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ABSTRACT 

Social cognition is a broad construct that refers to the fundamental abilities to perceive, 

store, analyze, process, categorize, reason with, and behave towards other conspecifics 

(Pelphrey & Carter, 2008).  Two important aspects of social cognition are the ability to 

perceive and interpret body movements (biological motion perception) and the ability to 

infer the mental states of others (theory of mind reasoning) (Allison, Puce & McCarthy, 

2000).  In my thesis, these and other aspects of social cognition are explored in a group 

known to be at high risk for poor social outcomes, namely children born prematurely at 

very low birth weight (VLBW: < 1500 grams).  Results showed that 8-11 year old VLBW 

children had difficulties processing both realistic and stylized life motion displays.  These 

impairments were associated with increased evidence of autistic-like traits.  Finally, poor 

performance on tests requiring life motion perception was linked to complications related 

to premature birth.  These results could inform the development of screening, diagnostic, 

and intervention tools. 
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CHAPTER 1 - GENERAL INTRODUCTION 

Over the last 20 years, there has been a steady rise in the number of children in 

the population who have a history of preterm birth (Joseph, Allen, Dodds, Vincer, & 

Armson, 2001a; Joseph et al., 2001b; World Health Organization, 2012), defined as 

delivery before 37 weeks of gestation.  By recent estimates, the rate of premature birth in 

Canada is now at 8.1% (Canadian Institute for Health Information, 2009).  Joseph et al. 

(1998) suggested that the rise in preterm birth can be attributed to increased rates of 

multiple birth, improved obstetrical care, and changes in the way that gestational age is 

estimated by ultrasound.  Several factors have been associated with increased risk for 

preterm birth, including demographic, psychosocial, genetic, and environmental factors, 

factors related to the mothers’ obstetric history and prenatal care, and medical 

complications during pregnancy (for review, see Berkowitz & Papiernik, 1993).  

Complications of prematurity account for 75% of all perinatal mortality in Canada 

(Silins et al., 1985), and mortality rates increase as birth weight and gestational age 

decrease (Stevenson et al., 1998).  However, enhanced management of high risk 

pregnancies and advances in medical care, such as improved mechanical ventilation and 

the use of exogenous surfactants to aid in respiration, have resulted in increased survival 

rates for those born at the youngest gestational ages (Allen, Donohue, & Dusman, 1993; 

Hoekstra, Ferrara, Couser, Payne, & Connett, 2004; Horbar, Wright, & Onstad, 1993; 

Schwartz, Luby, Scanlon, & Kellogg, 1994).  

Survivors of preterm birth are often classified according to whether they were low 

birth weight (LBW: <2500 g), very low birth weight (VLBW: <1500 grams), or 

extremely low birth weight (ELBW: <1000 grams).  The care of these children is 
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extremely costly.  In fact, the in-hospital costs are approximately 11 times higher for a 

low-birth-weight baby compared to a baby born at term (Canadian Institute for Health 

Information, 2009).  Of great concern is the fact that the smallest of these babies are 

being born during a period in which their brains are still in a very early stage of 

development.  At 28 weeks gestation, for example, the cortical volume of the brain of the 

child born preterm is only 13% of that of a child born at term (Hüppi et al., 1998).  The 

weight of the neonatal brain increases by 90% during weeks 20-40 of gestation (Guihard-

Costa & Larroche, 1990).  This period marks a time when the brain is particularly 

vulnerable, as dramatic changes associated with the maturation of the cerebral gray and 

white matter are occurring -- including development of gyri and sulci, and major 

developments of neurons and glia at the cellular and molecular level (for review, see 

Kinney, 2006). 

The neonatal brain is susceptible to many forms of insults which, in addition to 

their primary effects, can alter the subsequent development of grey and white matter 

(Hüppi et al., 1998).  According to MRI studies, the majority of infants born preterm 

show some evidence of brain injury (Maalouf et al., 1999).  The various kinds of brain 

injury include infective, ischaemic, and inflammatory insults (Counsell, Rutherford, 

Cowan, & Edwards, 2003a).  Common brain injuries include (a) germinal 

matrix/intraventricular haemorrhage (IVH), which is a hemorrhagic injury resulting from 

rupture of fragile blood vessels in tissue near the ventricles, (b) periventricular 

leukomalacia (PVL), which is a hypoxic injury that results from lack of oxygen to the 

white matter surrounding the ventricles, and (c) diffuse white matter injury (DWMI), in 

which one sees alterations in maturation of the white matter and a disruption of cortical 
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organization and/or myelination.  Research has shown that the former two types of brain 

injuries are on the decline, and that DWMI is the most common type of brain injury seen 

in children born preterm (Counsell et al., 2003a; Heuchan, Evans, Smart, & Simpson, 

2002).  Indeed, it is estimated that 20-50% of children born very preterm have DWMI, 

compared to 3-11% with IVH and 3-9% with PVL (Horsch et al., 2007; Larroque et al., 

2003; Volpe, 2003).  In one recent study, abnormalities in white matter were found in up 

to 68% of children born very prematurely (Back, 2006; Counsell et al., 2003b).  The 

areas most vulnerable to DWMI are in the periventricular region (Counsell et al., 2003a).  

Survivors of very premature birth are at risk for a variety of adverse, long-term 

consequences including medical disabilities such as cerebral palsy, blindness or low 

vision, hearing loss, and epilepsy (Moster, Lie, & Markestad, 2008; Wood, Marlow, 

Costeloe, Gibson, & Wilkinson, 2000).  Interestingly, even those who escape severe 

disability often score lower on tests of intelligence than full-term peers (Johnson, 2007).  

Children born very prematurely are also at heightened risk to experience difficulties on 

measures of academic performance (reading, spelling, and mathematics), executive 

function, working memory, and both expressive and receptive language (Aarnoudse-

Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009; Anderson & Doyle, 

2003; Foster-Cohen, Edgin, Champion, & Woodward, 2007; Gallagher & Watkin, 1998; 

Hutchinson, De Luca, Doyle, Roberts, & Anderson, 2013; Johnson, 2007; Luciana, 

Lindeke, Georgieff, Mills, & Nelson, 1999; Luu, Ment, Allan, Schneider, & Vohr, 2011; 

Saigal et al., 2003a).  

Of particular relevance for this thesis is the fact that children born very 

prematurely are at increased risk for social, emotional and behavioral problems.  Not only 
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do they display more internalizing problems (Aarnoudse-Moens et al., 2009; Bhutta, 

Cleves, Casey, Cradock, & Anand, 2002; Dahl et al., 2006; Farooqi, Hagglof, Sedin, 

Gothefors, & Serenius, 2007; Johnson, 2007) and experience more social rejection and 

lower self-esteem (Rickards, Kelly, Doyle, & Callanan, 2001) than their full-term peers, 

but they also have a higher rate of psychiatric disorders, such as attention deficit 

hyperactivity disorder (ADHD) (Johnson, 2007; Nosarti et al., 2012).  In adolescents born 

at VLBW an association has been found between psychiatric problems and variables such 

as low birth weight, lower gestational age, and the presence of IVH (Indredavik et al., 

2010).  

In addition, there is growing support for a connection between autism spectrum 

disorders (ASDs) and preterm birth (Buchmayer et al., 2009; Burd, Severud, Kerbeshian, 

& Klug, 1999; Eaton, Mortensen, Thomsen, & Frydenberg, 2001; Hack et al., 2009; 

Hultman, Sparen, & Cnattingius, 2002; Indredavik et al., 2010; Johnson et al., 2010; 

Johnson & Marlow, 2009; Kolevzon, Gross, & Reichenberg, 2007; Kuban et al., 2009; 

Lampi et al., 2012; Limperopoulos et al., 2008; Maimburg & Væth, 2006; Pinto-Martin et 

al., 2011; Stephens et al., 2012).  Matsuishi et al. (1999) found that the incidence of ASD 

is higher in neonatal intensive care unit survivors than in the general population.  

Unfortunately, no consistent pattern of perinatal and prenatal risk factors has been 

identified for ASDs (Hultman et al., 2002; Nelson, 1991).  Despite this, many factors 

have been associated with a higher incidence of autistic-like traits, including 

characteristics of the mother (e.g., maternal birth outside of Europe and North America, 

maternal age, daily smoking), factors associated with the pregnancy and delivery (e.g., 

gravidity, multiple pregnancies, pregnancies complicated by hypertensive disease or 
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bleeding, and caesarean or vaginal breech delivery), and infant characteristics (e.g., fetal 

distress, length of hospital stay, gender, low Apgar score, congenital malformations, 

abnormal findings in brain imaging, being small for gestational age, and -- of greatest 

relevance to the current study -- birth weight and gestational age) (Eaton et al., 2001; 

Glasson et al., 2004; Hultman et al., 2002; Juul-Dam, Townsend, & Courchesne, 2001; 

Indredavik et al., 2010).     

Recent research suggests that up to 21-26% of very premature children screen 

positively for autistic-like traits (Kuban et al., 2009; Limperoloulos et al., 2008).  

However, these statistics come from studies utilizing autism screening measures, which 

can produce a high rate of false positives (Stephens et al., 2012).  When formal diagnostic 

criteria have been used, the risk of a child born weighing < 2000 g receiving a diagnosis 

of ASD is five times higher than the risk seen in the general population (Pinto-Martin et 

al., 2011).  It is important to note, however, that some suggest that the causal pathway 

leading to the “autistic phenotype” in children born preterm may be slightly different 

from that seen in full-term children with ASDs (Johnson & Marlow, 2011).  Indeed, some 

authors are careful to describe the clinical presentation in children born preterm as an “… 

atypical social-behavioral profile strongly suggestive of an autism spectrum disorder” 

(Limperopoulos, 2009, p. 792).  Johnson and Marlow (2011, p. 11R) referred to “… a 

‘preterm behavioral phenotype’ characterized by an increased risk for symptoms and 

disorders associated with inattention, anxiety and social difficulties.” 

Given the dramatically elevated incidence of social difficulties and other autistic-

like features seen in children born preterm, it is imperative that further investigations take 

place to explore the underlying core deficits that may contribute to poor social outcomes 
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in this high-risk population.  The main aim of the research described in this dissertation is 

to contribute to the emerging literature on this topic.  Before describing the research, I 

would like to provide some general background relating to current conceptualizations of, 

and current approaches to the assessment of, social competence and social cognition.   

Social Competence 

Social competence is critical for the formation of lasting relationships and an 

important determinant of social outcomes, more broadly defined (Cacioppo, 2002).  It is a 

construct readily understood by clinicians and the lay public.  In research, however, the 

construct is not always clearly operationalized.  Many different definitions of social 

competence exist (Bierman & Welsh, 2000; Dodge, 1985; Hubbard & Coie, 1994; Rose-

Krasnor, 1997; Waters & Sroufe 1983; Yeates & Selman, 1989).  Some proposed 

definitions focus on behavior related to successful functioning (Howes, 1987), 

effectiveness in social interactions (Rose-Krasnor, 1997), or the development of social-

cognitive skills and knowledge (Yeates & Selman, 1989).  A recent definition of social 

competence proposed by Semrud-Clikeman (2007) is the ability of an individual to take 

another person’s perspective, to learn from experience, and to utilize this learning in daily 

social interactions.   

Part of the difficulty in defining social competence comes from the fact that it is a 

complex and multidimensional construct.  It consists of social, emotional, behavioral and 

cognitive skills (for review, see Semrud-Clikeman, 2007).  In addition, this concept 

frequently includes other constructs such as social skills, social communication and 

interpersonal communication.  Socially competent behaviors vary with situation and 

interactional partner.  Thus, for example, behaviors appropriate for one setting may not 
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be appropriate for another.  Socially competent behavior may also differ depending on 

characteristics of the individuals involved, such as their age or gender.  Finally, when 

defining social competence one must consider the context for understanding social 

interaction (i.e., culture, relationships, timing, perceptions, integration, and behaviors 

involved in social relationships).  

Although definitions of social competence vary, most would agree that the 

defining feature of social competence is social success (Rose-Krasnor, 1997).  The skills 

necessary for social competence develop at various time points, and build on previously 

learned skills and knowledge (Semrud-Clikeman, 2007).  A breakdown of any of these 

skills at any point can result in a ripple effect that will affect subsequent development.  

Difficulties in social competence can have long-lasting effects on an individual.  

Specifically, having limited social competence has been associated with mental and 

physical health problems (Spitzberg, 2003).  As a result, early detection and intervention 

are important to minimize the impact of poor social skills.  

The assessment of social competence is not straightforward (Semrud-Clikeman, 

2007).  According to Hayes and Sharif (2009), the most common clinical questionnaires 

used in its assessment include the Child Behavior Checklist (Achenbach, 1991), the 

Behavioral Assessment System for Children (BASC; Reynolds & Kamphaus, 1998) and 

the Strengths and Difficulties Questionnaire (Goodman, 1997).  These measures are 

beneficial in quantifying long-term outcomes.  However, exclusive use of self-report and 

questionnaire-style measures provides an incomplete picture of the child.  Specifically, it 

does not establish the nature of the problem, and can provide a potentially misleading 

assessment of social competence (Foster & Ritchey, 1979; Perrin, Stein, & Drotar, 1991; 



SOCIAL COGNITION IN PRETERM CHILDREN 

 

8 

Sattler & Hoge, 2006; Semrud-Clikeman, 2007).  For example, when used with children 

who have a chronic illness, the Child Behavior Checklist has limited sensitivity to mild 

adjustment problems, and may lead to a possible bias when interpreting physical 

symptoms experienced by this population (Perrin et al., 1991).   

Because of these difficulties, Semrud-Clikeman (2007) argued that a 

comprehensive assessment of emotional, behavioral, and social outcomes should include 

a multimodal, multi-method, and multi-source approach (Semrud-Clikeman, 2007).  Such 

an approach is particularly important given that even children with appropriate social 

skills do not always respond effectively across situations, and do not always show similar 

behaviors in the school, home, and neighbourhood.  In addition to gathering information 

through clinical interviews and questionnaires, clinicians and researchers should strive, 

wherever possible, to assess social skills in real-life (through direct observation), and 

through direct assessment of a child's social cognitive/perceptual skills.  Having these 

multiple sources of information will help examiners gain a better appreciation for how a 

given child is functioning in social environments. 

Social Cognition 

Beginning in the 1980s, research has shown a relationship between measures of 

social competence and social cognition (Ford, 1982; Pellegrini, 1985).  Social cognition 

is a broad construct that refers to the fundamental abilities to perceive, store, analyze, 

process, categorize, reason with, and behave towards other conspecifics (Pelphrey & 

Carter, 2008).  One aspect of social cognition is social perception.  Social perception 

refers to the initial stages of information processing involved in social cognition that 

result in accurate evaluation of others’ dispositions and intentions (Allison et al., 2000).    
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In 1986, Dodge proposed a model of social competence using a social-

information-processing approach.  It was based on the idea that the study of maladaptive 

behavior should involve an examination of cognitive processes.  In the most recent 

version of this model, the authors suggested six steps that an individual undergoes in 

order to process and respond to a social situation (Crick & Dodge, 1994).  The first four 

steps involve encoding the relevant social cues, interpreting those cues, determining what 

one wants to achieve from the interaction, and determining how the interaction compares 

to past experiences.  The final two steps involve selecting a response and evaluating its 

effectiveness.  Maladaptive social behavior can result from impairments at any step -- 

even in the earliest stages in which social perceptual cues are encoded. 

Successful encoding requires the ability to selectively attend to and extract verbal 

and nonverbal cues relevant to a situation (Allison et al., 2000; Archer & Akert, 1977; 

Doble & Magill-Evans, 1992; Fichten, Tagalakis, Judd, Wright, & Amsel, 1992; 

McDonald et al., 2006).  Of particular relevance to the present research are nonverbal 

cues such as facial expressions, gestures, and prosodic vocal cues.  Much of the research 

on nonverbal social cues has examined these cues separately, and has involved the use of 

static stimuli that do not specify the situational context (Chan, 2009; Cheal & Rutherford, 

2011; Grossman, 2010; Little, Jones, & DeBruine, 2011; Mosconi, Mack, McCarthy, & 

Pelphrey, 2005; Nowicki & Duke, 1994; Sauter, Panattoni, & Happé, 2013).  As such, it 

is difficult to know how well the findings from these studies reflect the ability to process 

cues available in real-life social situations.  It is important to remember that during 

naturalistic social interactions people’s faces and bodies move.  Having these dynamic 

cues available can be beneficial (e.g., Ambadar, Schooler, & Cohn, 2005; Fiorentini & 
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Viviani, 2011; Lander, Christie, & Bruce, 1999).  It is important for researchers to extend 

work on social perception by studying children’s ability to process and interpret “life 

motion,” broadly defined.   

Troje (2013) has recently provided an overview of the types of displays that have 

been used in research into the perception of life motion.  These have varied from displays 

that are realistic (live action, or depictions of same in video/film or computer 

animations), to ones that are degraded and stylized (see Figure 1.1).  Through the use of 

stylized displays, researchers have attempted to isolate variables that contribute to life 

motion perception in a way that is not possible with realistic stimuli.  Troje describes two 

general categories of stylized displays.  First are displays featuring the movements of one 

or more objects which signal, to typical viewers, characteristics of agency or 

intentionality (“extrinsic” stylized life motion).  Examples are the “animate motion” 

displays first introduced by Heider and Simmel (1944).  The second type of stylized 

displays are those depicting non-rigid movements of humans or other animals (“intrinsic” 

stylized life motion).  Examples include moving stick figures and the biological motion 

displays (point-light walkers) popularized by Johansson (1973). 

Jones et al. (2011) have shown relationships between the processing of different 

kinds of life motion.  These researchers found that, in adolescents with and without 

ASDs, lower thresholds for the detection of motion-mediated body structure in masked 

point-light displays were seen in individuals who used more mental state words to 

describe Theory of Mind (ToM) animations in the Frith-Happé Animated Triangles test 

(an adapted version of the Heider and Simmel test).  This observation fits with the  
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Figure 1.1 Experimental paradigms used to investigate perception of life motion. 
Reprinted from Social perception: Detection and interpretation of animacy, agency, and 
intention, Troje, N. F. (2013). What is biological motion?: Definition, stimuli and 
paradigms. In M. D. Rutherford, & V. A. Kuhlmeier, (Eds.), pp. 13-37, with permission 
from MIT Press. 
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suggestion that life motion perception is a precursor to higher-order processes involved in 

ToM reasoning (Allison et al., 2000; Frith & Frith, 2003), which allows us to attribute 

beliefs, intentions and desires to ourselves and others (Premack & Woodruff, 1978).  In 

typical development, ToM, or mentalizing, abilities significantly increase between the 

ages of three to five years, and continue to develop and be refined over time (Flavell, 

2004; Perner & Lang, 1999; Perner & Wimmer, 1985; Walper & Valtin, 1992).  

Impairments in these abilities have been found in individuals with ASDs, schizophrenia, 

traumatic brain injury and various forms of dementia (Baron-Cohen, Leslie, & Frith, 

1985; Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997a; Bibby & McDonald, 2005; 

Brune, 2005; Gregory et al., 2002).  

The Present Study 

Studying deficits in social perception and cognition in groups characterized by 

problems in social functioning may increase our understanding of these important 

processes, and help us to fine-tune our assessment and intervention efforts.  Despite the 

importance of this research, to date there has been limited research examining social 

perception and cognition in children born at VLBW -- a group known to be at high risk 

for social problems.  The main goal of the present research was to fill this gap. 

An increasing amount of research is examining the neural bases of social 

cognition and social perception.  This work suggests that specialized brain processes are 

involved in various aspects of these skills.  Key brain areas that have been implicated 

include the lateral fusiform gyrus, amygdala, extrastriate body area, orbitofrontal cortex, 

medial prefrontal cortex, and posterior superior temporal sulcus (for review see, Pelphrey 

& Carter, 2008).  Of particular interest for my dissertation is research showing that 
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abnormalities in one of these areas -- the superior temporal sulcus -- have been found in 

both children with ASD (Pelphery & Carter, 2008; Zilbovicius et al., 2006) and those 

born very prematurely (Dubois et al., 2008; Zubiaurre-Elorza et al., 2009).  This area is 

known to be involved in the perceptual analysis of many different kinds of social stimuli 

(including static images of the face and body, and movements of the eyes, mouth and 

hands), and in mentalizing (Adolphs, 2003; Allison et al., 2000; Pelphrey & Carter, 2008; 

Wright, Pelphery, Allison, McKeown, & McCarthy, 2003).  Given the evidence of 

atypical morphology in this area in children born preterm, one might expect to find that 

they would show impairments in these aspects of social perception and cognition.  

The results of several recent studies suggest that children born very prematurely 

have problems with both face recognition and emotion recognition that could reflect the 

effects of damage to or atypical development in parts of the social brain.  Fazzi et al. 

(2009) found that 18% of their sample of children born very preterm had impaired face 

recognition abilities.  Potharst et al. (2013) reported problems with both face and emotion 

recognition in children born very preterm.  In addition, Wocadlo and Rieger (2006) found 

that children born preterm who had problems recognizing facial expressions were more 

likely to have parent-reported social skills deficits.  In other work, Olivieri et al. (2012) 

found that children born at ELBW showed impaired affect recognition and ToM 

reasoning on a normed neuropsychological assessment tool.  Hood (2009) also identified 

subtle problems with ToM reasoning in four-year-old children born very prematurely, 

although in this case the differences between full-term and preterm children were not 

statistically significant.  Despite these interesting results, in several cases (Fazzi et al., 

2009; Wocadlo & Rieger 2006), the absence of a control group or normative data limited 
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the conclusions that could be drawn.  Another key limitation of all of these studies was 

their utilization of static photographs or line drawings.  

