in our study. In this next section, oxytocin will be reviewed and will be 

suggested to play a contributing role in the social and affective profile of both children 

with ASD and children with WS.  

Oxytocin is a neuropeptide that has been found to play a role in social 

behaviors. In both animals and human studies, alterations of these neuropeptides have 

resulted in atypical social behaviors. For example, manipulations of these particular 

hormones in animals have strong and profound social consequences with great 

influences on: maternal behaviors in rodents and sheep, alloparental behaviors in 

rodents, pair bonding in voles, and social deficits in genetically altered knockout 

rodents (Carter, 2003; Ferguson, Aldag, Insel, & Young, 2001; Gingrich, Liu, Cascio, 

Wang, & Insel, 2000; Keverne & Kendrick, 1992; Pedersen, Caldwell, Walker, Ayers, 

& Mason, 1994; Pfeifer, Bales, & Carter, 2001; Wang, Yu, Cascio, Liu, Gingrich, & 

Insel, 1999; Winslow et al., 2000; Yu, Kaba, Okutani, Takahashi, & Higuchi, 1996).  

Within the last decade or so, oxytocin has been suggested to have an impact on 

human social cognition as well. Through the use of intranasal administrations of 

oxytocin in humans, trust and social cognition have been studied to see whether 

people are more likely to show pro-social behavior. In a study investigating 

intrapersonal trust during economic games, TD participants were found to trust their 

opponents more when given oxytocin (Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 

2005). Furthermore in a follow-up study, subjects taking oxytocin who had been 



	  

	  

331 

betrayed previously still maintained trust with their betrayers while subjects in the 

placebo condition decreased their trust once they had been betrayed (Baumgartner, 

Heinrichs, Vonlanthen, Fischbacher, & Fehr, 2008). Interactions with strangers have 

also been studied to observe whether TD individuals would alter their perception when 

intranasal oxytocin was applied. Increased ratings of facial trustworthiness and 

attractiveness of unfamiliar males and females were found for individuals of both 

genders when given oxytocin (Theodoridou, Rowe, Penton-Voak, & Rogers, 2009). In 

our study, we did observe atypical behaviors in both children with HFA and children 

with WS that were not expected as they interacted with the experimenter. Children in 

both groups asked questions during the conversation, while this behavior was a rarity 

in the TD population. The types of questions asked also reveals potentially interesting 

differences in these two groups. The WS children asked more personal questions to 

the experimenter, suggesting that maybe children in the WS group are more trusting of 

strangers, therefore feeling free to ask personal questions. Past studies have shown that 

individuals with WS are more willing to approach unfamiliar individuals. Bellugi and 

colleagues (1999) presented black-and-white photographs of unfamiliar adults (who 

previously had been rated on how approachable they appear by TD individuals) and 

asked if these individuals with WS were willing to approach and talk with the person 

in the photograph. Results indicated a positive bias in the WS group (mean age of 23 

years) when compared to the TD group (mean age of 25 years) as individuals with WS 

rated unfamiliar faces that were rated as positive by TD individuals as significantly 

more approachable than did controls (Bellugi, Adolphs, Cassady, & Chiles, 1999). 

Altered eye gaze behaviors have been found in individuals under the influence 
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of oxytocin. Guastella and colleagues (2008) found an enhanced effect recognizing 

happy facial expressions when participants where administered oxytocin nasally 

(Guastella, Mitchell, & Mathews, 2008). Importantly, the researchers hypothesized 

that the accuracy in identification is due to an increase in eye gaze to faces (Guastella, 

Mitchell, & Dadds, 2008). Guastella and colleagues (2008) tracked the eye 

movements of 52 adults viewing 24 neutral human faces. Participants taking intranasal 

oxytocin showed an increased amount of fixation and total gaze time towards the eye 

region of the face compared to participants on a placebo. These set of results in TD 

individuals under the influence of oxytocin are similar with those reported by Riby 

and colleagues for WS (Riby & Back, 2010; Riby & Hancock, 2008; 2009; Riby, et 

al., 2011) prolonged eye gaze towards the face, specifically toward the eye region. In 

our study, we observed a qualitative difference in the use of eye gaze between the 

HFA and WS groups. The HFA group made short but frequent eye contact, while the 

WS group had longer instances of eye contact, which occurred infrequently. The TD 

group resembled the HFA group in this context, suggesting the WS group is 

expressing atypical eye gaze patterns, a pattern that resembles Riby’s studies on WS.  