Only a handful of studies have used dynamic stimuli to explore social perceptual 

processing in children born preterm.  Several investigators have used realistic displays to 

assess infants’ responses to moving faces.  In early work, Field (1979) examined the 

looking behaviors of preterm and full-term infants as they viewed their mother’s face 

(moving spontaneously, or imitating the infant’s facial expressions), a rigidly moving 

doll’s face, and a still doll’s face.  In both groups, viewing times were longest when they 

viewed the static doll’s face, followed by the moving doll’s face, the mother’s imitative 

movements, and finally the mother’s spontaneous facial movements.  However, preterm 

infants spent less time looking at their mother’s spontaneously moving face than full-term 

infants did, and showed higher arousal levels during this condition, suggesting that they 

had more difficulty modulating their arousal levels and/or processing dynamic face 

information.  In related research, Hsu and Jeng (2007) compared the responses of two-

month-old Taiwanese infants with birthweights falling below 2000 g to those of full-term 

controls as the infants underwent the maternal “still face” procedure.  In this procedure, a 

parent suddenly stops interacting with their infant and looks away for a short period.  

Both the infant’s reaction to the parent’s withdrawal of attention and changes in the 

infant’s behavior when interaction resumes are studied.  In the Hsu and Jeng study, the 

authors reported that preterm infants became distressed faster, and remained in a negative 

affective state longer, than full-term infants did when their mothers stopped interacting 

with them.  In other work using the still face paradigm, Segal et al. (1995) reported that 

seven-month-old preterm infants exhibited fewer big smiles than term infants during 
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baseline testing, and showed a less pronounced decrease in big smiles during the still face 

phase of testing.  Together, these results suggest that, even in infancy, preterm children 

respond differently to dynamic social cues than their full-term peers do.  

The only other investigations that have explored aspects of life motion perception 

in preterm children are a series of studies utilizing stylized, biological motion displays 

(e.g., Pavlova et al., 2005; Taylor, Jakobson, Lewis, & Maurer, 2009).  While the results 

of theses studies suggest that children born very prematurely have impaired biological 

motion perception, it is important to note that, in all of this work, only the ability to 

extract motion-mediated cues to global body structure was assessed.  Other aspects of 

biological motion perception -- including the ability to extract important invariants from 

local biological motion cues, the ability to identify particular actions, and the ability to 

recognize individuals based on their unique movement styles -- have yet to be examined 

in children born prematurely.   

Given the findings described above, the purpose of the current study was to use a 

multi-method and multi-sourced approach (i.e., direct assessment of social cognitive and 

perceptual skills, combined with parent report measures) to assess the social competence 

of a group of 8-to 11-year-old children born very prematurely.  In three experiments, I 

investigated the effects of prematurity and associated complications on the processing of 

life motion in realistic displays (Chapter 2), in extrinsic stylized (animate motion) 

displays (Chapter 3), and in intrinsic stylized displays depicting either point-light walkers 

or moving stick figures (Chapter 4).  I used dynamic stimuli to more accurately mimic 

real life demands.  In each case, I investigated relationships between deficits in life 

motion perception and both social outcomes and autistic-like traits, as reported by 
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parents.  To remedy limitations in Wocadlo and Rieger (2006), a control group of full-

term children was included to allow me to document impairments in my preterm sample.  

Overall, I hypothesize that children born at low birth weight will have impaired abilities 

to process all three aspects of life motion perception.   

The data for all three studies were collected from the same group of participants 

during a single testing session that lasted approximately two hours (with a small 

reduction in sample size in the work described in Chapter 4, due to missing data resulting 

from computer error)1.  The battery of tests included several screening measures: three 

visual screening measures (used to assess visual acuity, stereoacuity, and fusion); a letter 

cancellation task (used to assess processing speed/visual attention); the Peabody Picture 

Vocabulary Test - Fourth Edition (PPVT-4, Dunn & Dunn, 2007) (used to estimate 

verbal intelligence).  In addition, parents provided demographic information (through a 

general information questionnaire), and completed two rating scales that provided 

measures of their children’s social/behavioural outcomes (including the number of 

autistic-like traits they displayed), namely, the Autism Spectrum Quotient - Child Edition 

                                                
1 The work described in Chapters 2-4 has already been accepted or submitted for 
publication, in slightly modified forms.  The study described in Chapter 2 was accepted 
for publication in the Journal of Child Psychology and Psychiatry, and the study 
described in Chapter 3 was accepted for publication in Development and 
Psychopathology.  Permission to include the modified versions of the manuscripts in my 
thesis was obtained from Wiley Journals via RightsLink ® and Cambridge University 
Press. Both of these papers are co-authored by my advisor, Dr. Lorna Jakobson, who 
provided advice on the study design and analysis, and played a role in editing the 
manuscripts.  A manuscript based on the work described in Chapter 4 is currently under 
review for the journal Child Neuropsychology.  In addition to Dr. Jakobson and me, this 
paper was co-authored by Dr. Nikolaus Troje (Queen’s University) and Dr. Daniel 
Saunders (Harvard University).  Dr. Saunders developed the biological motion test 
battery that was used in the experiment while he was a graduate student in Dr. Troje’s 
laboratory.  Both Dr. Saunders and Dr. Troje provided feedback on an earlier draft of the 
manuscript.  
!
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(Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) and the Behavior Assessment 

for Children - Second Edition (Reynolds & Kamphaus, 2004).  All of these measures are 

described in detail in Chapter 2.  In addition, participating children also completed 

several experimental measures.  In Chapter 2, I describe results of testing with the Child 

Adolescent Social Perception Measure (CASP; Magill-Evans, Koning, Cameron-Sadava, 

& Manyk, 1995).  In Chapter 3, I describe the results of testing with the Animated 

Triangles task (Abell, Happé, & Frith, 2000; Castelli, Happé, Frith & Frith, 2000).  

Finally, in Chapter 4, I describe the results of testing on a biological motion perception 

test battery comprised of four subtests (Saunders, 2011).   

Each child was tested individually.  After informed consent was obtained, the 

child’s parent completed the previously mentioned questionnaires in one room, while the 

child completed the test battery in another.  All participating children first completed the 

visual screening measures, followed by the cancellation task.  The order of administration 

for the remaining measures was counterbalanced, with the exception that the subtests 

comprising the biological motion test battery were always administered in the following 

order: Detection, Direction, Action, and Identity (see Chapter 4 for details).  Short rest 

breaks were inserted between tests to prevent fatigue.  The majority of the children 

completed the experiment in a single two-hour testing period.  The exception was one 

preterm male who completed the CASP during a second testing session.  All families 

received an honorarium of $40 in appreciation of their time and research contribution.    

This dissertation was written using the “sandwich method” in which each chapter 

is presented as a stand-alone paper.  As such, there is some redundancy in the information 

provided across chapters.   
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CHAPTER 2 - SOCIAL PERCEPTION IN CHILDREN BORN AT 

VERY LOW BIRTH WEIGHT AND ITS RELATIONSHIP TO 

SOCIAL/BEHAVIOURAL OUTCOMES 

Recently, there has been an increase in research examining emotional, behavioral, 

and social outcomes in children born prematurely at VLBW.  Much of this work has 

relied on questionnaires, and while the findings generally suggest that very preterm birth 

is associated with problems in these areas, the results are somewhat mixed.  In some 

studies utilizing self-report measures, children born prematurely and full-term peers have 

reported similar levels of attention deficit and hyperactivity disorder (ADHD), 

depression, delinquency/conduct disorder, low-self-esteem, and impaired peer 

relationships (Dahl et al., 2006; Gardner et al., 2004; Hack et al., 2005; Saigal et al., 

2003b), while in others children born preterm have reported higher rates of emotional 

problems and depression, reduced competence in scholastic, athletic, and employment 

situations, and a lack of self-confidence in the context of romantic partnerships (Farooqi 

et al., 2007; Gardner et al., 2004; Grunau, Whitefield, & Fay, 2004).  A more consistent 

pattern is seen in studies utilizing parent and teacher reports.  Here, very premature birth 

has been associated with higher rates of internalizing problems (anxiety, depression, 

withdrawal, and somatization problems), externalizing problems (particularly attention 

problems), and peer/social problems (Dahl et al., 2006; Delobel-Ayoub et al., 2009; 

Farooqi et al., 2007; Gardner et al., 2004; Gray, Indurkhya, & McCormick, 2004; Grunau 

et al., 2004; Reijneveld et al., 2006; Saigal et al., 2003b).   

In addition, a growing body of literature suggests an increased incidence of 

autistic-like traits in children born prematurely compared to full-term controls (e.g., 
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Eaton et al., 2001; Hultman et al., 2002; Indredavik, et al., 2010; Johnson et al., 2010; 

Johnson & Marlow, 2009; Kuban et al., 2009; Lampi et al., 2012; Maimburg & Væth, 

2006; Pinto-Martin et al., 2011; Stephens et al., 2012).  Indeed, Pinto-Martin et al. (2011) 

suggested that there is a 5% prevalence rate of ASD within children born weighing less 

than 2000 g -- a rate approximately five times higher than that seen in the general 

population.  While it is still unclear what underlies this increased risk, a range of maternal 

and perinatal/neonatal risk factors have been implicated (Buchmayer et al., 2009; 

Gardner, Spiegelman, & Buka, 2009; Glasson et al., 2004; Limperopoulos et al., 2008).   

It is important for researchers, clinicians, and educators to understand the core 

deficits that underlie impaired the social difficulties, and other “autistic-like” symptoms, 

displayed by certain children born preterm.  In this regard, an obvious candidate is an 

impairment in social perception -- the initial stage where information needed to assess 

another person’s mental state or intentions is received, processed and interpreted (Allison 

et al., 2000).  Social perception involves the ability to selectively attend to (Doble & 

Magill-Evans, 1992) and extract those verbal and nonverbal social cues most relevant in 

the current situation (Archer & Akert, 1977; Fichten, Tagalakis, Judd, Wright, & Amsel, 

2001; McDonald, Bornhofen, Shum, Long, Saunders, & Neulinger, 2006).  If an 

individual is unable to process and interpret these cues accurately, difficulties may arise.  

Indeed, research supports a link between social perceptual skills and social competence 

(Blanck, Buck, & Rosenthal, 1986; Custrini & Feldman, 1989; Feldman, White, & 

Lobato, 1982; McDonald et al., 2006). 

Of particular interest in the present research are nonverbal social cues present in 

real life social situations, such as facial expression, body language, and vocal tone.  Past 
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research indicates that these cues are essential to interpret a verbal message (Smith, 

Archer, & Costanzo, 1991; Trimboli & Walker, 1993).  Consider, for example, the 

following scenarios:  

Scenario 1:  It is a sunny day and the children have gone outside for recess. 

James is very excited because he got a new ball for his birthday.  He runs up to Allison 

and says, “Let’s play catch”.  Allison’s eyes open wide; she smiles and claps her hands 

as she says, “Sure, I would just love to play catch!”  

Scenario 2:  It is a sunny day and the children have gone outside for recess.  

James is very excited because he got a new ball for his birthday.  He runs up to Allison 

and says, “Let’s play catch”.  Allison rolls her eyes; she sighs and crosses her arms as 

she says, “Sure, I would just love to play catch!”  

Although the words Allison uses are exactly the same in these two scenarios, her 

feelings and intentions are drastically different.  In scenario 1 she is very excited to play 

catch with James, while in scenario 2 she is not.  James’s ability to respond appropriately 

depends on how he processes and interprets the multiple nonverbal social cues Allison 

provides.   

Despite the obvious importance of this ability, much of the research in the area of 

social perception has examined our ability to process cues such as facial expressions 

(Chan, 2009; Cheal & Rutherford, 2011; Little, Jones, & DeBruine, 2011; Grossman, 

2010; Mosconi, Mack, McCarthy, & Pelphrey, 2005), gestures (Norwiki & Duke, 1994), 

and vocal cues (Imaizumi, Furya, & Yamazaki, 2009; Sauter, Panattoni, & Happé, 2013) 

individually, rather than exploring how these cues are combined with each other and 

additional situational cues in order to help understand an unfolding social situation.  As 
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such, more research is needed exploring how we process multiple nonverbal cues in 

situations that more closely approximate the real life demands placed on individuals 

(Koning, 1997; Trimboli & Walker, 1993).   

The Present Study 

Only limited research exists examining the social perceptual skills of school-age 

children born very prematurely.  I have shown recently that children born at VLBW 

under-attribute intentionality to triangles that move in ways that typical viewers describe 

using mental state words (e.g., one triangle “coaxing” the other), and that their scores on 

this test are related to the number of autistic-like traits they display (see Chapter 3).  In 

other work, Pavlova, Sokolov, Birbaumer, & Krägeloh-Mann (2008b) reported that 

prematurely born children with PVL showed impaired ability to perceive the intentions of 

others in social interactions as measured by the Event Arrangement task.  Children born 

prematurely have also been shown to have impaired ability to process biological motion 

(see Chapter 4; see also Pavlova et al., 2005; Taylor et al., 2009) -- a skill widely 

considered a hallmark of social cognition (Pavlova, 2012).   

In one recent report, Wocadlo and Rieger (2006) found that, in children born at 

VLBW, difficulties with social skills (assessed by parent report) were associated with 

problems recognizing facial expressions.  They suggested that errors in decoding facial 

emotion might be one factor implicated in poor social skills acquisition.  Two major 

limitations of this study were the absence of a control group of children born at term and 

the use of static photographs as opposed to more naturalistic, dynamic displays.  To 

address these limitations, I assessed the social perceptual skills of well-matched samples 

of preterm and full-term children using the Child Adolescent Social Perception Measure 
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(CASP; Magill-Evans, Koning, Cameron-Sadava, & Manyk, 1995) -- a test in which 

children are shown videotaped vignettes of realistic social interactions and are then asked 

to identify the emotions of the characters and describe the nonverbal cues that convey 

these emotions.  

The CASP has been used with a variety of different clinical groups including 

children with ASD, ADHD, and nonverbal learning disability (NVLD) (Castorina & 

Negri, 2011; Fine, Semrud-Clikemann, Butcher, & Walkowaik, 2008; Galway & 

Metsala, 2011; Koning & Magill-Evans, 2001; Koning, Magill-Evans, Volden, & Dick, 

2011).  Of particular interest for this research, individuals with ASD have been found to 

have impaired abilities to identify emotions and nonverbal cues, compared to control 

children (Koning & Magill-Evans, 2001; Koning, Magill-Evans, Volden & Dick, 2011).  

Here, I used this measure to gain insight into the nature of the social perceptual deficits 

affecting children born prematurely at VLBW.  In addition, by also collecting data from 

parent report measures of social, behavioral and autistic-like traits I was able to explore 

links between social perceptual functioning and social competence in these children.  

Overall, I hypothesize that children born prematurely will have impaired abilities to 

process emotions and nonverbal cues in scenes depicting realistic life motion.  I also 

hypothesize that these children will exhibit more adverse social/behavioural outcomes 

than full-term peers.  Finally, I hypothesize that that risk for poor outcomes will be 

highest in preterm children who experienced more severe neonatal medical 

complications.  
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Materials and Methods 

Participants 

Participants included 34 children aged 8- to 11-years and born at VLBW, and 36 

age-matched children born at term.  Recruitment took place over a one-year period 

beginning March 2011.  Thirteen of the preterm children were born weighing less than 

1000 g, and three were small for gestational age (i.e., birth weight below the third 

percentile for gestational age).  See Table 2.1 for more information concerning 

characteristics of the participating children.   

Recruitment of children born at VLBW took place through the High-Risk 

Newborn Follow-Up Programs at Children’s Hospital and at St. Boniface Hospital (both 

in Winnipeg, Manitoba), please see Appendix A for recruitment letter.  The following 

medical variables were obtained with parental consent from neonatal medical records: 

birthweight, gestational age, Apgar score at 5 min, duration of mechanical ventilation and 

supplemental oxygen therapy (days), history of bronchopulmonary dysplasia (at 28 days), 

length of hospital stay (days), information regarding the presence/severity of retinopathy 

of prematurity (ROP), and results of neonatal cranial ultrasound and any other available 

brain imaging studies.  Exclusion criteria used for the preterm sample included a history 

of major sensory impairment (e.g., blindness or deafness), and/or ventriculo-peritoneal 

shunting for posthemorrhagic hydrocephalus. 

Full-term children were recruited through elementary schools and the community, 

as well as through word-of-mouth.  Please see Appendix B for the full-term recruitment 

letter sent to elementary schools and Appendix C for the poster used for community 

recruitment.  Inclusion criteria for the full-term children included being born within two  
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Table 2.1  

Demographic and Screening Measures for the Full-term and Preterm Samples 

 Full-term Children (n = 36) Preterm Children (n = 34) 

Gestational Age (weeks) Inclusion criteria specified a 
range of 38-42 

28 (SD 2),                      
range of 25-33 

Birthweight (g) 3626 (SD 443),                      
range of 2523-4730 

1081 (SD 247),             
range of 600-1467 

Age (years: months) 10:2 (SD 14.7 months),         
range of 8:1 to 11:11 

10:0 (SD 15.0 months), 
range of 8:0 to 11:9 

Gender Distribution  17 Female; 19 Male 18 Female; 16 Male 

Handedness 5 Left; 31 Right 4 Left; 30 Right 

Parental Education (mode) Partial or completed 
college/university or 
specialized training 

Partial college/ university 
or specialized training  

Family Income (mode) Over CAD $75,000 Over CAD $75,000 

Visual Acuity 20/20: 33 20/50: 0 20/20: 28 20/50: 1 

 20/25: 2 20/63: 1 20/25: 5 20/63: 0 

Binocular Fusion   34 Passed; 2 Failed 32 Passed; 2 Failed 

Stereoacuity 34 Passed; 2 Failed 31 Passed; 3 Failed 

Cancellation (time in s) 37.6 (SD 16.6) 37.3 (SD 14.7) 

Cancellation (errors) 0.8 (SD 1.1) 1.4 (SD 1.4) 

PPVT-4 (standard score)a 112.5 (SD 11.2) 108.4 (SD 12.3) 

AQ (total score) 53.7 (SD 12.2) 60.3 (SD 14.5)* 
a Age-corrected standard scores on the Peabody Picture Vocabulary Test, 4th edition were used  
to estimate verbal intelligence; see Intellectual screening and Results sections for further details. 
* p < 0.05 
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weeks of their due date, without medical complications, at an appropriate size for their 

gestational age, and with no known history of developmental problems. 

General Procedure  

Before testing began, informed written consent was obtained from the parent (or 

legal guardian) (see Appendices D & E) and verbal consent was obtained from the 

participating child.  The parent was then asked to complete a general information 

questionnaire and two questionnaires designed to assess social and behavioral outcomes 

in children, as described below.  The participating child was asked to complete a series of 

screening tests, the CASP, and several other tests used for separate purposes.  All tests 

were administered individually in a quiet room.  Descriptions of each measure included 

in the test battery used are provided below.  The Psychology/Sociology Research Ethics 

Board (P2010:091) at the University of Manitoba approved the research protocol.   

Demographic and Screening Measures 

General information questionnaire.  A general information questionnaire was 

completed for each participating child by a parent (or legal guardian) (see Appendix F).  

The questionnaire asked about the child’s early developmental history, and about 

demographic variables (such as parental education and family income) that have been 

linked to cognitive development in children born preterm (Braid, Donohue, & Strobino, 

2012; Sommerfelt, Ellertsen, & Markestad, 1995; Voss, Jungmann, Wachtendorf, & 

Neubauer, 2012).  

Visual screening.  The Lighthouse Distance Acuity Chart was used to measure 

linear acuity (Lighthouse International, New York, NY).  The Worth 4-Dot Test 

(Richmond Products, Albuquerque, NM) was used to measure binocular fusion.  The 
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Titmus Test of Stereoacuity (Stereo Optical Company, Chicago, IL) was used to measure 

stereoacuity.  The administration and scoring of these tasks followed standardized 

procedures (see Kniestedt & Stamper, 2003; Taylor et al., 2009).  

Letter cancellation task (Geldmacher, 1996).  Visual attention and processing 

speed were assessed using a letter cancellation task.  In this task, the child was asked to 

cross out all 20 instances of a target letter “X” in an array of 100 letters.  The time taken 

to complete the task (in s) and the number of errors were recorded. 

Intellectual screening.  The Peabody Picture Vocabulary Test - Fourth Edition 

(PPVT-4; Dunn & Dunn, 2007) was administered to each child in order to estimate 

verbal intelligence.  This test allowed me to determine whether any difficulties 

experienced by the preterm children on the experimental tasks might be attributable to the 

presence of a general cognitive delay, or to impaired ability to comprehend task 

instructions.  Scores on the PPVT - Third Edition (Dunn & Dunn, 1997) are highly 

correlated with both Full Scale IQ (r = .90) and Verbal IQ (r = .91) measured with the 

Wechsler Intelligence Scale for Children - Third Edition (WISC-III, Wechsler, 1991).  In 

addition, scores on the PPVT-4 correlate highly with a measure of expressive language, 

the Expressive Vocabulary Test-2 (Williams, 2007).  On each trial in the PPVT-4, the 

child is required to point to one of four pictures that correspond to a word spoken by the 

examiner.  The task is organized into sets of words (12 in each set).  Difficulty increases 

within and across sets.  Testing continues until basal (one or no errors) and ceiling (eight 

or more errors) levels are found.  Performance is expressed as an age-corrected standard 

score (M = 100, SD = 15).  
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Experimental Materials 

Social and behavioral outcomes.  Social and behavioral outcomes were assessed 

using two parent-rating scales: the Behavior Assessment System for Children - Second 

Edition (BASC-2; Reynolds & Kamphaus, 2004) and the Autism Spectrum Quotient - 

Child Version (AQ; Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008).   

The parent form of the BASC-2 includes 160 items, each rated using a four-point 

Likert scale (almost always to never).  The BASC-2 reports two sets of outcomes: 

behavioral indices (hyperactivity, aggression, conduct problems, anxiety, depression, 

somatization, atypicality, withdrawal, and attention problems), and adaptive indices 

(adaptability, social skills, leadership, activities of daily living, and functional 

communication).  Four composite index scores can also be derived: externalizing 

problems (EPI: hyperactivity, aggression and conduct problems); internalizing problems 

(IPI: anxiety, depression and somatization); overall behavioral symptoms (BSI: 

atypicality, withdrawal and attention problems) and adaptive skills (ASI: adaptability, 

social skills, leadership, activities of daily living and functional communication).  In 

addition, six behavioral content scores (anger control, bullying, developmental social 

disorder, emotional self-control, executive function and negative emotionality) and one 

adaptive content score (resiliency) can also be extracted.  For purposes of this research, I 

focused on the four composite index scores and on the developmental social disorder 

(DSD) content score, which have been shown in other research to be elevated in 

individuals with ASDs (Reynolds & Kamphaus, 2004).  All of these scores are age-sex 

standardized and are reported as T scores (M = 50, SD =10).  Clinically significant T 

scores are defined as scores of 30 and below on the ASI, and 70 and above on the 
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remaining measures.  At-risk T scores are defined as 31-40 on the ASI, and 60-69 on the 

remaining measures.  The authors of the BASC-2 reported test-retest reliability from 0.87 

to 0.94 (Reynolds & Kamphaus, 2004).  The internal consistency of the BASC-2 (parent 

version) ranges from 0.80 to 0.95.  

The AQ is a parent-report questionnaire that is designed to measure autistic-like 

traits in children ages 4-11 years, which has good test-retest reliability (r = 0.85, p < 

.001) and a high Cronbach’s alpha of 0.97 (Auyeung et al., 2008).  It is composed of 50 

items assessing five broad areas associated with autism and the broader autistic 

phenotype.  Specifically, the following areas are assessed with 10 items each: social 

skills, attention switching, attention to detail, communication, and imagination.  The 

questions are answered on a 4-point Likert scale, where the parent indicates the extent to 

which each trait accurately describes their child, with 0 representing definitely agree and 

3 representing definitely disagree.  Full endorsement of all autistic-like traits results in a 

maximum score of 150.  For purposes of the present study, I categorized individuals 

scoring 76 and higher as falling in the clinically significant range, and those with scores 

of 66-75 as falling in the at risk range.  These cut-offs were selected based on previous 

research showing that (a) both cut-offs have excellent sensitivity and specificity (! 90); 

(b) 4.3% of controls, 95.1% of those with high functioning autism/Asperger syndrome, 

and 94.8% of those with autism obtain scores at or above the cut-off of 76; and (c) 9.7% 

of controls, 98.9% of those with high functioning autism/Asperger syndrome, and 99.5% 

of those with autism obtain scores at or above the cut-off of 66 (Auyeung et al., 2008).   

Child and Adolescent Social Perception Measure (CASP).  The CASP has good 

internal consistency, test-retest reliability, and inter-rater reliability (all above 0.8) 
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(Magill-Evans et al., 1995).  The test consists of 10 videotaped scenes depicting children, 

adolescents and adults in typical social interactions.  Each scene is audio-filtered, 

rendering the verbal content unintelligible but still preserving vocal tone and prosodic 

features.  Each scene lasts from 19 to 40 s, with a mean length of 29 s.  Two to four 

characters are presented per scene.  The scenes take place in a variety of settings, such as 

home and school, and characters display a range of emotions (positive, negative, and 

neutral).   

The CASP was administered and scored according to the standard procedure, and 

the time taken to complete the task was recorded for each child.  After viewing each 

scene, the child was asked to describe what happened during the scene, the feelings of 

each character, and how they knew each character was feeling this way.  From this, two 

scores were obtained for each child: an emotion score and a nonverbal cues score.  Verbal 

responses were recorded and scored off-line by the primary researcher and two 

independent raters who were blind to group membership.  After initial scoring by all 

raters, any discrepancies between scores were discussed and a final score was determined 

through group consensus.  The emotion score provides a measure of the participant’s 

ability to identify and label the emotions displayed by each character.  For each emotion 

identified by the viewer, a nonverbal cues score is derived.  The nonverbal score is based 

on the participant’s ability to identify specific face, body, situational, and prosodic voice 

cues that could be used to determine the character’s emotional state.  Face cues include 

facial expressions, such as smiling or rolling the eyes.  Body cues include body 

movements, such as leaning forward or making a hand gesture.  Situational cues include 

aspects of the situation that would be expected to affect the character’s emotional state 
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(e.g., he is happy because his mom gave him a gift).  Voice cues include changes in tone, 

inflection or rhythm.  Not all of these cues are present in each scene; thus, participants’ 

descriptions were scored according to the cues indicated in the scoring manual.  In total, 

there were 43 face cues, 44 body cues, 28 voice cues and 20 situational cues that viewers 

could use to interpret the emotions displayed by different characters.  Subscores were 

generated for each type of nonverbal cue and were expressed as a percentage of the 

maximum score possible for that cue.  This method allowed for direct comparison across 

cue types. 

In addition to carrying out the standard scoring (as described above), I developed 

a new measure to assess incidental recall of non-social information presented in the 

scenes: the incidental memory score.  This measure was scored off-line (i.e., was based 

on children’s recorded verbal responses).  As such, the collection of these data did not in 

any way interfere with the standard administration of the CASP.  Participants were 

awarded one point if their verbal description specified the correct number of characters in 

the scene, and one point for correctly specifying the location in which the scene took 

place.  They could also receive from 3 to 8 additional points (depending on the scene) for 

correctly recalling specific visual details about the scene, including characteristics about 

an actor’s appearance (e.g., pony tail, white shirt, glasses) or specific objects present in 

the environment (e.g., table, videogame, salt/pepper shaker).  The total maximum score 

was 76.  The score sheet is reproduced in Appendix G.    

Results 

As can be seen in Table 2.1, the preterm and full-term samples were comparable in 

terms of age-in-months (independent samples t test, p = .49), and had similar gender 
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distributions ("2(1) = .23, p = .63), parental education levels (Mann-Whitney U, Z = -

1.82, p = .07), and family incomes (Mann-Whitney U, Z = -.43, p = .67).  The incidence 

of left-handedness was low and similar between groups (see Table 2.1).  The groups 

performed equally well on the cancellation task (measuring visual information processing 

speed/attention) and on the PPVT-4 (used to estimate verbal intelligence) (independent 

samples t tests, p > .06 for all comparisons).  With one exception, all children in the 

preterm sample obtained standard scores on the PPVT-4 that fell in the average range or 

above (89-141); the exception was one child who obtained a standard score of 78.  

Preterm and full-term children had low and comparable rates of problems (5.6-8.8%) 

with binocular fusion and stereoacuity.  Visual acuity was also comparable in the two 

groups, being 20/25 or better in 97% of participating children.  The remaining 3% of 

participants (one preterm and one full-term child) had visual acuity of 20/63 or better, 

which is considered adequate for neuropsychological testing (Capruso, Hamsher, & 

Benton, 1995; Norman, Payton, Long, & Hawkes, 2004).  

Child and Adolescent Social Perception   

The groups did not differ in incidental memory scores, t(68) = -1.35, p = .18, but 

full-term children took slightly longer to complete the CASP than preterm children, t(68) 

= -2.03, p = .046.  As both measures were positively correlated with emotion scores and 

with nonverbal subscores for body, voice and situational cue identification (.28 # r # .48) 

(p < .01 in all cases), both variables were included as covariates in subsequent analyses. 

A univariate analysis of covariance (ANCOVA) performed on the CASP emotion 

scores produced a significant main effect of Group, F(1, 66) = 9.41, p = .003, !2 = .13, 

with full-term children outperforming preterm children (Mfull-term = 36.8, SEM = 1.5 vs. 
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Mpreterm = 30.2, SEM = 1.5).  A separate analysis showed that age (in months) was 

positively correlated with performance in both groups (rpreterm > .64, r full-term > .69, p < 

.001 in both cases). 

The percentage of nonverbal cues of each type that were correctly identified by 

participants were entered into a 2 (Group: Preterm, Full-term) x 4 (Cue Type: Face, 

Body, Situational, Voice) mixed ANCOVA.  Significant main effects of Group, F(1, 66) 

= 14.08, p < .001, !2 = .18 and Cue Type, F(3, 198) = 9.36, p < .001, !2 = .12, were 

observed, with full-term children outperforming preterm children, and participants being 

most accurate at identifying available situational cues, followed by face, voice and body 

cues, in that order (p < .001 for all comparisons).  These main effects had to be 

interpreted in light of a significant Group x Cue Type interaction, F(3, 198) = 2.89, p < 

.05, !2 = .04 (see Figure 2.1).  Follow-up tests confirmed that full-term children correctly 

identified significantly more face, body and situational cues than preterm children did (p 

< .01, in all cases), but the groups did not differ in their ability to identify voice cues.  

Separate analyses confirmed that, in both groups, the ability to recognize all four cue 

types improved with age (r > .34, p < .05). 

BASC-2   

As noted earlier, for purposes of this study I was interested in comparing T scores 

obtained for preterm and full-term children on the four composite index scores (EPI, IPI, 

BSI and ASI) and the DSD content score from the BASC-2.  As these scores are age-sex 

standardized, and as age was not significantly correlated with any of the scores, the full 

samples of preterm and full-term children were compared on these measures using a 

series of independent samples t tests.  While the four composite index scores were 
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Figure 2.1  Mean percentage correct for each type of nonverbal cue in the CASP (SEM 
indicated), as a function of group membership.  Follow-up tests showed group differences 
in the correct identification of face, body and situational nonverbal cues, with full-term 
children outperforming preterm children.   
*** p # 0.001 level 
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comparable in the two groups, preterm children were rated by parents as displaying 

significantly more symptoms consistent with developmental social disorder than their 

full-term peers were, t(68) = 2.30, p < .05;  Mpreterm = 52.5, SEM = 2 vs. Mfull-term = 47.2, 

SEM = 1.3. 

Although mean scores for the preterm group were fairly close to the expected mean 

of 50 on all five measures, Mann-Whitney tests confirmed that the distribution of scores 

falling within normal limits, in the at-risk range, and in the clinically significant range 

was different for preterm and full-term children for the DSD content score, Z = -2.74, p = 

.006, with preterm children showing higher rates of impairment.  While in the expected 

direction, the group difference for the BSI, Z = -1.94, p = .052, and the ASI, Z = -1.80, p 

= .072, were not statistically significant.  Rates of impairment on the EPI and IPI scales 

did not differ in the two groups. (See Figure 2.2.)   

Autism Spectrum Quotient  

As scores on the AQ were not correlated with age, independent samples t tests 

were used to compare AQ scores in the full samples of preterm and full-term children.  

As expected, parents of preterm children reported significantly more autistic-like traits in 

their children than parents of full-term peers, t(68) = 2.06, p < .05 (Mpreterm = 60.3, SEM = 

2.3 and Mfull-term = 53.8, SEM = 2.3).  Of note, twelve preterm children (35.3%) scored in 

the at risk/clinically significant ranges, compared to 6 (16.7%) of the full-term children 

(see Figure 2.2).  While in the expected direction, the group difference in distribution of 

scores was not statistically significant, Z = -1.80, p = .072. 
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Figure 2.2  Incidence (% of sample) of T scores on the BASC-2 and AQ falling within 
normal limits (wnl), in the at risk range (at risk), and in the clinically significant range 
(clinical), for full-term and preterm children.  EPI = Externalizing Problems Index score, 
IPI = Internalizing Problems Index score, BSI = Behavioral Symptoms Index score, ASI 
= Adaptive Skills Index score, DSD = Developmental Social Disorder content score, and 
AQ = Autism Spectrum Quotient total score.   
** p #  0.01  
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Table 2.2                     

Relationships between AQ, BASC-2, and CASP scores in Full-term and Preterm Children 

  DSD EPI IPI BSI ASI Emotion Face Body Situation Voice 
Full-term 
AQ .61*** .30* .30* .55***  -.64*** -0.31* -0.14 -0.38* -0.11 -0.22 
DSD  -- .49*** .33* .80***  -0.90*** -0.14 0.11 -0.35* -0.20 -0.31* 
EPI   -- .42** .80***  -.52*** 0.18 0.10 -0.15 0.09 -0.18 
IPI    -- .56***  -.37* 0.25 0.22 -0.12 -0.06 -0.19 
BSI     --  -.75*** 0.07 0.05 -0.31* -0.11 -0.35* 
ASI      -- 0.11 -0.04 0.42*** 0.23 0.23 
Emotion       -- 0.28 0.51*** 0.39* 0.30* 
Face        -- -0.03 0.17 -0.07 
Body         -- 0.36* 0.37* 
Situation          -- -0.01 
Preterm 
AQ .75*** .50*** .64*** .75***  -.76*** -0.05 -0.25 0.02 0.45** -0.06 
DSD  -- .67*** .65*** .88***  -.87*** -0.03 -0.25 0.04 0.43** 0.07 
EPI   -- .53*** .85***  -.74*** -0.03 -0.24 0.08 0.47** 0.10 
IPI    -- .82***  -.74*** -0.06 -0.15 -0.05 0.40* 0.15 
BSI     --  -.91*** -0.07 -0.24 0.01 0.51** 0.11 
ASI      -- 0.02 0.23 0.03 -0.58*** -0.09 
Emotion       -- 0.25 0.43** 0.38* 0.41* 
Face        -- 0.16 -0.13 0.17 
Body         -- 0.18 0.36* 
Situation                  -- 0.24 
* p < .05, ** p < .01, *** p < .001         

Notes: AQ = Autism Spectrum Quotient total score; DSD = Developmental Social Disorder content score; EPI = Externalizing 
Problems Index score; IPI = Internalizing Problems Index score; BSI = Behavioral Symptoms Index score; ASI = Adaptive 
Skills Index score.  Correlations with CASP measures control for age-in-months, administration time and incidental memory 
score.  Correlations shown in boxes are significantly different between groups, p < .05, Fisher r-to-z transformation test. 
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Relationships Between Variables 

Table 2.2 presents relationships between parent-report measures and CASP scores, in full-

term and preterm children.  In both groups, children displaying more autistic-like traits 

 (higher AQ and DSD scores) were rated as showing more problems on all indices of the BASC-

2, as one might expect given the pervasive nature of ASDs.  However, correlations between 

autistic-like traits and internalizing problems were stronger in preterm than in full-term children.  

In full-term children, emotional and behavioral problems and autistic-like traits were most 

evident in those who experienced problems identifying emotions, and body cues in particular.  

Interestingly, in preterm children these difficulties were especially evident in those who could 

most accurately identify situational cues.  

Medical Risk Factors.   

By parent report, preterm children with a positive history of bronchopulmonary dysplasia 

had more autistic-like traits (AQ total score) and more behavioral symptoms (BSI score) than 

those without such a history, t(32) > 2.07, p < .05 in both cases.  After controlling for age-in-

months, administration time, and incidental memory, I found that children with a positive history 

of retinopathy of prematurity performed more poorly than those without on the CASP emotion 

and nonverbal situational subscores, F (1, 25) > 4.34, p < .05 in both cases.  Although no 

differences in performance were seen in subgroups defined by the presence/absence of 

abnormality in brain imaging studies, it is important to note that in the majority of cases only 

neonatal cranial ultrasound scans were available; these scans are not sensitive enough to detect 

some forms of brain damage in this population (e.g., Woodward, Anderson, Austin, Howard, & 

Inder, 2006).  Table 2.3 presents correlations between test scores and continuous medical 

variables.  Lower Apgar scores at 5 min were associated with more parent-rated problems on all  
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Table 2.3               
Relationships between Medical Risk Variables and Performance in the Preterm Sample  

    Birth weight Gestational 
Age (wks) Apgar (5 min) Days on 

Oxygen 
Days on 

Ventilation 
Length of 

Hospital Stay 

Emotion 0.303* 0.379* 0.453** -0.518*** -0.434** -0.481** 

Face 0.019 0.109 0.324* -0.411** -0.281 -0.28 

Body 0.266 0.459** 0.052 -0.285 -0.238 -0.400** 

Situational 0.14 0.214 -0.113 -0.049 -0.133 -0.174 

CASP 

Voice 0.046 0.278 0.264 -0.087 -0.266 -0.229 

AQ Total Score 0.178 -0.128 -0.139 0.169 -0.082 0.104 

DSD 0.117 -0.04 -.291* 0.055 -0.111 0.014 

EPI 0.195 -0.082  -.502*** 0.124 -0.081 0.026 

IPI 0.166 -0.087 -.308* 0.112 -0.131 0.031 

BSI 0.179 -0.093 -.417** 0.159 -0.111 0.06 

BASC-2 

ASI -0.232 -0.025 .406** -0.05 0.105 0.007 

* p < .05, ** p < .01, *** p < .001 
Note: Correlation with CASP measures control for age-in-months, administration time and incidental memory score 
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five BASC-2 measures.  After controlling for age-in-months, administration time, and 

incidental memory, I found that CASP emotion scores and nonverbal face and body 

subscores were significantly correlated with several of the continuous medical variables, 

with children at higher medical risk performing more poorly. 

Discussion 

Similar to results in adolescents with Asperger Syndrome/high-functioning autism 

(Koning & Magill-Evans, 2001; Semrud-Clikeman, Walkowiak, Wilkinson, & Minne, 

2010), children born at VLBW had impaired social perceptual abilities on the CASP.  In 

particular, they were less able than full-term controls to correctly interpret the emotions 

of others, due largely to a failure to identify key nonverbal cues (facial and body 

movements, and situational cues) that could be used to make these determinations.  It is 

unlikely that these difficulties are related to lowered intelligence, or to demographic 

factors (such as gender, family income or parental education), as the groups were 

matched on these variables.  Similarly, they do not seem to arise from general difficulties 

recalling the details of the CASP scenes, as the groups received comparable scores on the 

incidental memory measure.  I suspect that a key factor underlying these difficulties is 

that children born at VLBW have problems with the visual analysis of “life motion,” 

broadly defined.  If this were the case, this would explain why these children not only 

show impaired processing of realistic life motion present in naturalistic, dynamic social 

scenes (as shown here), but also impaired processing of stylized forms of life motion -- 

including both the “animate motion” present in Heider-Simmel type displays (see 

Chapter 3; Williamson & Jakobson, in press), and the biological motion conveyed in 

point-light displays (see Chapter 4; see also Pavlova et al., 2005; Taylor et al., 2009).  
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These findings extend previous reports suggesting that preterm children show increased 

vulnerability in systems involved in processing moving stimuli (e.g., Downie, Jakobson, 

Frisk, & Ushycky, 2003; Jakobson et al., 2006; MacKay et al., 2005; Taylor et al., 2009).   

It will be interesting in future work to determine if children born very prematurely 

have difficulties interpreting verbally presented social vignettes or whether -- like 

children with NVLD (Galway & Metsala, 2010) -- their difficulties are most evident with 

visually presented scenes.  Certainly, results from my study showed intact ability to 

identify nonverbal vocal (prosodic) cues.  It will also be important to track developmental 

changes in social perception skills in this clinical group.  Although children born preterm 

performed worse on all visual measures, both preterm and full-term children showed age-

related improvement in performance.  It is unclear whether social perception skills 

plateau earlier in preterm children than in full-term peers (which would mean the deficits 

would persist), or whether they show a developmental lag (which might suggest that 

catch-up is still possible).  Additional research utilizing more age-sensitive measures of 

social perceptual function, and longitudinal research designs, are needed to shed light on 

this issue.   

 An important aspect of the present research is that it included measures of social 

difficulties and autistic-like traits.  On the BASC-2, both AQ total scores and DSD 

content scores on the BASC-2 (which are elevated in those on the autism spectrum) were 

significantly higher in preterm than in full-term children.  Combined with recent research 

suggesting that children born prematurely have impaired ToM abilities (see Chapter 3; 

Williamson & Jakobson, in press), these results strengthen previous claims linking 
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premature birth to a social-behavioral phenotype strongly suggestive of an autism 

spectrum disorder (Limperopoulos, 2009; Pinto-Martin et al., 2011). 

A question that can only be indirectly answered by the present research relates to 

the nature of the relationship between social perceptual skill deficits and social outcomes 

in children born preterm.  Several CASP measures were correlated with scores on the AQ 

and with particular composite and content scales on the BASC-2 (BSI, ASI and DSD) 

that tap into behavioral and adaptive skills deficits seen in children with ASDs.  One 

could speculate that impaired social perceptual skills play a causal role in the social and 

behavioral problems experienced by children born preterm.  Indeed, the fact that 

emotional and behavioral problems and autistic-like traits were especially evident in 

children born preterm who could most accurately identify situational cues may suggest 

that social difficulties in preterm children arise, in part, because -- given their impaired 

ability to decipher face and body cues -- they rely too heavily on situational cues to 

interpret social interactions.  This focus on situational cues could create difficulty if 

another person’s reaction to a given situation is unexpected; for example, if someone gets 

a birthday present, but finds it disappointing.  Given the correlational nature of this 

research, however, a conclusive statement cannot be made in this regard.   

Limitations 

 There are a number of limitations of the present study.  First, my study sample 

was small, and it is possible that my recruitment process created some selection bias.  

Second, there was an over-representation of children with relatively well-educated 

parents from the higher income brackets.  Given these factors, it is important to try to 



SOCIAL COGNITION IN PRETERM CHILDREN 

 

42 

replicate the present results in larger samples that are representative of the entire cohort 

of surviving VLBW children.   

A third limitation of the present study concerns the selection of some of the 

research instruments.  I used the PPVT-4 to estimate verbal IQ, and the AQ-Child and the 

BASC-2 to quantify the number of  “autistic-like” traits in study participants.  Clearly, it 

would have been preferable to conduct a more thorough assessment of intellectual and 

language functions in our study participants.  It would also have been beneficial to 

complete a comprehensive, diagnostic work-up on those children who obtained high DSD 

and/or AQ scores, given that elevations of these scores could be associated with poor 

socialization, or with a number of childhood conditions (other than ASD) that are 

characterized by deficits in social cognition.  Nonetheless, the present results are 

intriguing, and suggest several avenues for future research. 