In many of these studies above examining the effects of oxytocin in TD 

individuals, results generally point to individuals being more pro-social. In our studies, 

results on various measures point to an overly social profile in individuals with WS 

(i.e., lots of smiles, use of social evaluations) and a hypo-social profile in children 

with HFA (i.e., lack of smiles, less socially expressive). These studies on TD 

individuals using intranasal oxytocin may suggest that individuals with WS have an 

overactive oxytocin system while the opposite is true for HFA, an underactive 
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oxytocin system. To assess if this notion is true, we now go over studies investigating 

the social behaviors of individuals with ASD and WS when under the influence of 

oxytocin.  

In an early study examining the relationship between ASD and oxytocin, 

plasma oxytocin levels were found to be decreased in individuals with ASD compared 

to TD controls. Developmentally, oxytocin levels increased with age in TD 

individuals, while the ASD group did not show this pattern, and the levels remained 

stable (Modahl et al., 1998). In another study examining the retention of social 

information, adults with ASD when infused with oxytocin were found to increase their 

recall abilities on an affective speech comprehension task (Hollander et al., 2007). 

These findings provide support that the oxytocin system may be dysregulated in 

individuals with ASD. Trust has also been examined with oxytocin in individuals with 

ASD. Andari and colleagues (2010) investigated 13 individuals with ASD after 

receiving intranasal oxytocin. They found that during a computer game individuals 

with ASD were more interactive and reported enhanced feelings of trust and 

preference. In addition, the duration of eye gaze increased, especially to the eye region 

of faces (Andari et al., 2010). Recently, eye contact has been examined in males with 

ASD. Auyeung and colleagues (2015) examined 32 males with ASD (mean age 36) 

and 34 TD males (mean age 32) as they interact with a researcher. Both groups made 

more eye contact with the experimenter when under the influence of oxytocin. This 

included both the number of fixations and the total fixation time. The greatest 

improvement came from the ASD individuals who showed the most impaired levels of 

eye contact at baseline. Gaze to the mouth and other regions did not differ between the 
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ASD and TD group and were not affected by oxytocin (Auyeung et al., 2015). In our 

study, the HFA children had similar eye gaze patterns as their TD peers. One potential 

explanation as to why there may be discrepancies in our data and data showing 

atypical eye gaze in ASD may be the groups themselves. The HFA group in our study 

is a higher functioning group than the overall ASD group. Many of the studies 

reporting on eye gaze behaviors do not distinguish subgroups within their ASD 

studies. Therefore, it is possible that our HFA group is able to function in a more 

socially appropriate manner with regards to eye gaze behaviors. However, the lack of 

change in gaze behavior from speaker to listener suggests that even this higher 

functioning group has subtly atypical social gaze. 

Few studies have been conducted to observe the effects of oxytocin in 

individuals with WS. Dai and colleagues (2012) examined individuals with WS as 

they engaged in a positive emotional intervention (music) and negative physical 

stressor (cold) as oxytocin and vasopressin levels were recorded. At baseline, both 

oxytocin and vasopressin were higher and both neuropeptides increased in response to 

music and the cold stressor compared to TD control. Thus, increases of both oxytocin 

and vasopressin are observed in regards to an emotional event in WS (Dai et al., 

2012). This particular result provides evidence that the neuropeptide system regulating 

oxytocin and vasopressin may be deficient in individuals with WS. This in turn may 

play a role in the hallmark feature of hyper-sociability and overly emotional in 

individuals with WS. Recently, two genes OXTR and AVPR1A have been examined 

in children with WS. OXTR and AVPR1A are both genes that influence the functions 

of oxytocin and vasopressin as they code for oxytocin and vasopressin (Kimura, 
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Tanizawa, Mori, Brownstein, & Okayama, 1992; Koshimizu et al., 2012). Haas and 

Smith (2015) suggest that OXTR and AVPR1A expression may be altered in WS. 

Examining 8 individuals with WS (mean age 4.87 years) and 9 TD controls (mean age 

4.77 years), the authors found greater expression of OXTR in the WS group. AVPR1A 

was also higher in the WS group but did not reach statistical significance.  

Taken together, these studies suggest that oxytocin may be dysregulated in 

HFA and WS and contributes to their unique social and communicative phenotype. 

These two hormones are required for normal social interactions, whereas a breakdown 

somewhere along the pathway, either an under-expression or over-expression of the 

hormones, will result in abnormal social behaviors. It has been suggested that oxytocin 

is lowered in individuals with ASD relative to typically developing individuals, and 

oxytocin is higher than normal in individuals with WS. However, more research is 

needed to confirm this hypothesis; it will be important to contrast both ASD and WS 

groups under the same experimental conditions. Integrating oxytocin may also have 

practical clinical value if it is found that oxytocin is dysregulated in individuals with 

HFA or WS. Potential uses of oxytocin or its antagonist may provide an equilibrium if 

oxytocin is under-expressed or over-expressed in the brains of these individuals. 