Conclusion 

These results of this study demonstrate that children born at VLBW have an 

impaired ability to extract the emotions of characters in scenes depicting naturalistic 

(dynamic) social interactions.  This difficulty arises primarily from problems processing 

nonverbal cues from moving faces and bodies, and situational cues.  Precisely how/if 

these problems contribute to, or exacerbate, emotional and behavioral problems (such as 

anxiety, excessive shyness, or withdrawal) remain to be seen.  Further work exploring the 

links between these problems and the preterm autistic phenotype are warranted. 
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CHAPTER 3 - SOCIAL ATTRIBUTION SKILLS OF CHILDREN 

BORN PRETERM AT VERY LOW BIRTH WEIGHT 

An increasing number of very premature infants are now surviving due to 

enhanced management of high risk pregnancies and advancements in neonatal medical 

care (Allen et al., 1993; Hoekstra et al., 2004; Horbar et al., 1993; Schwartz et al., 1994).  

As such, we now need, more than ever, to examine the long-term effects of very 

premature birth in order to improve outcomes of these survivors. 

Research has shown that the smallest survivors of preterm birth face many 

ongoing problems.  Some of the impairments with which they are confronted include 

physical and health-related problems such as cerebral palsy, seizures, sensorineural 

hearing loss, and blindness (Aylward, 2002; Foreman, Fielder, Minshell, Hurrion, & 

Sergienko, 1997; Goldenberg & McClure, 2010; Hellgren et al., 2007; Msall & Tremont, 

2002; Saigal, Stoskopf, Streiner, & Burrows, 2001).  Children born prematurely also 

exhibit poorer performance on tests of attention, memory, and both expressive and 

receptive language, and have academic struggles in the areas of reading, spelling, and 

mathematics (Anderson & Doyle, 2003; Bennett, 1999; Cherkes-Julkowski, 1998; 

Downie, Frisk, & Jakobson, 2005; Grunau, Whitfield, & Fray, 2004; Rickards et al., 

1993).  They are also at elevated risk for difficulties in multiple aspects of cortical visual 

functioning (e.g., Jakobson, Frisk, & Downie, 2006; Taylor et al., 2009), and for a range 

of cognitive and behavioral problems (Bhutta et al., 2002; Caravale, Tozzi, Albino, & 

Vicari, 2005; Delobel-Ayoub et al., 2009; Hack et al., 2005; Hille et al., 2001; Litt, 

Taylor, Klein, & Hack, 2005; Marlow, Wolke, Bracewell, & Samara, 2005; Moster, Lie, 

& Markestad, 2008; Saigal et al., 2003a).  
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Of particular relevance to the current study is research showing that children born 

at low birth weight (Dahl et al., 2006) and/or very prematurely (< 32 weeks gestation; 

Farooqi et al., 2007; Gardner et al., 2004; Reijneveld et al., 2006; Saigal et al., 2003b) are 

at greater risk than are full-term controls for social, emotional and mental health 

difficulties.  For example, recent reports suggest that children born preterm are at 

elevated risk for internalizing problems, such as anxiety, depression, withdrawal and 

somatic complaints; problems with attention and hyperactivity; thought problems; and 

social difficulties (Farooqi et al., 2007; Gardner et al., 2004).  They have also been shown 

to be at greater risk for psychiatric hospitalization in young adulthood than their peers 

are, and to show increased vulnerability to a range of psychiatric diagnoses, such as 

nonaffective psychosis, depressive disorder, and bipolar affective disorder (Nosarti et al., 

2012). 

In addition, although there are some contradictory findings (e.g., Bilder, 

Pinborough-Zimmerman, Miller, & McMahon, 2009; Croen, Grether, & Selvin, 2002), 

results of a number of recent studies suggest that children born preterm have a higher 

incidence of autistic-like traits when compared to full-term controls (e.g., Eaton et al., 

2001; Hultman et al., 2002; Indredavik et al., 2010; Johnson et al., 2010; Johnson & 

Marlow, 2009; Kuban et al., 2009; Lampi et al., 2012; Maimburg & Væth, 2006; Pinto-

Martin et al., 2011; Stephens et al., 2012).  It is likely that a range of maternal and 

perinatal/neonatal risk factors underlie this relationship (Buchmayer et al., 2009; 

Gardner, Spiegelman, & Buka, 2009; Glasson et al., 2004; Limperopoulos et al., 2008).  

Unfortunately, many of the studies supporting an increased incidence of autistic-like 

traits in preterm children have relied on screening measures administered in retrospective 
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or prospective studies (Pinto-Martin et al., 2011).  Some authors caution that use of such 

tools may lead to high false positive rates, given the increased incidence of other 

impairments in preterm children (Stephen et al., 2012).  It is significant, then, that in a 

recent study that followed children prospectively and used diagnostic tools, researchers 

estimated the prevalence of ASD in children born weighing < 2000 g to be 5%, which is 

approximately five times higher than the rate seen in the general population (Pinto-Martin 

et al., 2011).   

Despite evidence that children born preterm are at increased risk for a behavioral 

phenotype similar to that seen in autism, Johnson and Marlow (2011) pointed out that the 

causal pathways may be different in full-term and preterm children.  To date, the 

literature examining links between prematurity and autism has focused very much on 

findings obtained from behavioral and symptom checklists.  It is important to extend this 

work by studying specific cognitive and perceptual skills in this population, to determine 

how deficits in particular areas may contribute to the characteristic social and behavioral 

profile of the preterm child.  In this regard, it has been found that 6-month-old infants 

born prematurely have difficulties engaging in joint play and initiating joint-attention 

episodes with their mothers, and exhibit more gaze aversion, compared to full-term 

controls (Landry, 1986, 1995).  Joint attention skills are thought to be important 

precursors to higher-order skills that are fundamental to social development (Baron-

Cohen, 1991; Carpenter, Nagell, & Tomasello, 1998; Mundy & Gomes, 1998), including 

the ability to attribute mental states (such as beliefs, intentions or desires) to oneself and 

others, and to appreciate that others’ mental states may differ from one’s own (Premack 

& Woodruff, 1978).  These latter abilities have been termed Theory of Mind (ToM, 
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Premack & Woodruff, 1978), mindreading (Baron-Cohen, 1997), or mentalizing (Abu-

Akel, 2003) abilities.   

Much of the literature on ToM has centered on children and adults with ASDs, 

who exhibit a range of impairments in these skills.  For example, children with autism 

produce fewer mental state words in their descriptions of scenarios and stories, and in 

natural speech patterns, when compared to neurotypical controls (Baron-Cohen, Leslie, & 

Frith, 1986; Tager-Flusberg, 1992).  They also exhibit a lower frequency of symbolic (or 

pretend) play behaviors in spontaneous play (Baron-Cohen, 1987; Lewis & Boucher, 

1988; Ungerer & Sigman, 1981; Wing, Gould, Yeates, & Brierley, 1977), and even high-

functioning children with autism have been shown to have difficulties understanding 

pretense, persuasion, sarcasm, jokes, double bluffs, irony, and lies (Happé, 1994).  These 

latter impairments are evident in a range of tasks requiring an appreciation of first- and 

second-order false beliefs (Baron-Cohen, 1989; Baron-Cohen, Leslie, & Frith, 1985; 

Leekam & Perner, 1991; Perner, Frith, Leslie, & Leekam, 1989; Reed & Peterson, 1990; 

Swettenham, 1996), and in other ToM tasks including, for example, Happé’s Strange 

Stories Task (Happé, 1994), The Eyes Task (Baron-Cohen, Jolliffe, Mortimore, & 

Robertson, 1997a; Baron-Cohen, Wheelwright, & Jolliffe, 1997b) and the Happé-Frith 

animated triangles task (e.g., Abell, Happé, & Frith, 2000; Jones et al., 2011; Salter, 

Seigal, Claxton, Lawrence, & Skuse, 2008; White, Coniston, Rogers, & Frith, 2011; 

Zwickel, White, Coniston, Senju, & Frith, 2011).  

The animated triangles task has been widely used as a non-verbal (visual) 

measure of ToM abilities.  This task was based on research done by Heider and Simmel 

(1944) in which viewers often attributed intentionality to geometric shapes that appeared 
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to move in a goal-directed fashion.  Happé and Frith extended this task by developing 

three different types of animations that evoked mental state descriptions to varying 

degrees (Abell et al., 2000).  Specifically, their task included animations depicting two 

triangles moving in a random manner (random displays), engaged in goal-directed 

activities (e.g., one shape “following” the other; goal-directed displays), or appearing to 

“interact” with one another or in response to environmental cues in a way that typical 

viewers often described using mental state words (e.g., one shape “coaxing” the other; 

ToM displays).  

Since its introduction, the animated triangles task has been used with neurotypical 

viewers across a range of ages (Castelli, Happé, Frith, & Frith, 2000; Klein, Zwickel, 

Prinz, & Frith, 2009; Knickermeyer, Baron-Cohen, Raggatt, Taylor, & Hackett, 2006; 

Moriguchi, Ohnishi, Mori, Matsuda, & Komaki, 2007) and with a variety of different 

clinical populations including individuals with autism, Asperger’s syndrome, Turner’s 

syndrome, schizophrenia, medial frontal lobe damage, right hemisphere damage and 

alexithymia (Bird, Castelli, Malik, Frith, & Husain, 2004; Campbell et al., 2006; Castelli, 

Frith, Happé, & Frith, 2002; Koelkebeck et al., 2010; Lawrence et al., 2007; Moriguchi et 

al., 2006; Russel, Reynaud, Herba, Morris, & Corcoran, 2006; Weed, McGregor, Nielsen, 

Roepstorff, & Frith, 2010).  Research involving individuals with autism has produced a 

fairly consistent pattern of results.  Abell and colleagues (2000) found that children with 

autism who could pass first- and second-order false belief tasks nonetheless used fewer 

and less appropriate mental state terms than typically developing children when 

describing ToM displays, specifically.  Similar results have been described in more recent 

work involving children (Salter et al., 2008), adolescents (Jones et al., 2011), and adults 
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(White et al., 2011) with autism.  In addition, Zwickel and colleagues (2011) found that, 

in addition to offering less appropriate descriptions of ToM displays than controls, adults 

with autism over-attributed intentionality to the triangles in the random displays, and 

tended to under-attribute intentionality to the triangles in the goal-directed and ToM 

displays. 

The Present Study 

Functional neuroimaging studies have shown that viewing ToM displays is 

associated with increased activation in areas known to be involved in mentalizing [i.e., 

medial prefrontal cortex, superior temporal sulcus (STS), basal temporal regions, and 

extrastriate cortex (Castelli et al., 2000)].  Interestingly, abnormalities in one of these 

areas, the STS, have been found in both children with ASD (Pelphery & Carter, 2008; 

Zilbovicius et al., 2006) and those born prematurely (Dubois et al., 2008; Zubiaurre-

Elorza et al., 2009).  Given, I sought to examine whether children born prematurely show 

impaired ability to attribute intentionality in the animated triangles task, when compared 

to full-term, age-matched controls.  I also asked whether their ability to attribute 

intentionality in ToM displays was related to the number of autistic-like traits they 

displayed, and whether either of these measures was related to specific neonatal risk 

factors. 

Materials and Methods 

Participants 

The participants in this study were the same as those described in Chapter 2.  
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Screening Tests and Parent Report Measures 

 As noted in Chapter 2, as part of a larger test battery participating children 

completed a series of screening tests (assessing basic visual functions, processing 

speed/visual attention, and intelligence), and parents completed a demographic measure 

and the AQ.  Scores on the latter questionnaire were used to quantify autistic-like traits in 

the children.  Please see Chapter 2 for details. 

Animated Triangles Task 

In this task, participants were presented with a series of animations, each 

depicting one large red triangle and one small blue triangle, moving about within a 

framed white background (Abell et al., 2000; Castelli et al., 2000).  Three different types 

of animations were presented:  random, goal-directed, and ToM.  As noted earlier, 

random displays do not typically evoke descriptions of interactions or mental states.  In 

contrast, goal-directed displays (in which one triangle moves as though intentionally 

“responding” to the other’s behaviour) typically evoke descriptions of specific 

interactions (e.g., following, fighting, chasing, dancing), while ToM displays (in which 

one triangle appears to intentionally act in a way designed to affect the other’s “mental 

state”) typically evoke descriptions that include mental state terms describing the action 

(e.g., persuading, mocking, coaxing, surprising) and/or the mental state of one or both 

triangles (e.g., happy, afraid).  See Appendix H for an example for a ToM display. 

Children completed familiarization and experimental trials, which were presented 

in a fixed order.  A random number generator determined the fixed sequence of 

animations; with the provision that no more than two trials in a row were from the same 

condition.  For the familiarization task, one practice animation of each type was 
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presented.  Participants described each scenario and corrective feedback was given.  A 

second administration was allowed if necessary.  For the experimental task, four 

animations were presented in each condition (12 trials in total), each lasting from 26-48 

seconds.  After viewing each animation the child was asked “What happened in the 

cartoon?”  The child’s verbal description of the scenario was recorded verbatim and then 

scored using Castelli and colleagues’ (2000) protocol (see Appendix I).  Responses were 

initially scored on three different dimensions: certainty (0-3 Likert scale, where 0 

represents long hesitations or silence, and 3 represents no hesitations), appropriateness 

(0-3 Likert scale, where 0 represents no answer or an answer of ‘I don’t know’, and 3 

represents an appropriate and clear answer), and intentionality (0-5 Likert scale, where 0 

represents a nondeliberate (i.e., non-goal-oriented) action, 3 represents a deliberate 

action in response to another’s actions, and 5 represents a deliberate action taken with 

the explicit goal of affecting another’s mental state).  It is important to note that, even 

though the movements of the triangles in both goal-directed and ToM displays appear to 

be interactive and intentional, it is only in the latter case that one triangle appears to act 

in a way intended to affect the mental state of the other.  For this reason, descriptions of 

ToM displays would normally be expected to include mental state terms, and to receive 

higher “intentionality” scores than goal-directed displays (as defined in the scoring 

protocol).  In addition to the measures mentioned above, I also recorded total word count 

for each participant.  The primary researcher and two raters who were blind to group 

membership scored responses, and any discrepancies in scoring were resolved through 

discussion between all three raters.   
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Results 

As noted in Chapter 2, the demographics of the two study groups were similar, as 

was their performance on a range of screening measures used to assess basic visual 

functions, processing speed/visual attention, and intellectual ability.  As expected, the 

groups differed with regard to scores they obtained on a screening test used to measure 

autistic-like traits (the AQ), with parents of preterm children reporting more symptoms 

associated with autism in their children than parents of full-term peers.  Please refer to 

Table 2.1 for details regarding sample demographics and the results of the screening 

tests. 

Animated Triangles Task 

It is important to note that the descriptions provided by children in the preterm 

sample were shorter than those provided by their peers, overall [total word count: Mpreterm 

= 488.0, SD = 210.58 vs. Mfull-term = 632.5, SD = 286.48; t(68) = 2.39, p < .05].  This 

variable was significantly correlated with both appropriateness and intentionality scores 

(p < .05 in both cases).  For this reason, appropriateness and intentionality scores were 

analyzed using separate 2 (Group: Preterm, Full-term) x 3 (Display Type: Random, Goal-

directed, ToM) analysis of covariance (ANCOVA) tests that controlled for total word 

count. 

The ANCOVA on appropriateness ratings produced significant main effects of 

Group, F(1,67) = 4.01, p < .05, !2 = .06, and Display Type, F(2,134) = 5.83, p < 0.005, !2 

= .08.  Full-term children provided more appropriate descriptions of the animations 

overall (Mpreterm = 1.50, SD = .35 vs. Mfull-term = 1.67, SD = .36), but both groups of 
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children found the ToM displays the hardest to describe appropriately (see Figure 3.1).  

The Group x Display Type interaction was not significant. 

The ANCOVA on intentionality ratings produced a significant main effect of 

Display Type, F(2,134) = 38.07, p < .001, !2 = .36 and a significant interaction between 

Display Type and Group, F(2,134) = 9.54, p < .001, !2 = .13 (see Figure 3.2).  Follow-up 

tests of simple main effects showed that intentionality scores increased from random to 

goal-directed, and from goal-directed to ToM, for both groups (p < .001 in all cases), as 

would be expected.  But, more importantly, preterm children were found to over-attribute 

intentionality to random displays (p = .05), and under-attribute intentionality to ToM 

displays (p < .01), relative to full-term peers.  The two groups performed similarly on the 

goal-directed displays (p = .49).  

Certainty ratings on the animated triangles task were entered into a 2 (Group: 

Preterm, Full-term) x 3 (Display Type: Random, Goal-directed, ToM) analysis of 

variance (ANOVA).  Total word count was not included as a covariate in this analysis as 

it was not correlated with certainty scores.  Mean certainty ratings were very similar in 

the two groups (Mpreterm = 2.82, SD = .29 vs. Mfull-term = 2.94, SD = .24).  Indeed, no 

significant main effects or interactions were found, suggesting that descriptions of the 

animations provided by children in the two groups were equally fluent (i.e., one group 

was not more hesitant, or prone to long pauses, than the other). 

Relationships Between Variables 

After controlling for total word count in the animated triangles task, I found that 

AQ total scores were negatively correlated with ToM intentionality scores in the full 

sample, r(67) = -.24, p = .025, one-tailed.  This result indicates that children who 
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Figure 3.1  Mean (± SEM) appropriateness scores displayed as a function of display type 
(random, goal-directed and ToM) and group membership (full-term and preterm 
samples).  Although descriptions provided by preterm children were less appropriate than 
those of their peers, overall, both groups found the ToM displays the most difficult to 
describe. 
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Figure 3.2  Mean (± SEM)  intentionality scores displayed as a function of display type 
(random, goal-directed and ToM) and group membership (full-term and preterm 
samples).  Preterm children over-attributed intentionality to the random displays and 
unattributed intentionality to the ToM displays. 
* p < 0.05 level  
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displayed more autistic-like traits tended to under-attribute intentionality to the ToM 

displays, relative to those who displayed few autistic-like traits.  Correlations between 

AQ total scores and intentionality scores for the random and goal-directed displays were 

not significant. 

Age-Related Changes in the Ability to Interpret ToM Displays 

To examine possible within-group, age-related changes in children’s ability to 

interpret the ToM displays, I assessed correlations between age (in months) and both 

appropriateness and intentionality scores for full-term and preterm children separately.  

Both correlations were significant in the full-term sample [appropriateness: r(36) = .35, p 

< .05; intentionality: r(34) = .65, p < .001], with performance improving as a function of 

age.  In contrast, neither correlation was significant in the preterm sample 

[appropriateness: r(34) = .02, p = .91; intentionality: r(34) = -.14, p = .42].  One-tailed, 

Fisher z tests confirmed that the difference in the strength of the correlations measured in 

the two groups was significant for the intentionality scores, z = 3.66, p < .0001, and was 

not significant for the appropriateness scores, z = 1.38, p = .08. 

Medical Risk Factors 

To investigate relationships between medical variables and the ability to interpret 

ToM displays in preterm children, I computed correlations between ToM intentionality 

scores and each of the continuous medical variables (birthweight, gestational age, Apgar 

score at 5 min, days on ventilation, days on supplemental oxygen, and length of hospital 

stay).  Given the small sample size and the large number of correlations that were run, 

these results should be interpreted with caution.  For the remaining dichotomous medical 

variables (presence/absence of bronchopulmonary dysplasia at 28 days, abnormality in 
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brain imaging studies, and retinopathy of prematurity), I compared ToM intentionality 

scores of children with and without complications using independent samples t tests.  The 

same sets of analyses were undertaken to explore the relationship between medical risk 

and AQ total scores.  Even within this sample of very prematurely born children, 

birthweight was positively correlated with ToM intentionality scores, r(34) = .30, p < .05, 

one-tailed.  In addition, preterm children who showed evidence of bronchopulmonary 

dysplasia at 28 days displayed more autistic-like traits on the AQ than those who did not, 

t(32) = -2.26, p < .05.  No significant differences in performance were found between 

groups defined by the presence/absence of abnormalities in brain imaging studies or 

history of retinopathy of prematurity.   

Discussion 

The present results lend support to earlier reports indicating that children born at 

VLBW are at increased risk for displaying autistic-like traits (Eaton et al., 2001; Hultman 

et al., 2002; Indredavik et al., 2010; Johnson et al., 2010; Johnson & Marlow, 2009; 

Kuban et al., 2009; Lampi et al., 2012; Maimburg & Væth, 2006; Pinto-Martin et al., 

2011; Stephens et al., 2012).  They also extend this work by showing an association 

between the number of autistic-like traits identified through parental report measures, and 

impaired ability to attribute intentionality in a performance-based test of mentalizing 

skills (the animated triangles task).  

The specific problems with inferring intentionality seen in the preterm sample were 

similar to those that have been described in individuals with ASD when completing the 

animated triangles task (Abell et al., 2000; Jones et al., 2011; Zwickel et al., 2011).  

Specifically, when compared to matched full-term controls, children born preterm used 



SOCIAL COGNITION IN PRETERM CHILDREN 

 

57 

fewer mentalizing words when describing socially relevant ToM displays and more 

interactional terms when describing random displays.  Children born preterm received 

comparable intentionality scores to peers when describing goal-directed displays.  They 

also used more mentalizing words as the social meaning of the interactions increased, 

suggesting an underlying understanding that the scenes varied in the amount of 

interactional content.  These observations are important as they suggest that children in 

the preterm sample were not completely insensitive to the manipulation.  However, the 

fact that their descriptions were less appropriate, overall, suggests that, like children with 

ASD (see Zwickel et al., 2011), they use mentalizing words in a somewhat indiscriminate 

manner, perhaps in an effort to fulfill the assumed task requirements.   

While it seems likely that problems inferring intentionality underlie the difficulties 

that children born preterm experienced, it is important to rule out alternative explanations 

for these findings.  The literature suggests that processing speed, verbal intelligence and 

demographic variables (such as gender, family income, and maternal education) can 

affect performance on ToM tasks (Buitelaar, Wees, Swaab-Barneveld, & van der Gaag, 

1999; Cutting & Dunn, 1999; De Sonneville et al., 2002; Happé, 1995; Milligan, 

Astington, & Dack, 2007; Pears & Moses, 2003).  As such, it is important to highlight 

that the two groups in my study were matched on these variables, making it unlikely that 

the group differences observed were attributable to these factors.  Similarly, by 

controlling for total word count in the analyses of intentionality and appropriateness 

scores, reduced the likelihood that group differences emerged simply because children 

born preterm offered more succinct descriptions of the animations. 
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Another possibility that should be considered is that the observed group differences 

reflect underlying problems with memory in children born preterm, as difficulties in 

working, spatial and episodic memory have been described in this population (e.g., 

Anderson & Doyle, 2004; Isaacs et al., 2000; Luciana et al., 1999; Woodward, Edgin, 

Thompson, & Inder, 2005).  In this regard, one should note that, as part of a separate 

investigation, I assessed how well participants recalled details about specific objects that 

appeared in short video clips (19-40 s in length) depicting social interactions (see Chapter 

2 for further details).  Not only did children born preterm recall just as many details about 

objects in these scenes as their full-term peers in that study, but I confirmed that these 

visual memory scores were not correlated with the ToM intentionality scores they 

obtained in the present study, r(34) = .19, p = .28.  Given this, it is unlikely that the group 

differences observed in the animated triangles task arose from group differences in the 

ability to recall details about the animations.  

It will be interesting in future work to determine if/how problems with executive 

function contribute to difficulties in social attribution in children born preterm.  Deficits 

in both executive function and ToM are often seen in individuals with ASD (e.g., 

Ozonoff, Pennington, & Rogers, 1991), but whether these deficits are linked or simply 

co-occur is not clear.  Interestingly, Hu, Chan and McAlonan (2010) have recently shown 

that typical children’s performance on social attribution tasks similar to the animated 

triangles task used here is not related to their performance on tests of executive function, 

after controlling for age and verbal IQ.    

Hu et al. (2010) tested the social attribution skills of typically developing 6- to 13-

year olds using a task similar to the animated triangles task used here, and a modified 
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version of the task in which the moving figures were animals rather than geometric 

shapes.  While the modified task was sensitive to developmental changes across the full 

age range of participants, performance on the conventional task only showed age-related 

improvement in children over the age of 9.  The authors concluded that social attribution 

tasks involving animated shapes may be too abstract for young children, or those with 

developmental problems, and that difficulties appreciating the symbolic nature of the 

stimuli may compromise the performance of these groups.  In the present study, which 

involved children between the ages of 8 and 11 years, I found evidence of age-related 

improvement in the ability to interpret ToM displays in full-term but not preterm 

children.  Given this, it is possible that problems with symbolic representation may have 

contributed to the difficulties children born preterm experienced in attributing social 

meaning to the animations.  It is also possible, however, that in these children, social 

attribution skills simply follow a different developmental trajectory than that seen in 

typical development.  Longitudinal research is needed to address this question.  

Investigators undertaking such research should consider using less abstract social 

attribution tasks, such as the modified Social Attribution Task described by Hu and 

colleagues (2010).  

A variety of other factors could contribute to difficulties with social attribution in 

children born preterm.  For example, recent work shows that children born at VLBW are 

at risk for experiencing difficulties with low-level and more complex forms of motion 

perception (Jakobson et al., 2006; Mackay et al., 2005; Taylor & Jakobson, 2010; Taylor 

et al., 2009).  An important focus of future research should be to determine the extent to 

which such problems contribute to difficulties with social attribution in this population.  
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One approach to this question might be to study the performance of children born preterm 

on a visual ToM task that uses static stimuli, such as The Eyes test (Baron-Cohen et al., 

1997a).  Another might be to study ToM skills in verbal tasks, such as Happé’s Strange 

Stories Task (Happé, 1994).  

Even within this sample of children born at VLBW, birth weight was related to 

social attribution skills, and children with a positive history of bronchopulmonary 

dysplasia showed more signs of autism by parent report than children without such a 

history.  Additional research involving children born preterm across a broader range of 

birthweights and gestational ages may help to identify important risk markers for poor 

social outcomes.  Research incorporating sophisticated brain-imaging techniques that can 

detect subtle damage or dysfunction in the preterm brain will also help in this regard.  For 

instance, future research could map similarities and differences in brain activation 

patterns as preterm and full-term children watch random, goal-directed, and ToM 

animations.  Studies of this nature may provide important insights into the causal 

pathway leading to problems with social perception and social cognition in children born 

preterm.   

The results of this study make an important contribution to a growing literature 

showing that preterm children are at risk for social and behavioral problems similar to 

those seen in children with autism.  More research is needed to identify the causal 

pathway behind these functional impairments, and to determine if it is the same as that 

operating in full-term children with ASD (Johnson & Marlow, 2011).  The long-term 

goal of the present research is to improve our understanding of the development and 
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functioning of the social brain, and to improve screening tools and clinical interventions 

used with populations at risk for impaired social functioning. 
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CHAPTER 4 - LOCAL AND GLOBAL ASPECTS OF BIOLOGICAL 

MOTION PERCEPTION IN CHILDREN BORN VERY PRETERM 

Children born at VLBW are at increased risk for impairments in cerebral (central) 

visual function (e.g., Atkinson & Braddick, 2007; Atkinson et al., 2008; Cooke, Foulder-

Hughes, Newsham, & Clarke, 2004; Hård, Niklasson, Svensson, & Hellstrom 2000; 

Jakobson, Frisk, Knight, Downie, &Whyte, 2001; Ramenghi et al., 2010).  Research in 

the Jakobson laboratory has revealed difficulties with multiple aspects of motion 

perception, including reduced sensitivity to first- and second-order local motion, to global 

motion in random dot kinematograms (MacKay et al., 2005; Taylor et al., 2009), and to 

2D motion-defined forms (Downie et al., 2003; Jakobson et al., 2006).  These difficulties 

can co-occur with other problems associated with dysfunction in the dorsal cortical visual 

stream, including impaired visual search, stereopsis, visuoconstructive, and visuomotor 

skills (Jakobson et al., 2006).  Interestingly, despite these problems, children born very 

prematurely often perform relatively well on tasks requiring static form perception (e.g., 

Jakobson et al., 2001; Taylor et al., 2009).  These results are consistent with the view that 

the dorsal stream is more susceptible to developmental perturbations than the ventral 

stream -- a conclusion that gains support from numerous behavioral and neuroimaging 

studies (e.g., Atkinson & Braddick, 2007; Jakobson et al., 2006).  

Dynamic cues are important for on-line visuomotor control and other dorsal 

stream functions, but they also contribute to a range of social perceptual/cognitive 

functions that help us understand the actions and intentions of others.  In this regard, one 

area of visual function that has received some attention in children born preterm is 

biological motion perception -- the ability to recognize the movements of human and 
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other animals based purely on information available from the movements of lights 

attached to the head and major joints of the body.  In his pioneering research into this 

ability, Johansson (1973, 1976) demonstrated that human observers can recognize human 

actions even with exposure durations under 200 ms.  Subsequent work has shown that 

they can also readily extract socially relevant attributes such as gender, age, and mental 

states (Barclay, Cutting, & Kozlowski, 1978; Bassili, 1978; Blakemore & Decety, 2001; 

Dittrich, 1993; Dittrich, Troscianko, Lea, & Morgan, 1996; Pollick, Paterson, Bruderline, 

& Sanford, 2001; Troje, 2002a, 2002b), and identify familiar individuals such as friends 

or family members (Cutting & Kozlowski, 1977) from these degraded displays.  The 

saliency of these displays makes sense from an evolutionary perspective, given the 

importance of being able to detect conspecifics and potential predators or prey within the 

environment, and to identify and appropriately respond to their actions and intentions 

(Mather & West, 1993; Troje & Westhoff, 2006).   

To date, studies examining the effects of prematurity and associated 

complications on the processing of biological motion stimuli have focused exclusively on 

the question of whether preterm children are impaired in their ability to perceptually 

organize point-light displays using structure-from-motion cues (Pavlova, Bidet-Ildei, 

Sokolov, Braun, & Krageloh-Mann, 2008a; Pavlova et al., 2006a; Pavlova, Sokolov, 

Birbaumer, & Krageloh-Mann, 2006b; Pavlova et al., 2005; Pavlova, Staudt, Sokolov, 

Birbaumer, & Krageloh-Mann, 2003; Taylor et al., 2009).  In a recent study examining 

global processing of form and motion cues, 5- to 9-year-old preterm children born at <32 

weeks gestation had higher coherence thresholds for global motion and global form 

perception, and reduced sensitivity to global motion cues signaling body structure in 
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point-light displays, relative to full-term children (Taylor et al., 2009).  Impairments were 

most marked in the tasks involving dynamic stimuli -- a result consistent with the idea of 

dorsal stream vulnerability.  

Pavlova et al. (2003) suggested that deficits shown by preterm children in 

processing structure-from-motion in point-light displays are related to the presence of 

periventricular leukomalacia (PVL) -- the most common ischemic brain injury affecting 

premature infants (Volpe, 2001).  Indeed, in their work, impairment in the ability to use 

global, structure-from-motion cues to detect a point-light walker within a field of 

masking dots was specifically correlated with the extent of damage to the parieto-

occipital white matter (Pavlova et al., 2003).  These authors suggested that PVL could 

interfere with performance on this task by disrupting (a) a cortical-subcortical network 

involved in visual binding and spatial attention; (b) white matter pathways connecting 

regions involved in biological motion perception, specifically; or (c) the development of 

the posterior cerebral cortex.  One cortical region that may be implicated is the superior 

temporal sulcus (STS) -- an area involved in biological motion perception (e.g., Wright et 

al., 2003), and which shows atypical morphology in many very premature children 

(Zubiaurre-Elorza et al., 2009). 

Despite this interesting research, it is important to note that being able to extract 

structure-from-motion is only one important feature of biological motion perception 

(Troje & Westhoff, 2006).  Indeed, Troje (2008) hypothesized that four key processes are 

involved.  The first of these is the ability to extract the local motion present in the 

ballistic movements of the limbs of terrestrial animals.  This information provides the 

visual system with cues that allow us to orient towards and distinguish a moving animal 
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from its environment quickly, without undertaking a detailed analysis of its shape 

(Thompson, Hansen, Hess, & Troje, 2007; Troje & Chang, 2013; Troje & Westhoff, 

2006).  It is suggested that once a creature is detected, the structure-from-motion 

mechanism comes into operation, organizing the movements of individual body parts to 

allow perception of an animal’s structure or shape.  At the next level -- action recognition 

-- classification and categorization of actions are achieved through the integration of 

structural and kinematic information.  Troje proposed that the mechanism supporting 

these operations is designed to detect invariants and that, as such, it should operate well 

regardless of the particular agent, viewing conditions, or style of action.  Lastly, a style 

recognition mechanism has been proposed to operate after the agent and action have been 

perceived.  This mechanism is involved in pattern recognition at a subordinate level (cf. 

Rosch, 1988) and is used to retrieve specific information about the agent and action, such 

as individual identity, gender, age, emotional state, or personality traits (Troje, 2002a, 

2002b; Troje, Sadr, Geyer, & Nakayama, 2006; Troje, Westhoff, & Lavrov, 2005; 

Westhoff & Troje, 2007).  Although, to date, only the operation of the structure-from-

motion mechanism has been studied in children born at VLBW, research has examined 

all four aspects of biological motion perception in full-term infants and children.   

Biological Motion Perception in Typical Development 

Developmental studies have shown that even infants are sensitive to biological 

motion (Arterberry & Bornstein, 2001; Bardi, Regolin, & Simion, 2011; Bertenthal, 

Profitt, & Cutting, 1984; Bertenthal, Profitt, Kramer, & Spetner, 1987; Bertenthal, Profitt, 

Spetner, & Thomas, 1985; Fox & McDaniel, 1982; Kuhlmeier, Troje, & Lee, 2010; 

Moore, Goodwin, George, Axelsson, & Braddick, 2007; Simion, Regolin, & Bulf, 2008).  
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In the first study of biological motion processing in infants, Fox and McDaniel (1982) 

showed that by 4 months infants prefer to view upright biological motion displays 

compared to inverted displays or displays depicting randomly moving dots, suggesting 

that they are tuned to the natural movement in these displays.  Indeed, Kuhlmeier et al. 

(2010) have shown that 6-month-old infants can use information contained in upright (but 

not inverted) biological motion displays to discern the facing direction of a walker.  

Whether infants in these two studies were focusing on the local or the global cues present 

in the displays, or both, cannot be determined as both types of cues were present.  

Recently, however, Bardi et al. (2011) have shown that newborns spontaneously prefer 

biological motion sequences to rigid non-biological motion, even if the biological motion 

has been spatially scrambled.  Similar observations have been reported in visually naïve 

chicks reared and hatched in darkness, who prefer displays depicting both coherent and 

scrambled biological motion over those depicting rigidly rotating hens or randomly 

moving dots (Vallortigara, Regolin, & Marconato, 2005).  The preference for scrambled 

biological motion is significant in these studies, as it suggests an innate sensitivity to 

invariants contained in the local motion that support “life detection.”  It is not yet known 

when the processing of these local invariants reaches adult levels.  There is, however, 

some evidence to suggest that the ability to use global motion cues to retrieve the shape 

of a moving body does not reach adult levels until 5 years of age (Pavlova, Krageloh-

Mann, Sokolov, & Birbaumer, 2001).  

Several studies have explored infants’ and young children’s ability to recognize 

specific actions from information contained in biological motion displays (Booth, 

Bertenthal, & Pinto, 2002; Golinkoff et al., 2002).  Booth et al. (2002) showed that 3-
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month-olds can use differences between the local movements of the limbs to discriminate 

between displays depicting walking and running.  Golinkoff et al. (2002) showed that 3-

year-olds looked longer at point-light displays depicting actions named by the 

investigators (e.g., walking and dancing) in a preferential looking paradigm, and were 

also able to supply labels for these actions.  The ability to map perceived actions onto 

one’s own body also begins to emerge early in life.  Thus, Sanefuji, Ohgami, and Hashiya 

(2008) showed that infants could not only discriminate between point-light displays 

depicting walking and crawling, but also preferred actions similar to those they 

themselves could produce.  

The fourth process that Troje (2008) described is the ability to extract information 

about style characteristics.  Amazingly, infants aged 4-8 months have been shown to 

discriminate different facial expressions using information from facial point-light 

displays (Soken & Pick, 1992), and to discriminate between different individuals 

depicted in computer-generated faces differing only in their motion sequences (Spencer, 

O'Brien, Johnston, & Hill, 2006).  But while the ability to extract information about this 

kind of stylistic information is clearly apparent early in life, other work suggests that this 

skill is still not fully developed in 4-year-olds (Doi, Kato, Hashimoto, & Masataka, 

2008).  These results suggest that studies charting the developmental trajectory of this 

ability would be useful. 

The Present Study 

The primary goal of the present research was to assess the impact of prematurity 

and associated complications on the development of all four of the processes described 

by Troje (2008), including not just structure-from-motion processing, but also local 
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motion processing, action recognition and style recognition.  This is important as past 

research suggests that distinctive patterns of intact and impaired biological motion 

perception abilities can be identified in certain clinical groups.  For example, Parron et al. 

(2008) recently reported that the ability to extract emotion from whole-body point-light 

displays is impaired in children with autism, even though their ability to recognize 

specific actions and subjective states (such as feeling itchy or cold) from these displays 

appears to be intact.   

A secondary goal of the present research was to determine whether deficits in 

particular aspects of biological motion perception are related to the presence of autistic-

like traits.  Recent reports suggest that in children born weighing < 2000 g the prevalence 

of ASD is 5% -- a value approximately five times higher than that seen in the general 

population (Pinto-Martin et al., 2011).  It is important to determine how/if core deficits in 

social perception/cognition contribute to the development of the symptoms of autism in 

preterm children.  Research examining these questions will not only provide important 

insights into the typical and atypical development of the social brain, but may also 

provide useful information for those involved in designing diagnostic tests and 

intervention strategies for use with this specific population.  

Materials and Methods 

Participants 

With two exceptions, the participants in this study were the same as those 

described in Chapter 2.  Data from the biological motion tasks (described below) were 

not collected from one full-term child due to a computer error, and data from one preterm 

child could not be included because that child completed a different version of the tasks 
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than the other participants.  This left a final sample of 33 children born at VLBW, and 35 

age-matched controls born at term. 

Screening Tests and Parent Report Measures 

 As noted in Chapter 2, all children completed a series of screening tests (assessing 

basic visual functions, processing speed/visual attention, and intelligence).  In addition, 

parents completed a demographic measure and a measure used to assess autistic-like 

traits in children (the AQ).  Please see Chapter 2 for details. 

Biological Motion Perception Test Battery   

Biological motion stimuli were presented on a PC computer, using custom-made 

software (http://www.biomotionlab.ca).  The database includes motion-captured data 

from 50 male and 50 female walkers (for further information about the data acquisition 

and the creation of the stimuli, see Troje, 2002a).  Four tasks were administered in a fixed 

order: Detection, Direction, Action and Identity (for full details on test construction, see 

Saunders, 2011). 

Detection task.  The walker used for this task was an 11-dot point-light figure 

with single dots representing the head, one shoulder, one hip, and each of the two elbows, 

wrists, knees and ankles.  The walker was shown facing either left or right and walking in 

place, as if on a treadmill.  Here and in the subsequent tasks, the walker’s height was 4º 

degrees of visual angle, and it was presented on a black background using white dots that 

subtended 0.1º of visual angle.  In each trial of the detection task, two displays were 

presented sequentially for 1 s each, with an inter-stimulus interval of 0.5 s.  One 

contained a coherent walker (the target), presented within a mask derived from similarly 

oriented point-light figures that had been spatially scrambled.  The position of the 
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coherent walker was randomized within a 5 x 5º display window across trials.  The other 

(non-target) display contained the same number of dots as the target display, but in this 

case all dots were derived from scrambled walkers.  The display that contained the target 

(first or second) and the target’s facing direction (left or right) were randomized over a 

total of 40 trials.  On each trial, the child’s task was to indicate which of the two displays 

contained the coherent walker.  Responses were made via a key press, using the child’s 

preferred hand.  Each response was followed by a 1 s interstimulus interval, after which 

the next trial began.  Because the scrambled-walker mask renders local motion cues 

uninformative, viewers must be able to extract motion cues to reveal global body 

structure in order to determine which display contains the target. 

The number of masking dots was varied trial by trial based on the QUEST method 

(Watson & Pelli, 1983), an established staircase procedure that allows one to estimate a 

perceptual threshold in a relatively small number of trials2.  This feature makes it useful 

when testing children and clinical populations, especially in cases where the viewer may 

have difficulty maintaining attention.  In the present task, the threshold was defined as the 

number of noise dots that could be tolerated while maintaining an 82% correct detection 

rate (a performance criterion shown to result in efficient threshold estimation; King-

Smith, Grigsby, Vingrys, Bene, & Supowit, 1994).  Higher dot counts at criterion 

represent better performance. 

                                                
2 Compared to the method of constant stimuli or staircase methods that use fixed step 
sizes, the QUEST procedure requires less prior knowledge of the distribution of 
thresholds in a given population (Watson & Fitzhugh, 1990).  Test level intensity for each 
trial is based on a set of assumptions regarding the psychometric function, and on the 
participant’s performance on preceding trials (see Saunders, 2011).   
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Direction task.  The walker used for this task was a 15-dot point-light figure.  

This walker contained the dots used in the 11-dot figure described above, plus an 

additional four dots representing the sternum, the second shoulder, the center of the 

pelvis, and the second hip.  On each trial, the walker was presented in the center of the 

screen and was horizontally scrambled, meaning that the location of the each dot was 

randomly reassigned from trial-to-trial, keeping the dot trajectory in the same vertical 

position but varying its position in the horizontal plane.  The stimuli were also phase 

scrambled (i.e., the point in the step cycle was randomized).  This method of scrambling 

was used because it disrupts any horizontal asymmetries that can be used as structural 

cues to direction, while maintaining the vertical structure and all the local motion 

features.  The only cues that provide information about the walker’s facing direction are 

contained in the local motion of individual dots (Hirai, Chang, Saunders, & Troje, 2011). 

On each of 40 test trials, a walker was presented for 1 s, and the child was asked 

to indicate its facing direction (left or right) quickly and accurately, using a key press.  

The next trial began 1 s later.  The direction the scrambled walker was facing was chosen 

between 0º (frontal view) to ± 90º (sagittal view) across trials, as determined by the 

QUEST procedure.  Here, a sagittal walker had maximum stimulus intensity as it 

provided the strongest directional cues.  Thus, smaller viewing angles at criterion 

indicated better performance.  As past researchers have found this task to be more 

challenging than the detection task (Saunders, 2011), the criterion used to determine 

threshold-level performance was set at 75% correct (rather than 82% correct, as in the 

detection task).   
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Action task.  In this task, stick figures displaying 10 different actions were 

presented, one at a time, in the center of the display.  Stick figures were used instead of 

point-light walkers because the goal of this task was not to assess viewers’ ability to 

perceptually organize the dots into a coherent figure, but rather to determine whether they 

could extract information about specific actions from degraded stimuli.  The actions 

depicted in the task were catching a ball, climbing stairs, jumping, jumping jacks, 

kicking, lifting, running, sitting, throwing a ball and walking.  Each action was shown 

from three different viewing angles [0º (frontal view), 30º, and 90º (sagittal view)], for a 

total of 30 randomly ordered trials.  On each trial, the child chose the label that best 

described the action from a list of 10 descriptors.  Stimuli were presented for 1 s, and 

responses were followed by a 1 s inter-trial interval.  Proportion correct was the 

dependent variable.             