 

Neuroplasticity and Social Emotional Behavior in PS 

Empirical studies have found that an early brain injury would lead to more 

favorable outcomes than a similar injury occurring later in life (Basser, 1962; Bates et 

al., 2001; Lenneberg, 1967; Reilly, Levine, Nass, & Stiles, 2008; Stiles, Reilly, 

Levine, Trauner & Nass, 2012). Such results are generally attributed to 
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neuroplasticity, the developing brain’s ability to flexibly adapt and reorganize (Cao, 

Vikingstad, Huttenlocher, Towle, & Levin, 1994; Chu, Huttenlocher, Levin, & Towle, 

2000; Kirton & Deveber, 2006, Stiles et al., 2012). Investigating the behavior and 

brain structures of children with PS, relative to TD children and adults with right and 

left hemisphere strokes, provides an opportunity to investigate the extent and 

limitations of neural plasticity within and across communicative systems.  

In our study, group differences were found for emotional expression, as school 

age children with RHI are just as expressive in their use of positive facial expressions 

as their LHI and TD peers. This pattern contrasts with previous studies in infants, 

younger children with PS, and adults with homologous lesions. What might account 

for these changes? Our first thought was that as TD children age, they may be less 

expressive in their production of facial expressions. If this is the case, there may be a 

time when these two groups intersect as the TD group decrease in their production of 

facial expression to the same level as the RHI group. However, in examining the 

production of facial expression in TD children across multiple age ranges, results 

suggest a steady and flat rate of expression. Therefore, it is not that the TD group 

decrease their facial expressions as they age, rather, it is that the RHI group is 

producing more facial expressions as they age. Another possibility that explain these 

findings is development. Evidence of development has been observed in children with 

PS across multiple domains. In visual spatial cognition, an area of early deficits in 

children with PS, improve as children age. Akshoomoff and colleagues (2002) 

examining children’s construction of the Rey Osterrieth Complex Figure (Rey-O; 

Osterrieth, 1944; Rey, 1941), found improvement as children age. At age 6, children 
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with PS performed poorly when compared to their TD peers regardless of lesion side. 

But at age 10, copying of the figure was now accurate in the PS group, although a 

different strategy was taken to complete the task (Akshoomoff et al., 2002). 

 Thus the increased positive expression in the school age RHI group suggests 

that children with RHI continue to develop and have, for the most part, caught up to 

their LHI and TD peers on expressive behaviors. However, in considering negative 

facial expression, we still see persistent subtle deficits, as the RHI children are still 

overwhelmingly producing more negative facial expression compared to either the 

LHI and TD groups. Taken together for affective expression, the RHI group profile is 

once again mixed. Lingering deficits are observed with negative expressions while a 

greater degree of development is observed with the production of positive affect as 

compared to infants and younger children with PS. No deficits are observed for the 

LHI group with regards to affective expression as this group is expressing affect in the 

same amount and manner as the TD group. 

 

Limitations and Future Directions 

Limitations with these studies include the lack of video data from the 

experimenter, the single context of investigation, its cross-sectional nature, and small 

sample size. Although the experimenters were following a script, their responses may 

influence the way the children responded to the question, but this is the nature of a 

conversation, each turn is adapted to their interlocutor’s previous utterance. Future 

studies would benefit from several discourse contexts. In particular to assess negative 

emotions and expressions, questions can be directed towards negative situations or 
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experiences. Because our study is cross-sectional, we cannot predict how these 

children will fare as they develop. Future research can address the developmental 

aspect of social behaviors by conducting longitudinal follow-up studies. The sample in 

our study is small and participants in our various groups are fairly heterogeneous, 

future studies should add more participants and potentially select participants based on 

skill level. For example, if conducting a language study, participants are matched on 

verbal IQ.  

 

Conclusion 

Since all communication is inherently social, individuals with social deficits go 

throughout life with impairments. These studies make a significant contribution 

toward understanding the interrelationships of the social and affective components of 

communication in school-age children. This dissertation captures sociability and 

affective communication in different contexts as children converse with an adult 

during a social engagement. These results add to our comprehensive picture of how 

children at school-age communicate with an adult and provide some insight into their 

neural and bio-chemical underpinnings. Finally, investigating the different aspects that 

make up one’s social communicative phenotype is the first step in designing better-

informed treatment methods in the future. 
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