Identity task.  This test was designed to measure the child’s ability to recognize 

and name different individuals by their unique walking styles.  The task involved a 

memorization phase, followed by two acquisition blocks, each of which consisted of 

learning trials (naming) and test trials (old-new discrimination).  In the memorization 

phase, participants were shown three different stick figures, each associated with a unique 

name (Lee, Joe, Raj).  Each was presented for 5 s at 0º (frontal view) and at 45º, for a 

total of 6 trials, which were separated by inter-trial intervals of 1 s.  During the naming 

trials of each acquisition block, the child had to indicate (with a key press) which of the 

three walkers was being presented.  The walker remained on the screen until a button was 

pressed.  Corrective feedback was given on each trial, and the next trial began 1 s later.  

The child completed 18 naming trials.  During each of the 45 old-new discrimination 
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trials comprising each acquisition block, a figure was presented in the center of the 

screen, and the child was asked to indicate (through a button press) if the walker currently 

being viewed was from the original (memorization) set or was new.  Overall, during old-

new discrimination testing, half of the walkers were new (with no repeats) and half were 

from the original set (with each walker presented an equal number of times from each 

viewing angle).  No feedback was given during old-new discrimination testing.  Hits and 

false alarms on the old-new discrimination trials were used to compute d’, which 

provided a measure of the child’s sensitivity in this recognition task.   

Results 

Given that the final sample of participants was different than that taking part in 

the studies described in Chapters 2 and 3, I re-assessed the comparability of the two 

subgroups of children on the demographic and screening measures (as described below).  

Preterm and full-term children were similar in terms of age-in-months (independent 

samples t test), and showed similar gender distributions (Chi-squared test), parental 

education levels, and family incomes (Mann-Whitney U tests).  Rates of left-handedness 

were low and similar across preterm and full-term children.  Children in the two groups 

also showed comparable speed and accuracy on the letter cancellation task (used to assess 

processing speed and visual attention), and had comparable verbal intelligence, as 

estimated by standard scores on the PPVT-4 (independent samples t-tests).  In addition, 

the groups showed comparable performance on the visual screening tests.  The majority 

of children had 20/25 visual acuity or better (66/68 participants).  The remaining two 

participants had adequate vision for neuropsychological testing, according to standards 

suggested by Capruso et al. (1995).  Results of the other two visual screening measures 
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showed both low and comparable rates of problems with binocular fusion and 

stereoacuity in the two groups.  As before, it was only in the analysis of AQ total scores 

that the two groups differed significantly, with preterm children being rated by their 

parents as showing more autistic-like traits than full-term peers, F(1, 66) = 5.22, p = .03, 

!2 = .07.  See Table 4.1 for group means. 

Biological Motion Perception Test Battery 

As noted above, I computed thresholds for detecting biological motion in noise in 

the detection task (number of masking dots to achieve 82% correct detection), thresholds 

for discerning facing direction in the direction task (left/right deviation from the frontal 

view needed to achieve 75% correct discrimination of facing direction), accuracy (% 

correct) in the action recognition task, and sensitivity for individual walkers (d’) in the 

old-new discrimination trials of the identity task.  I first looked for age-related changes in 

task performance by correlating age (in months) with each score; these correlations were 

run in each group, separately.  As can be seen in Table 4.2, full-term (but not preterm) 

children showed age-related improvement in performance in the Action and Identity 

tasks, but age was not related to performance in either group in the Detection or Direction 

tasks.  For this reason, age was considered as a second grouping factor when analyzing 

the data from the Action and Identity tasks only (see below).  Note that, due to a 

computer error, data for the identity task were not collected for one 10-year-old, full-term 

child. 

Detection task.  A one-way analysis of variance (ANOVA) confirmed that full-term 

children were more sensitive to the presence of masked walkers than preterm children 
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Table 4.1 

Demographic and Screening Measures for the Full-term and Preterm Samples 

 Full-term Children (n = 35) Preterm Children (n = 33) 

Gestational Age (weeks) Inclusion criteria specified a 
range of 38-42 

28.3 (SD 2.3),                  
range of 25-33 

Birthweight (g) 3624 (SD 449),                 
range of 2523-4730 

1079 (SD 251),               
range of 600-1467 

Age (years: months) 10:3 (SD 14.8 months),    
range of 8:0 to 11:9 

10:0 (SD 14.9 months),  
range of 8:3 to 11:11 

Gender Distribution  17 Female; 18 Male 18 Female; 15 Male 

Handedness 5 Left; 30 Right 4 Left; 29 Right 

Parental Education (mode) Partial or completed 
college/university or 
specialized training  

Partial college/ university 
or specialized training  

Family Income (mode) Over CAD $75,000 Over CAD $75,000 

Visual Acuity 20/20: 32 20/50: 0 20/20: 28 20/50: 1 

 20/25: 2 20/63: 1 20/25: 4 20/63: 0 

Binocular Fusion   33 Passed; 2 Failed 31 Passed; 2 Failed 

Stereoacuity 33 Passed; 2 Failed 30 Passed; 3 Failed 

Cancellation (time in s) a 37.1 (SD 16.6) 37.2 (SD 14.9) 

Cancellation (errors) a 0.8 (SD 1.1) 1.4 (SD 1.4) 

PPVT-4 (standard score) a 112.7 (SD 11.3) 108.1 (SD 12.4) 

AQ (total score) 52.7 (SD 11.0) 59.8 (SD 14.4)* 

a Age-corrected standard scores on the Peabody Picture Vocabulary Test, 4th edition were used  
to estimate verbal intelligence; see Intellectual screening and Results sections for further details. 
* p < 0.05 



SOCIAL COGNITION IN PRETERM CHILDREN 

 

76 

Table 4.2           

Inter-correlations between Biological Motion Tasks and Age/AQ Total Scores 

   Detection Direction Action Identity 

Age (in months) Full-term 0.217 0.118 .315* .560*** 

  Preterm 0.204 -0.058 -0.009 -0.126 

AQ total Full-term -0.241 -0.255 -0.246 -0.137 

  Preterm -.369* 0.215 -0.105 .448** 

* p < .05, ** p < .01, *** p < .001 " " " "
Notes: Correlation with Action and Identity scores control for age (in months).  Bolded box 
indicates significant difference between full-term and preterm correlations, p < .05, Fisher r-to-z 
transformation test. 
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were (i.e., they achieved the 82% correct detection threshold at higher levels of mask 

density) (Mpreterm = 31.9 dots, SEM = 3.2 vs. Mfull-term = 41.0 dots, SEM = 3.1), F(1, 66) = 

4.11, p < .05, !2 = .06.   

Direction task.  Children found the direction task quite challenging.  Indeed, only 

53% of the study participants were able to achieve threshold levels of performance (75% 

correct direction discrimination).  Importantly, however, the proportion of children who 

were able to achieve threshold was similar in all four subgroups, "2(3) = 0.36, p = .95 

(Preterm8-9 years = 50%; Preterm10-11years = 59%; Full-term8-9 years = 53%; Full-term10-11 years 

= 50%).  As the analyses described below were restricted to data obtained from those 

children who met this performance criterion (Preterm n = 18, Full-term n = 18), I 

assessed whether these subgroups were well matched on all demographic measures, had 

comparable estimated verbal intelligence, and showed similar accuracy and completion 

times on the letter cancellation task; this was indeed the case.  A one-way ANOVA on 

direction thresholds produced a significant main effect of Group, F(1, 34) = 5.02, p < .05, 

!2 = .13, with preterm children needing stronger directional cues than full-term children 

to assess facing direction from local motion cues (Mpreterm = 43.0o, SEM = 6.1 vs. Mfull-term 

= 23.8o, SEM = 6.1).  

Action task.  To investigate age-related differences in performance on the Action 

task, each sample was split into subgroups of younger children (8- to 9-year olds; Full-

term n = 16; Preterm n = 16) and older children (10- to 11-year olds; Full-term n = 19; 

Preterm n = 17).  I confirmed that, with one exception, the four subgroups were well 

matched on all demographic and screening measures.  The exception was that older 

children had faster processing speeds than younger children did (as measured by the 
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cancellation task), F(1, 64) = 8.16, p < .01, !2 = .11.  Given this, I analyzed the data from 

the Action task using a 2 (Group: Preterm, Full-term) x 2 (Age Category: 8-9 year olds, 

10-11 year olds) analysis of covariance (ANCOVA) that controlled for processing speed.  

This analysis only produced a significant main effect of Group, F(1, 63) = 5.64, p < .05, 

!2 = .08, with preterm children being less accurate than full-term controls at identifying 

the actions of moving stick figures (Mpreterm = 83.5% correct, SEM = 1.2% vs. Mfull-term = 

87.3% correct, SEM = 1.1%).  

Identity.  A 2 (Group) x 2 (Age Category) ANCOVA controlling for processing 

speed was conducted on d’ scores in the Identity task.  This analysis produced only a 

significant Group x Age Category interaction, F(1, 62) = 12.04, p = .001, !2 = .16 (see 

Figure 4.1).  Follow-up tests of simple main effects showed that only in the full-term 

samples did sensitivity to the identities of individual walkers show age-related change (p 

= .002).  This resulted in a group difference in the older age category, with full-term 

children outperforming preterm children (p = .001).  

Relationships Between Variables.  

As can be seen in Table 4.2, AQ total scores were not correlated with scores on any 

of the tasks in the full-term sample.  In the preterm sample, they were negatively 

correlated with thresholds in the Detection task and positively correlated with d’ scores in 

the Identity task.  In the latter case, the correlation was significantly stronger than that 

seen in the full-term children.  These results indicate that preterm children who displayed 

more autistic-like traits had more difficulties detecting global biological motion but, 

interestingly, were more sensitive to idiosyncratic movement styles. 
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Figure 4.1  Mean d’ scores (± SEM), on the Identity task displayed as a function of age 
and group membership.  Follow-up tests of simple main effects showed age-related 
improvement in sensitivity in full-term children only.  
** p < 0.01 level, *** p < 0.001 level 
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Medical Risk Factors.   

To investigate relationships between medical variables and the ability to process 

biological motion in preterm children, I computed correlations between performance 

measures on the biological motion tasks and each of the continuous variables extracted 

from the children’s medical records (birthweight, gestational age, Apgar score at 5 min, 

days on ventilation, days on supplemental oxygen, and length of hospital stay).  For the 

remaining dichotomous medical variables (presence/absence of bronchopulmonary 

dysplasia at 28 days, abnormality in brain imaging studies, and retinopathy of 

prematurity), I compared scores on the biological motion tasks for children with and 

without complications using independent samples t tests.  Given the small sample size 

and the large number of analyses that were run, these results should be interpreted with 

caution.  However, even within this sample of very prematurely born children, days on 

oxygen were negatively correlated with detection threshold, r(33) = -.31, p < .05; thus, as 

neonatal oxygen requirements went up, sensitivity to masked walkers in childhood 

decreased.  In the action task, better performance was seen in children who had spent 

fewer days on oxygen, r(33) = -.41, p < .01, or on mechanical ventilation, r(33) = -.34, p 

< .05, or who had shorter hospital stays, r(33) = -.36, p < .05.  In addition, preterm 

children with a history of abnormal findings in brain imaging were less accurate at 

identifying actions than those with no atypical findings, t(31) = 2.73, p = .01.  

Discussion 

The present study examined the ability of children born preterm at VLBW to 

process biological motion.  As has been reported in earlier work (Pavlova et al., 2003, 

2005, 2006a, 2006b, 2008a; Taylor et al., 2009), children born preterm had more 
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difficulty than full-term controls detecting a coherent walker amongst a field of 

scrambled walkers -- a task that requires the extraction of motion-mediated body 

structure.  But in addition, this research extends the literature by showing that children 

born preterm are also impaired in their sensitivity to the visual filters that signal the 

presence of articulated animals and their locomotion independently of their particular 

shape.  Furthermore, they demonstrate deficits in action recognition and they are 

impaired in using stylistic cues -- at least in the context of person recognition.  Group 

differences in performance across the four biological motion tasks were not due to group 

differences in several key demographic variables (parental education, family income).  

They could also not be attributed to differences related to variables such as gender, 

handedness, processing speed, or verbal abilities/estimated intelligence as the groups 

were well matched on these variables.  However, while these results suggest that 

premature birth and associated complications are risk factors for atypical development of 

the systems involved in processing biological motion, it is important to consider the 

potential impact of other potentially relevant variables when interpreting these results.   

Although perceptual organization (structure-from-motion processing) is essential 

for success in the detection task, difficulties on this task could also arise from 

impairments in processing speed, selective attention, visual working memory, and/or 

figure-ground segregation.  One can be fairly confident that the first three of these factors 

did not play a large role in the problems observed in children born preterm, as their 

performance on the letter cancellation task was comparable to that of full-term controls.  

This task requires an individual to keep a target in mind while quickly searching for 

instances of it within a cluttered visual display; as such, it involves all three skills noted 
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above.  At this point, it cannot be ruled out that problems with figure-ground segregation 

may have contributed to preterm children’s poor performance on this particular task, 

especially given previous reports of impaired figure-ground segregation in this population 

(Amicuzii et al., 2006; Davis, Burns, Wilkerson, & Steichen, 2005; Hård et al., 2000).  

However, it is important to note that past research suggests that children born preterm are 

at risk for experiencing problems with a wide range of motion processing tasks, many of 

which do not require figure-ground segregation (Downie et al., 2003; Jakobson et al., 

2006; MacKay et al., 2005; Taylor et al., 2009).  This ability was also not required in the 

direction, action, and identity tasks included in the present test battery, in which preterm 

children were also impaired.  Together, these observations suggest that difficulties with 

figure-ground segregation, if present, are unlikely to fully account for the problems this 

sample of preterm children experienced in the detection task, and that these reflect 

instead difficulties extracting motion-mediated cues to global body structure.  

Tasks that examine our ability to discern the direction a walker is facing can often 

be solved using two very different and, to a large degree, independent sources of 

information, namely, motion-defined cues to body shape, and specific local motion cues 

(in the case of terrestrial animals with legs, the local motion of the feet appears to be 

critical; see Saunders, Suchan, & Troje, 2009; Troje & Chang, 2013).  In the direction 

task, scrambled walkers were used and, as a result, participants were forced to rely solely 

on local motion cues present in the displays to make their directional judgments.  For 

reasons outlined above, I suspect that many children born at VLBW in this sample had 

problems processing these motion cues.  It is possible, however, that problems with 

left/right confusion and/or with distinguishing between stimuli that are mirror-images of 
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one another may also have played a role.  Indeed, research in the Jakobson laboratory 

does suggest that some preterm children may have subtle problems with mirror-normal 

discrimination (Taylor, 2008; Taylor & Jakobson, 2009, 2013).  Further exploration of 

the role these problems may play in the processing and interpretation of biological 

motion, or in the ability to copy the movement of others (an important component of 

observational learning), would be an interesting avenue for future research. 

 Both local motion invariants and global (configural) motion cues convey 

semantic, socially relevant information that contributes to our ability to identify particular 

actions and individuals.  In the present study, a solitary (unmasked) stick figure was used 

in both the action and the identity tasks.  Observers were not required to perceptually 

organize the dots into a coherent articulated shape (as would be required with a point-

light figure), or to engage in figure-ground segregation.  The fact that preterm children 

showed impairments on these two tasks, relative to full-term controls, suggests they have 

difficulty detecting invariants that define particular actions, and performing the type of 

pattern recognition needed to retrieve specific information about the identity of the agent.  

However, while these skills are essential for successful performance in these tasks, the 

identity task also involves visual learning and memory.  It is possible that problems in 

this area may have contributed to poor performance on the identity task, above and 

beyond any problems associated with pattern recognition.   

Although one cannot rule out the possibility that problems in the areas described 

above contributed to the difficulties I observed in my preterm sample, the most 

parsimonious explanation for the present set of findings is that (perhaps in addition to 

these problems) preterm children have generalized difficulties in processing the 
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movements of living entities.  Additional support for this hypothesis comes from the fact 

that the same group of VLBW children studied here also show impairments on tasks 

requiring the analysis and interpretation of animate motion displays of the sort introduced 

by Heider and Simmel (1944), and naturalistic social interactions depicted in videotaped 

scenes (see Chapter 2 and 3 for further details).  These findings extend previous reports 

of vulnerability in systems involved in processing dynamic cues in children born preterm 

(e.g., MacKay et al., 2005; Taylor et al., 2009).   

 One question that remains is whether preterm children improve or, indeed, “catch-

up” to their peers in these areas of visual function over time.  It seems unlikely that this 

would be the case, as age-related improvement was not evident in the present sample of 

VLBW children on any of the four tasks.  This result complements findings from an 

earlier study from the Jakobson laboratory (Downie et al., 2003), which showed that 

deficits in 2-D structure-from-motion processing persist at least into early adolescence in 

children born at extremely low birthweight (< 1000 g).  It would be interesting, in future 

work, to examine the developmental trajectory for biological motion perception abilities 

in children born preterm in more detail, using a longitudinal research design.  As 

persisting impairments in this area may have important implications for the development 

of a range of higher-order social skills, studying how children born preterm process and 

utilize these social cues in everyday situations may help to explain some of the social 

difficulties for which they are known to be at increased risk.  In support of this 

hypothesis, Wocadlo and Rieger (2006) found that, in children born at VLBW, problems 

recognizing facial expressions were associated with social skill deficits.  Additional 

support comes from the present finding that autistic-like traits were most evident in 
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preterm children who displayed more difficulties on the detection task.  The fact that 

sensitivity to individual movement styles was better in preterm children who displayed 

more autistic-like traits is interesting, and may relate to the fact that autistic-like traits in 

children born preterm are strongly related to internalizing problems, such as anxiety and 

depression (see Chapter 2).  It may be that children who focus heavily on the details of 

others’ movements are also those who are most anxious, and that this places them at 

increased risk for social difficulties.  Future research could also explore possible links 

between early problems with attachment and the later appearance of autistic-like traits in 

this population.  

These results suggest that, even within a restricted sample of children born at 

VLBW, those with more complicated medical histories are at increased risk for deficits in 

different aspects of biological motion perception.  At this point, it is unclear how atypical 

neurodevelopment and/or early brain damage contribute to these difficulties, although it 

seems likely that atypical development of the STS (Zubiaurre-Elorza et al., 2009), or 

damage to the parieto-occipital white matter (Pavlova et al., 2003), may play an 

important role.  For the majority of children born preterm who participated in this study, 

the available brain imaging data consisted of results from routine, neonatal cranial 

ultrasound scans which are not detailed enough to reveal subtle disruptions in brain 

structure (Ramenghi et al., 2010).  In future work, it would be interesting to apply more 

sophisticated brain imagining techniques in order to elucidate the neural basis of the 

functional impairments in biological motion perception seen in this population.  
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Limitations 

As noted earlier, my preterm sample was small and relatively homogeneous in the 

sense that most of the children were right handed, came from families in the higher 

income brackets, and had relatively well-educated parents.  They had also all escaped 

major intellectual disabilities.  These factors may limit the generalizability of some of the 

findings.   

A positive feature of the local motion task is that the stimuli were created using 

motion capture technology and, as such, the local motion cues are more naturalistic than 

those present in displays created using computer algorithms.  Indeed, algorithms such as 

that originally employed by Cutting (1978) have been shown to lack invariants in the 

motion of the feet that are present in real walkers (Saunders et al., 2009), and that supply 

critically important information for making facing judgments (Troje & Westhoff, 2006).  

Unfortunately, the local motion task proved to be too difficult for many of the 

participating children, making it impossible for them to achieve threshold levels of 

accuracy.  By limiting my analyses to data from children who reached criterion, our 

ability to explore relationships between task performance and other measures was 

limited.   

I did not incorporate measures that would allow me to determine if/how problems 

with executive function, which affect many children born prematurely (e.g., Aarnoudse-

Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009), may have contributed 

to difficulties in task performance.  Deficits in both executive function and social 

perception/cognition are often seen in individuals with autism spectrum disorders (e.g., 

Ozonoff, Pennington, & Rogers, 1991), but whether these deficits are linked or simply 
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co-occur in this population is not clear.  Interestingly, work with typical children suggests 

that performance on social attribution tasks is not related to performance on tests of 

executive function, after controlling for age and verbal IQ (Hu, Chan, & McAlonan, 

2010).  

I controlled for individual differences in visual attention and processing speed by 

including processing efficiency as a covariate in our analyses.  The cancellation task I 

used to assess processing efficiency (from Geldmacher, 1996) had a target-to-distractor 

ratio of 1:4.  In his work with adults, Geldmacher has found that performance (errors/s) 

was worse for displays with a 1:4 ratio than for those with a 1:9 ratio.  It is possible that 

my results would have changed if processing efficiency had been assessed using a 

different measure, but it is interesting to note that in the SFM task the children I tested 

achieved 82% correct detection when the target-to-noise dot ratio was close to 1:4.   

Conclusion   

 This study makes an important contribution to the literature by demonstrating that 

preterm birth and associated complications put children at risk for problems with multiple 

aspects of biological motion processing, and that problems in this area of social 

perception are related to the presence of autistic-like traits.  The ultimate goals of this 

research are to increase our understanding of the long-term consequences of prematurity, 

and to gain new insights into the typical and atypical development of the social brain.  

Advances in these areas may help to shape the development of more effective screening 

tools and clinical interventions for use with this and other clinical populations. 
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CHAPTER 5 - GENERAL DISCUSSION 

Results from this doctoral thesis add to the growing body of literature examining 

the long-term consequences of very preterm birth, particularly with regard to outcomes 

related to social competence.  As previously stated, children born very prematurely are at 

risk for emotional and behavioral problems (Aarnoudse-Moens et al., 2009; Bhutta et al., 

2002; Dahl et al., 2006), peer rejection and low self-esteem (Rickards et al., 2001), and 

psychiatric symptoms and disorders associated with inattention, anxiety and social 

difficulties (Johnson, 2007).  Most alarming is the fact that this group shows a high rate 

of ASDs (Pinto-Martin et al., 2011).  The over-arching goal of my research was to 

examine social perception and cognition in this group in an effort to shed light on core 

deficits that may underlie some of these difficulties. 

In the current research, I sought to further examine the ability of children born 

preterm to process aspects of life motion (i.e., movements of objects or people that signal 

animacy or agency), and how this ability relates to social outcomes.  Extending previous 

research, the present studies have shown that children born at VLBW have impairments 

in various aspects of life motion perception.  First, they show difficulties using nonverbal 

cues from moving faces and bodies to identify emotions depicted in realistic life motion 

displays.  Second, they show a deficit in their ability to attribute intentionality on the 

basis of extrinsic, stylized life motion cues.  Third, they show impairments not just in 

their ability to extract global form from biological motion in point light displays (a 

finding that replicates earlier results, Pavlova et al., 2003, 2005, 2006a, 2006b, 2008; 

Taylor et al., 2009), but also in their ability to extract directional (heading) information 

from local biological motion cues, to recognize actions, and to recognize particular 
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individuals based on their familiar movement patterns.  Finally, the present sample of 

children born preterm not only had more autistic-like traits and social difficulties than 

their full-term peers did, but these impairments were also associated with difficulties in 

the ability to process each of the different aspects of life motion mentioned above.  This 

finding complements that of Wocadlo and Rieger (2006), who reported that impairments 

in the ability to recognize emotions in static facial displays were associated with social 

difficulties in children born preterm. 

One of the strengths of this thesis is that it used a variety of research paradigms to 

test social cognitive abilities in the same group of children.  The stimuli presented varied 

with respect to the number and type of cues that were available.  Specifically, in the 

CASP, a variety of different cues were present including not only structure and motion 

cues from the faces and bodies of individual actors, but also voice cues, situational cues, 

and cues arising from the interactions between actors.  In the animated triangles task, the 

rigid movement patterns of the triangles conveyed information about interactions 

between the shapes.  Finally, in the biological motion displays, situational and 

interactional cues are stripped away, and form cues are either absent (direction task), 

degraded (in the stick figure displays used in the action and identity tasks), or must be 

inferred from motion-mediated cues (detection task).  The motion cues, moreover, are 

ones derived from non-rigid motion of different body parts.  By systematically 

manipulating the type of cues that are available, one can gain insight into the core deficits 

that may contribute to difficulties in social functioning in children born preterm.  A larger 

sample size would be required to investigate interrelationships between scores on the 
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various tasks thoroughly, but the present data suggest that carrying out this kind of 

investigation would be worthwhile. 

The neurological basis of the problems with social perception and cognition 

affecting children born preterm are unclear.  However, some insights may be provided by 

the present finding of significant relationships observed between performance on tests of 

life motion perception and indicators of medical risk (such as birth weight, Apgar scores, 

days on supplemental oxygen, etc.).  In the present study, only impaired ability to 

recognize actions in stylized (stick figure) displays was related to the presence of a 

documented brain injury.  Despite this result, it is reasonable to suggest that common 

brain insults, such as DWMI, may play a role in poor performance on many of the tests in 

the present battery.  As previously noted, DWMI is difficult to detect using cranial 

ultrasound and may have been missed in many of the present cases.  Indeed, it is 

estimated that up to 50% of children born very prematurely have DWMI (Horsch et al., 

2007; Larroque et al., 2003; Volpe, 2003).  In addition, previous research has shown that 

different aspects of motion perception are particularly vulnerable to DWMI and other 

insults (Back et al., 2001; Goto, Ota, Iai, Sugita, & Tanabe, 1994).  In future work, it will 

be important to examine the impact that DWMI and other insults have on the functioning 

of the social brain in children born preterm, using more sophisticated brain imaging 

techniques (see below).   

Previous research has suggested links between a range of medical variables and 

autistic-like traits in children born preterm (Indredavik et al., 2010; Johnson et al., 2010; 

Moore, Johnson, Hennessy, & Marlow, 2012).  In the current investigation, lower Apgar 

scores were related to DSD scores on the BASC-2 and a positive history of 
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bronchopulmonary dysplasia was related to autistic-like traits (AQ total score) and more 

behavioral symptoms on the BASC-2.  Although the remaining medical variables were 

not strong predictors of autistic-like traits, they did predict deficits in social perception 

and cognition that, in turn, were related to AQ and DSD scores.  This finding suggests 

that there is a complex relationship between these variables that should be further 

explored in larger samples.    

There is a gradient of risk for autistic symptomatology in children born preterm, 

with those who are more likely to screen positive also being at higher risk for other 

difficulties, such as motor and cognitive impairments (Kuban et al., 2009; Luyster et al., 

2011; Moore et al., 2012).  In this regard, it is important to note that all but one of the 

children born at VLBW in the present sample performed in the normal range for their age 

on the PPVT-4, and that their intelligence (as estimated from this test) was similar to that 

of children in the control sample.  As such, the conclusions that can be drawn from this 

research study are limited to children born preterm who do not have significant 

intellectual impairment.  More research is needed to investigate social perceptual and 

social cognitive functioning in more globally compromised children, and to design ways 

to support their development.  The impact of sociodemographic variables is also difficult 

to determine in this research, as the majority of children in both the preterm and full-term 

samples had well-educated parents with family incomes in the higher income brackets.  

This demographic limits the conclusions that can be drawn from the study..   

Clinical Implications 

Assessment and screening.  Once the preterm infant is stabilized, efforts focus on 

reducing the likelihood of future disability and improving quality of life.  A key aspect of 
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this involves identifying infants who are particularly vulnerable to adverse outcomes in a 

timely fashion.  As such, assessment and screening tools are needed that will allow us to 

detect even subtle impairments in preterm infants that predict poor social outcomes.  In 

this regard, several well-established paradigms with minimal motor requirements are 

widely used to assess the perceptual and cognitive abilities of full-term infants.  One of 

these, the preferential looking paradigm, involves measurement of the proportion of time 

that an infant devotes to a certain object of interest relative to another.  This paradigm has 

been used successfully with full-term infants to assess sensitivity to biological motion 

(Bardi et al., 2011; Fox & McDaniel, 1982).  Habituation paradigms have also been 

employed to study infants’ sensitivity to biological motion (Kuhlmeier et al., 2010).  In 

other work, changes in infants’ looking preferences, and in their affect, have been 

measured to assess sensitivity to the gaze shifts (Symons, Hains, & Muir, 1998) and 

facial expressions (Montague & Walker-Andrews, 2001) of other people.  Applying these 

different approaches to assess the early development of social information processing in 

infants born preterm might allow clinicians and researchers to detect early disruptions in 

this high-risk group. 

Because many social perceptual and cognitive functions have long developmental 

trajectories, assessing preterm children’s cerebral visual function, including their ability 

to process life motion, should be an important part of preschool and school-age screening 

or assessment batteries, as well.  Developing new tools that allow for a fine-grained 

assessment of these skills, or applying tools that have been utilized with other groups, 

should be an important goal for clinicians working with children born preterm.  In this 

regard, recently investigators have used point-light facial or whole-body displays to study 
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how typically developing individuals and those with ASD use motion cues to enhance 

speech comprehension and to extract emotions or mental states (Hubert et al., 2007; 

Nackaerts et al., 2012; Rosenblum, Johnson, & Saldana, 1996).  It would be interesting to 

see how children born prematurely perform on these tasks.  The benefit of using point-

light stimuli to access emotion recognition is that these displays allow one to isolate the 

impact of motion-processing problems.  This could have important implications not just 

for clinical interpretation, but also for future test development and intervention efforts.  It 

may be that using dynamic displays allows for more accurate assessment of, or greater 

sensitively to, problems in social perception in this population. 

Early detection is important, as research suggests that even minor difficulties with 

visual function in children born prematurely can affect social competence in the long-

term (Butcher, Kalverboer, Geuze, & Stremmelaar, 2002; Geva & Feldman, 2008).  The 

ability to process animate motion, accurately attribute intentionality, and recognize and 

interpret nonverbal cues correctly can affect the social success of the child.  If the child 

has problems in these areas, social situations may be difficult to navigate because they 

may not make sense, and/or the child may not have the tools necessary to encode and 

respond to the full complement of available contextual cues in an effective way.  

Difficulties such as these could potentially lead these children to become more socially 

anxious or to withdraw from social interactions, which may lead to social 

rejection/isolation.  Problems processing life motion could also have cascading effects on 

the development of other skills, such as those acquired through observational learning, 

for example.  It is important to understand the underlying basic and higher-order 

difficulties that these high-risk children face in order to improve the quality of their lives.  
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Early intervention.  Research suggests that early intervention for children with 

developmental disabilities enhances developmental competence by preventing or 

minimizing developmental delays (Kirby, Swanson, Kelleher, Bradley, & Casey, 1993; 

Majnemer, 1998).  It is thought that the timing of interventions is important.  In 

particular, beginning intervention soon after the infant’s birth has been suggested to have 

the most impact because the brain is very plastic at this time (Blackman, 2002; Katusic, 

2011).  Interventions begun when the child is already showing clear symptoms of a 

condition have been shown to be less beneficial than programs started earlier (Shonkoff 

& Hauser-Cram, 1987; Sharkey et al. 1990).  Early intervention programs have been 

developed to enhance cognitive, motor and behavioral impairments in children at risk for 

developmental disability (Kirby et al., 1993; Spittle et al., 2009).  Spittle et al. (2009) 

suggested that these interventions should be multi-faceted.  In addition, it has been 

suggested that interventions that include psychosocial support for caregivers are 

associated with improved outcomes (Benzies, Magill-Evans, Hayden, & Ballantyne, 

2013; Spittle et al., 2009).   

Research assessing the effectiveness of interventions in children born prematurely 

is mixed.  Specifically, Orton, Spittle, Doyle, Anderson, and Boyd (2009) reviewed early 

intervention programs to determine if cognitive and motor outcomes are maintained after 

discharge.  They found that early interventions have limited effects on motor outcomes at 

any age.  In contrast, early interventions have a positive effect on cognitive development 

in the short term, but the benefits of the interventions they studied were not maintained at 

school age.  Vanderveen, Bassler, Robertson, and Kirpalani (2009) found similar results, 

showing clinically meaningful effects on neurodevelopment up to 24 months of age, but 
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no difference at 5 years.  Despite this finding, they argued that early intervention for at-

risk children is very important, and that lasting results may be present in other outcomes 

not assessed, such as social interaction, health status, and the emotional functioning of 

parents and families.   

The Infant Health and Developmental Program is one of the largest, multi-center 

randomized controlled trials that has evaluated the long-term outcomes of preterm 

children from two birth weight strata (Lighter LBW ! 2000g, and Heavier LBW 2001-

2500g).  Children participated in an educational intervention until age 3 years, and long-

term outcomes were assessed at ages 5, 8 and 18 years (Brooks-Gunn, Klebanov, Liaw, 

& Spiker, 1993; Brooks-Gunn et al., 1994; Hill, Brooks-Gunn, & Waldfogel, 2003; 

McCormick et al., 2006).  At 18 years, results from this study revealed overall modest 

benefit for children born at heavier LBW (McCormick et al., 2006).  Specifically, when 

comparisons were adjusted for attrition, heavier LBW youth in the intervention group 

showed favourable outcomes on math achievement scores and verbal IQ, and self-

reported fewer risky behaviors.  Lower LBW youth in the intervention group were shown 

to have higher reading scores. 

Although I am unaware of any studies examining social interventions in children 

born prematurely, a large body of literature has examined the benefits of early 

intervention on social outcomes in other clinical groups, particularly in children with 

ASD.  For example, comprehensive intervention strategies involving Applied Behavior 

Analysis produce positive (medium or large) effects on the acquisition of a range of 

skills, including daily living skills and social functioning, in children with autism 

(Virués-Ortega, 2010).  Other intervention approaches specifically target social skills.  
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Barnhill, Cook, Tebbenkamp, and Myles (2002) examined the effectiveness of social 

skills training in a group of adolescents with Asperger syndrome and related pervasive 

developmental delays.  Social skills training included instruction focused on 

identification of facial expressions, and utilized pictures, videos without sound, the use of 

mirrors (to teach mimicking of facial expressions), role-playing, modeling, and 

reinforcement.  Results revealed minimal improvements on nonverbal communication 

and paralanguage communication; however, it should be noted that performance was 

assessed using the DANVA-2, which utilizes static photographs for visual stimuli.  It is 

possible that the use of dynamic stimuli may have provided a more sensitive measure.  

However, Barnhill et al. did find that the intervention led to improved development and 

maintenance of social relationships.   

Tanaka et al. (2010) developed a program called “Let’s Face It!” which is a 

comprehensive, interactive computer-based program consisting of static face and object 

stimuli.  Results from a relatively short-term intervention program using this program 

showed improved face recognition skills in children with autism.  Despite this, it has yet 

to be determined if these gains will be maintained and/or generalize to other settings or 

more naturalistic stimuli.  It has only been recently that intervention tools have used 

dynamic and more naturalistic stimuli.  Golan et al. (2010) developed an intervention 

tool, entitled “The Transporters,” that features animated vehicles with realistic, dynamic 

human faces that display different emotions.  Results from this study showed children 

who completed the intervention had better emotional comprehension and recognition 

skills than matched control children did.  The use of such a tool within the preterm 

population may prove advantageous. 
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Future Directions 

In the future, an important goal of research in this area should be to incorporate 

longitudinal designs.  In particular, two key questions could be addressed using this 

approach.  First, longitudinal research could address the question of whether deficits in 

basic visual skills predict poor long-term social outcomes, such ASD diagnoses.  It would 

be reasonable to speculate from the findings in the current study and past research 

(Butcher et al., 2002; Geva & Feldman, 2008) that impairments seen in life motion 

perception would impact later social competence.  Second, longitudinal research could 

determine the course of development of various aspects of visual function (as well as 

other functions, such as attention, processing speed, working memory, and executive 

functions) across time.  It is presently unclear whether the impairments seen in children 

born prematurely are the result of delayed development, or represent true (i.e., persisting) 

deficits in the ability to process life motion.   

Another promising area of future research involves the use of auditory/verbal 

measures of social cognition, such as Happé’s Strange Stories Task (Happé, 1994).  I 

have emphasized problems with life motion perception in this dissertation, but it would 

be important to determine whether social attribution problems in children born preterm 

are evident in verbal ToM tasks as well.  As previously suggested, children born preterm 

are at risk for impairments in various aspects of receptive and expressive language 

(Aarnoudse-Moens et al., 2009; Anderson & Doyle, 2003; Foster-Cohen, et al., 2007; 

Gallagher & Watkin, 1998; Saigal et al., 2003a).  It would be interesting to see if these 

difficulties extend to higher-level aspects of language, including those requiring ToM 

reasoning (e.g., the ability to understand sarcasm, irony).  In addition, it will be important 
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to investigate further preterm children’s ability to process and produce nonverbal 

auditory cues, conveyed through changes in vocal tone, inflection or rhythm.  I observed 

that preterm and full-term children had comparable performance when extracting 

prosodic voice cues in the CASP (see Chapter 2 for further details).  It is possible that this 

ability may be less impacted by prematurity than the ability to extract visually based 

cues.  If this were the case, then it might be worthwhile to promote the enhanced use of 

auditory/verbal cues as a compensation strategy for extracting social cues in children at 

risk for impaired social outcomes.  

It would also be of interest to carry out studies directly comparing preterm and 

full-term children who screen positive for, or are diagnosed with, an ASD.  Johnson and 

Marlow (2011) suggested that the “autistic phenotype” of preterm children is different 

from that seen in full-term children who have ASD.  It is suggested that the ASD profile 

in preterm children is a milder form, and that these children have particular difficulties 

encoding and interpreting subtle social cues (Indredavik, Vik, Skranes, & Brubakk, 

2008).  It has also been suggested that they exhibit excessive shyness, increased 

withdrawal, and more difficulties establishing social contact (Elgen, Sommerfelt, & 

Markestad, 2002; Hille et al., 2008; Nadeau, Boivin, Tessier, Lefebvre, & Robaey, 2001).  

Early findings suggest that the causative pathway in preterm children may be different 

from that in full-term children with ASD, involving brain insults and altered 

neurodevelopment associated with premature birth (Johnson & Marlow, 2011; 

Limperopoulos, 2009).  However, more research is needed to confirm this hypothesis.  

Finally, as noted earlier, an extremely important area for future research would be 

to incorporate more sophisticated brain imaging techniques.  For instance, the use of 
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diffusion tensor imaging (DTI) might prove valuable given that it has been shown to be 

more sensitive than other imaging techniques to disruptions in white matter (Neil, Miller, 

Mukherjee, & Hüppi, 2002).  This is important because research using neonatal 

ultrasound suggests that in children born at very low birth weight are at high risk for 

white matter injuries (e.g., Volpe, 2003), and the presence of such injuries significantly 

increases the risk that a child born at low birth weight will screen positive for, or be 

diagnosed with, an ASD, (Movsas et al., 2013).  Other work utilizing DTI methods 

suggests that, even in neurotypical adults, there is a significant correlation between AQ 

total scores and measures of connectivity between the STS and amygdala (Iidaka, 

Miyakoshi, Harada, & Nakai, 2012).  Using DTI would allow researchers to better 

understand the relationship between the location/extent of white matter pathology in 

preterm children and impairments in social perception.  Use of structural and functional 

magnetic resonance imaging techniques may also shed light on how/if damage or 

dysfunction in areas of the social brain, such as the STS, contribute to social difficulties 

in preterm children.  The role that cerebellar damage or dysfunction plays in the preterm 

“autistic phenotype” should also be further explored, given that Limperopoulos et al. 

(2009) have suggested that damage in this area is linked to pervasive neurodevelopmental 

disabilities in preterm children (such as severe motor disability, expressive and receptive 

language delays, cognitive deficits, severe functional limitations in daily activities, 

internalizing behavioral problems, and autistic-like symptoms).  

Humans are innately social creatures.  As such, examining the processes that 

allow them to function successfully in social situations is critical.  In particular, 

understanding the differences between those individuals who have effective social skills 
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and those who do not can provide insights into the typical processes involved in social 

perception and social cognition (Pelphery & Carter, 2008).  In the present research, the 

social perceptual and cognitive skills of children born at VLBW were examined.  Overall, 

the results from this study suggest that (a) preterm children are at risk for impairments in 

processing various forms of life motion, (b) these deficits are related to increased risk for 

atypical social development.  It is particularly important to utilize this information to 

advance diagnostic, assessment and screening tools in an effort to improve the quality of 

life for these at-risk children. 
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Appendices 

Appendix A 

Recruitment Letter - Preterm children 
 

From: Dr. Diane Moddemann 
Director, Newborn High Risk Follow-Up Program 
Health Sciences Centre and St. Boniface Hospital 
 
Dear parents/guardians, 
 
I am writing to you on behalf of Kate Williamson, a Ph.D. student in the Department of 
Psychology at the University of Manitoba working under the supervision of Dr. Lorna 
Jakobson. I would like to ask for you and your child's help in completing an important 
research project that will form part of Ms. Williamson’s Ph.D. thesis. While not directly 
involved in the research, the Newborn High Risk Follow-up Program supports this 
project and is assisting with participant recruitment. 
 
WHAT IS THE STUDY ABOUT? 
 
The study involves children who are now eight to eleven years of age who were born 
before 32 weeks gestation. It explores two skills that help us to understand other people 
and the world around us. The first is the ability to see and interpret human motion. The 
second involves our ability to use visual cues, like facial expressions or body language, to 
guess what a person is thinking or feeling. Past research in Dr. Jakobson’s laboratory has 
shown that children who were born too soon and very small sometimes have more trouble 
with certain aspects of their vision than children who were born at the right time. In 
conducting her Ph.D. research, Ms. Williamson is trying to learn more about this, and to 
think of ways to help these children develop their visual skills.  
 
WHAT WILL MY CHILD HAVE TO DO? 
 
Your child will be asked to complete a series of tasks. These will include several tests 
assessing your child’s vision and vocabulary, followed by several computerized tests 
assessing his/her ability to see and interpret the movements of human figures or shapes, 
or different social scenes. Your child will also be asked to complete a brief questionnaire 
concerning their behaviours and emotions. Most children find most of these activities 
quite fun, and none of them take very long. The researchers will provide your child with 
breaks when necessary throughout the testing, so that he/she doesn’t become too tired. 
 
WHAT DO I HAVE TO DO? 
 
You will need to bring your child to the Psychology Department at the University of 
Manitoba and complete several short questionnaires while your child is being tested. This 
will take you no longer than 30-40 minutes. Specifically, you will be asked to complete 
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several short questionnaires about your family demographics and your child’s 
development, behaviours, emotions, social skills and personality traits.  Testing will be 
carried out at a time that is convenient for you. We will provide parking, and families will 
be reimbursed for travel expenses if they are coming from out of town. We will provide 
you with an information sheet outlining some of what is known about the visual problems 
experienced by many premature children. Your child will receive a Certificate of 
Appreciation, and your family will receive an honorarium of $40 in appreciation of your 
time and research contribution. 
 
IS THERE ANYTHING ELSE? 
 
To complete this study the researchers will need your permission to access pertinent 
information about your child’s birth and early medical history from his/her follow-up 
records. Your family’s confidentiality will be respected at all times, and all information 
regarding your child's identity and performance will remain completely confidential. If 
you choose on behalf of your child to participate in this study, you can withdraw your 
child from the study at any time without any negative consequences.  
 
Please indicate on the attached sheet whether it would be acceptable for Ms. Williamson 
to contact you regarding further information and participation in this study. 
 
Yours truly, 
 
 
 
 
Dr. Diane Moddemann 
Director, Newborn High Risk Follow-Up Program 
Health Sciences Centre and St. Boniface Hospital 

 
 
 

 

 



SOCIAL COGNITION IN PRETERM CHILDREN 

 

149 

Appendix B 

Recruitment Letter - Full-term children 
Dear Parents, 
 
This letter is going home to parents of children in grades 3-6. 
 
My name is Kate Williamson and I am a Ph.D. student in the Psychology Department at the 
University of Manitoba. I am carrying out a research project for my Ph.D. thesis looking at two 
skills that help us to understand other people and the world around us. The first is the ability to 
see and interpret human motion. The second involves our ability to use visual cues, like facial 
expressions or body language, to guess what a person is thinking or feeling. Past research has 
shown that children who were born too soon and very small sometimes have more trouble with 
certain aspects of their vision than children who were born at the right time. We are trying to 
learn more about this so that we can help them to develop their visual skills. 
 
To determine which tests are most difficult for the premature children, we will be comparing their 
performance on a set of tests to that of a comparison group. If your child is 8 to 11 years old, 
was born within 2 weeks of his/her expected due date, weighed more than 2.5kg (5.5 lbs) at 
birth and whose first language is English, we would like to invite your child to participate in 
our project as part of the comparison group of children. 
 
If you and your child agree to take part in my study, the testing would take place in the 
Psychology Department at the University of Manitoba. Your child will be asked to complete a 
series of tasks including several tests assessing vision and vocabulary, followed by several 
computerized tests assessing the ability to see and interpret the movements of human figures or 
shapes, or different social scenes. Your child will also be asked to complete a brief questionnaire 
concerning their behaviours and emotions. All tests will be administered to your child in a one-to-
one testing situation by a trained examiner. While your child is being tested, you will be asked to 
complete several short questionnaires relating to your family demographics and your child’s 
development, behaviours, emotions, social skills and personality traits. This will take no longer 
than 30-40 minutes. 
 
Appointments can be arranged at your convenience, during the day, in the evenings, or on the 
weekends. We will cover your parking costs at the University. We will provide you with an 
information sheet outlining some of what is known about the visual problems experienced by 
many premature children. Your child will receive a Certificate of Appreciation, and your family 
will receive an honorarium of $40 in appreciation of your time and research contribution. Please 
note that participation in this research is entirely voluntary. You may choose not to participate. If 
you choose on behalf of your child to participate in this study you can withdraw your child from 
the study at any time without any negative consequences. 
 
If you are interested in participating in this research study, or have any questions, please leave a 
message for Kate Williamson, at (204)-474-8354. Those with Internet access may also e-mail 
Kate Williamson at umwill37@cc.umanitoba.ca. Please include your telephone number in your 
message. Thank you. 
 
Sincerely, 
Kate Williamson, M.A.     Dr. Lorna S. Jakobson, Ph.D.  
Principle Investigator, Ph.D. Candidate   Supervisor, Professor of Psychology 
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Appendix C 

Recruitment Poster - Full-term children 
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Appendix D 

Information and Consent Form - Preterm children 
 
This consent form, a copy of which will be left with you for your records and reference, 
is only part of the process of informed consent.  It should give you the basic idea of what 
the research is about and what your participation will involve. If you would like more 
detail about something mentioned here, or information not included here, you should feel 
free to ask. Please take the time to read this carefully and to understand any 
accompanying information. 
 
Research Project Title: Biological Motion Perception and Theory of Mind Abilities in 
Preemies: Implications for Social Cognition 
 
Principle Researcher: Kate Williamson, MA   Supervisor: Dr. Lorna Jakobson, Ph.D 

             (204) 474-8354                (204) 474-6980 
 
This research will form part of Kate Williamson’s PhD thesis in Psychology.  
 
Purpose of the Research: 
This research project concerns two skills that help us to understand other people and the 
world around us. The first is the ability to see and interpret human motion. The second 
involves our ability to use visual cues, like facial expressions or body language, to guess 
what a person is thinking or feeling. Past research has shown that children who were born 
too soon and very small sometimes have more trouble with certain aspects of their vision 
than children who were born at or near their due date. We are trying to learn more about 
this so that we can help them to develop their visual skills.  
 
Description of the Research: 
In this research study, information will be collected from both the parent or legal 
guardian, and the child. While your child is being tested, you will be asked to complete 
several short questionnaires relating to your family demographics and your child’s 
development, behaviors, emotions, social skills and personality traits. This will take no 
longer than 30-40 minutes. We will also need your consent to obtain specific information 
about your child’s birth and early medical history from his/her follow-up records. Your 
child will be asked to complete a series of tasks. These will include several tests assessing 
your child’s vision and vocabulary, followed by several computerized tests assessing 
his/her ability to see and interpret the movements of human figures or shapes, or different 
social scenes. Your child will also be asked to complete a brief questionnaire concerning 
their behaviors and emotions. Although all of the testing will take about 2.5 hours, your 
child may find most of these activities quite fun, and none of them take very long. We 
will provide your child with breaks when necessary throughout the testing, so that he/she 
doesn’t become too tired. 
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Risk and Benefits:  
Taking part in this study will help you and your child to learn about the kind of research 
that psychologists do. The results will help us learn more about how our vision develops, 
and how vision helps us to understand social situations. If we can figure out why many 
premature children have difficulty with their vision, we may be able to think of better 
ways to help them develop their visual skills.  
 
There are no known risks to people who take part in this research project. However, some 
of the children may find some of the tests boring or a little bit hard to do. 
 
Confidentiality: 
Confidentiality will be respected and no information about individuals will be released or 
published without consent unless required by law. The results of the tests described above 
will be used for research purposes only in the context of the study. The only people who 
will have access to this information are Dr. Jakobson and her students. All information 
will be stored in a secure place (locked filing cabinet and password protected electronic 
database). The electronic database will not contain any information that could be used to 
identify your child; these data will be kept for a minimum of 5 years, in accordance with 
the guidelines of the Human Ethics Review Board.   
 
Our normal procedure is to destroy identifying information (information that could be 
used to link your child to the electronic database) as soon as it is no longer needed. If you 
would be interested in hearing about future opportunities to participate in research in our 
laboratory, however, we will ask for your permission to maintain your name and contact 
information in a secure place for up to 5 years. If you agree to this, you should know that 
you would be able to withdraw your consent at any point during this time, at which point 
we would destroy any records containing identifying information and remove your name 
from our contact list. 
 
Reimbursement: 
Parking will be covered. In addition, your family will be given a $40 honorarium in 
appreciation for your time and research contribution. 
 
Participation: 
Your signature on this form indicates that you have understood, to your satisfaction, the 
information regarding participation in the research project and agree to participate. In no 
way does this waive your legal rights nor release the researchers, sponsors, or involved 
institution from their legal and professional responsibilities. Participation in this study is 
voluntary. You are free to withdraw from the study at any time, and/or refrain from 
answering any questions you prefer to omit, without prejudice or negative consequences. 
Your continued participation should be as informed as your initial consent, so you should 
feel free to ask for clarification or new information throughout your participation. Upon 
completion of your part in this study, a detailed description about the purpose and 
expected findings of the experiment will be provided. 
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The Psychology/Sociology Research Ethics Board at the University of Manitoba has 
approved this research. If you have any concerns or complaints about this project you 
may contact any of the above-named persons or the Human Ethics Secretariat at 474-
7122, e-mail margaret_bowman@umanitoba.ca.  A copy of this consent form has been 
given to you to keep for your records and reference. 
 
Consent: 
In signing this form, I acknowledge that I have read and understood the research 
procedures described above and that any questions I may have had have been answered to 
my satisfaction. I also acknowledge that I have the right to not participate and the right to 
withdraw at any time. In addition, I have been informed of the potential harms and 
discomforts and understand the benefits of participating in this research. Finally, I have 
been assured that any information collected in this research project will be kept 
confidential and will not be released or printed without expressed written consent or 
required by law. 
 
_______________________________________ 
Child’s Name (PLEASE PRINT) 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Name (PLEASE PRINT)  Legal relationship to child 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Signature    Date 
 
_______________________________________ _____________________________ 
Researcher and/or Delegate’s Signature  Date 
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Would you like to receive a summary of results at the completion of this study?  
[Please note that only group results, and not individual findings from your child, will be 
released. A summary will be provided by September 2012.] 
 
" Yes  " No  
 
If you answered yes to the above, please print your surface or email address below.  
 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

 
 
Would you be interested to hear about future opportunities to participate in 
research in our laboratory?  
 
If so, please complete this form. By signing your name below, you agree to allow us to 
maintain contact information for your family in a secure place for up to 5 years, so that 
we may contact you with information about future studies. You may withdraw this 
consent at any point during this time, at which point we will destroy any records 
containing identifying information and remove you from our contact list. 
 
 
I, ______________________________________, give my permission for Dr. Lorna 
Jakobson to keep a record of my contact information, as outlined above.  
 
 
_______________________________________ 
Child’s Name (PLEASE PRINT) 
 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Name (PLEASE PRINT)  Legal relationship to child 
 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Signature    Date 
 
 
_______________________________________ _____________________________ 
Researcher and/or Delegate’s Signature  Date 
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Appendix E 

Information and Consent Form - Full-term children 
 
This consent form, a copy of which will be left with you for your records and reference, 
is only part of the process of informed consent.  It should give you the basic idea of what 
the research is about and what your participation will involve. If you would like more 
detail about something mentioned here, or information not included here, you should feel 
free to ask. Please take the time to read this carefully and to understand any 
accompanying information. 
 
Research Project Title: Biological Motion Perception and Theory of Mind Abilities in 
Preemies: Implications for Social Cognition 
 
Principle Researcher: Kate Williamson, MA   Supervisor: Dr. Lorna Jakobson, Ph.D. 

             (204) 474-8354                (204) 474-6980 
 
This research will form part of Kate Williamson’s PhD thesis in Psychology.  
 
Purpose of the Research: 
This research project concerns two skills that help us to understand other people and the 
world around us. The first is the ability to see and interpret human motion. The second 
involves our ability to use visual cues, like facial expressions or body language, to guess 
what a person is thinking or feeling. Past research has shown that children who were born 
too soon and very small sometimes have mor e trouble with certain aspects of their vision 
than children who were born at or near their due date. We are trying to learn more about 
this so that we can help them to develop their visual skills. To do this, we need to 
compare their test results to those of a group of children who were born at the expected 
time (within two weeks of their due date) and weighing more than 5.5 pounds, to 
determine which tests are more difficult for the premature children. Your child has been 
invited to be part of this comparison group. 
 
Description of the Research: 
In this research study, information will be collected from both the parent or legal 
guardian, and the child. While your child is being tested, you will be asked to complete 
several short questionnaires relating to your family demographics and your child’s 
development, behaviors, emotions, social skills and personality traits. This will take no 
longer than 30-40 minutes. Your child will be asked to complete a series of tasks. These 
will include several tests assessing your child’s vision and vocabulary, followed by 
several computerized tests assessing his/her ability to see and interpret the movements of 
human figures or shapes, or different social scenes. Your child will also be asked to 
complete a brief questionnaire concerning their behaviors and emotions. Although all of 
the testing will take about 2.5 hours, your child may find most of these activities quite 
fun, and none of them take very long. We will provide your child with breaks when 
necessary throughout the testing, so that he/she doesn’t become too tired. 
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Risk and Benefits:  
Taking part in this study will help you and your child to learn about the kind of research 
that psychologists do. The results will help us learn more about how our vision develops, 
and how vision helps us to understand social situations. If we can figure out why many 
premature children have difficulty with their vision, we may be able to think of better 
ways to help them develop their visual skills.  
 
There are no known risks to people who take part in this research project. However, some 
of the children may find some of the tests boring or a little bit hard to do. 
 
Confidentiality: 
Confidentiality will be respected 
 and no information about individuals will be released or published without consent 
unless required by law. The results of the tests described above will be used for research 
purposes only in the context of the study. The only people who will have access to this 
information are Dr. Jakobson and her students. All information will be stored in a secure 
place (locked filing cabinet and password protected electronic database). The electronic 
database will not contain any information that could be used to identify your child; these 
data will be kept for a minimum of 5 years, in accordance with the guidelines of the 
Human Ethics Review Board.   
 
Our normal procedure is to destroy identifying information (information that could be 
used to link your child to the electronic database) as soon as it is no longer needed. If you 
would be interested in hearing about future opportunities to participate in research in our 
laboratory, however, we will ask for your permission to maintain your name and contact 
information in a secure place for up to 5 years. If you agree to this, you should know that 
you would be able to withdraw your consent at any point during this time, at which point 
we would destroy any records containing identifying information and remove your name 
from our contact list. 
 
Reimbursement: 
Parking will be covered. In addition, your family will be given a $40 honorarium in 
appreciation for your time and research contribution. 
 
Participation: 
Your signature on this form indicates that you have understood, to your satisfaction, the 
information regarding participation in the research project and agree to participate. In no 
way does this waive your legal rights nor release the researchers, sponsors, or involved 
institution from their legal and professional responsibilities. Participation in this study is 
voluntary. You are free to withdraw from the study at any time, and/or refrain from 
answering any questions you prefer to omit, without prejudice or negative consequences. 
Your continued participation should be as informed as your initial consent, so you should 
feel free to ask for clarification or new information throughout your participation. Upon 
completion of your part in this study, a detailed description about the purpose and 
expected findings of the experiment will be provided.  
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The Psychology/Sociology Research Ethics Board at the University of Manitoba has 
approved this research. If you have any concerns or complaints about this project you 
may contact any of the above-named persons or the Human Ethics Secretariat at 474-
7122, e-mail margaret_bowman@umanitoba.ca.  A copy of this consent form has been 
given to you to keep for your records and reference. 
 
Consent: 
In signing this form, I acknowledge that I have read and understood the research 
procedures described above and that any questions I may have had have been answered to 
my satisfaction. I also acknowledge that I have the right to not participate and the right to 
withdraw at any time. In addition, I have been informed of the potential harms and 
discomforts and understand the benefits of participating in this research. Finally, I have 
been assured that any information collected in this research project will be kept 
confidential and will not be released or printed without expressed written consent or 
required by law. 
 
_______________________________________ 
Child’s Name (PLEASE PRINT) 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Name (PLEASE PRINT)  Legal relationship to child 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Signature    Date 
 
_______________________________________ _____________________________ 
Researcher and/or Delegate’s Signature  Date 
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Would you like to receive a summary of results at the completion of this study?  
[Please note that only group results, and not individual findings from your child, will be 
released. A summary will be provided by September 2012.] 
 
" Yes  " No  
 
If you answered yes to the above, please print your surface or email address below.  
 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

_____________________________________________________ 

 
 
Would you be interested to hear about future opportunities to participate in 
research in our laboratory?  
 
If so, please complete this form. By signing your name below, you agree to allow us to 
maintain contact information for your family in a secure place for up to 5 years, so that 
we may contact you with information about future studies. You may withdraw this 
consent at any point during this time, at which point we will destroy any records 
containing identifying information and remove you from our contact list. 
 
 
I, ______________________________________, give my permission for Dr. Lorna 
Jakobson to keep a record of my contact information, as outlined above.  
 
 
_______________________________________ 
Child’s Name (PLEASE PRINT) 
 
 
_____________________________________ _____________________________ 
Parent/Guardian’s Name (PLEASE PRINT)  Legal relationship to child 
 
 
_______________________________________ _____________________________ 
Parent/Guardian’s Signature    Date 
 
 
_______________________________________ _____________________________ 
Researcher and/or Delegate’s Signature  Date 
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Appendix F 

GENERAL INFORMATION QUESTIONNAIRE 
 
NOTE: This information will be kept strictly confidential and will be used for 
research purposes only. If you wish to decline to answer any of the following 
questions, please feel free to do so. 
     
            
  Participant ID #: ____________ 
 
MOTHER 
 
Please indicate the highest level of education that you have completed: 
 
_____ Less than seventh grade  _____ Partial college/university (at least 
                        one year) or specialized training 
_____ Seventh through ninth grade  _____ Completed college or university 
                           degree 

_____ Tenth through eleventh grade   _____ Completed graduate degree 

_____ Completed high school    

 
Please indicate which diploma(s), degree(s), or certificate(s) you have received: 
 
_____ None    _____ MA or MSc 
_____ HS diploma/GED  _____ MD, DDS, JD, LLB, or LLD 
_____ Associate degree  _____ PhD or EdD 
_____ BA or BSc   _____ Certificate (specify): ___________________ 
 
Present Occupation: 
________________________________________________________________________ 
 
 
FATHER 
 
Please indicate the highest level of education that you have completed: 
 
_____ Less than seventh grade  _____ Partial college/university (at least        
                 one year) or specialized training 
_____ Seventh through ninth grade  _____ Completed college or university 
                           degree 

_____ Tenth through eleventh grade   _____ Completed graduate degree 

_____ Completed high school    
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Please indicate which diploma(s), degree(s), or certificate(s) you have received: 
 
_____ None    _____ MA or MSc 
_____ HS diploma/GED  _____ MD, DDS, JD, LLB, or LLD 
_____ Associate degree  _____ PhD or EdD 
_____ BA or BSc   _____ Certificate (specify): ___________________ 
 
Present Occupation: 
________________________________________________________________________ 
 
 
FAMILY 
 
Please indicate who your child lives with: 
 
 ______ Mother ______ Both Parents 
 
 ______ Father  ______ Other (please specify):  
 
Please indicate your annual household income: 
 
 ______ Under $11,000 ______ $31,000-$40,999 ______Over $75,000 
 
 ______ $11,000-$20,999 ______ $41,000-$50,999 
 
 ______ $21,000-$30,999 ______ $51,000-$75,000 
 
How many individuals are living in the household? 
________________________________________________________________________ 
 
What language(s) are spoken in the home? 
________________________________________________________________________ 
 
What language(s) do you speak with your child? 

________________________________________________________________________ 

 

Have either parent ever had any academic problems? If yes, whom and what type? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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CHILD 

Child’s date of birth: __________________   Age: ___________      

 Gender:  M / F  

Birth Weight: ___________  Current Height: __________  Current Weight: __________ 

Racial/Cultural Background: ________________________________________________ 

 

Were there any problems during pregnancy or delivery (including perinatal complications 

in the mother, such as diabetes, pregnancy-induced hypertension or preeclampsia)? If yes, 

please describe: 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Has your child ever sustained a head injury? If yes, please describe: 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

If yes, how long was he/she unconscious for? 

________________________________________________________________________ 

 

Has your child had any other major health problems that required medical attention? If 

yes, please describe: 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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Please indicate the following services that your child has used and for what reason: 

Occupational Therapist, Physical Therapist, Speech Therapist, Dietician, Psychiatrist, 

Social Worker, Infant Development Worker/Infant Stimulation Worker, or any other 

special services: 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Has your child taken part in any organized early intervention program (not mentioned 

above) to support their development? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Have any of your children been identified as having academic problems? If yes, whom 

and what type? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Have any of your children been identified as having behavioral difficulties? If yes, whom 

and what type? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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In the past year, has your child participated in any of the following activities, such as 

organized sports, clubs, social networking (i.e. msn, facebook or email), computer or 

video games? If yes, please provide details about what activities, and the frequency of the 

activities? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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Appendix G 
CASP OBJECT MEMORY SCORING SHEET: 

Instructions:  Score one point for the correct identification of the number of characters and location, as well as 
one point of the following visual details.  See below for acceptable answers and alternative names.
 
Scene 1 (max. score 5)   
__ Number of characters: 3 
__ Location: room in house/school/restaurant 
Features: 

__ table 
__ salt and pepper shakers 
__ seat/chair 

 
Scene 2 (max. score 7) 
__ Number of characters: 2 
__ Location: room in house 
Features: 

__ couch 
__ magazine 
__ box or present 
__ sweater in box 
__ white shirt 

 
Scene 3 (max. score 10) 
__ Number of characters: 2 
__ Location: room in house 
Features: 

__ pony tail 
__ couch 
__ TV screen/videogame   
__ video game hand controller 
__ pillow 
__ videogame plug (outlet) 
__ cabinet 
__ glasses 

 
Scene 4 (max. score 6) 
__ Number of characters: 3 
__ Location: at school 
Features: 

__ water fountain 
__ 3 backpacks 
__ garbage can 
__ guy with the glasses 

 
Scene 5 (max. score 9) 
__ Number of characters: 2 
__ Location: room in house or kitchen 
Features: 

__ pots  
__ spoon  
__ kitchen supplies 
__ tissue 
__ coffee cup 
__ tea pot 
__ food or supper 

 
 
 

Scene 6 (max. score 7) 
__ Number of characters: 4 kids or 4 kids & teacher  
__ Location: in a classroom 
Features: 

__ student’s desks 
__ papers on teacher’s desk 
__ teacher’s desk 
__ pencils 
__ test/papers 

 
Scene 7 (max. score 10) 
__ Number of characters: 2 
__ Location: cafeteria 
Features: 

__ table 
__ flowers on table 
__ salt and pepper on table 
__ canned drink 
__ tray 
__ food/lunch/apple/sandwich  
__ spoon 
__ napkin 

 
Scene 8 (max. score 5) 
__ Number of characters: 3 
__ Location: behind house/school or outside  
Features: 

__ can of beer/drink/pop can 
__ door/wall 
__ pocket 

 
Scene 9 (max. score 8) 
__ Number of characters: 2 
__ Location: classroom 
Features: 

__ pony tail 
__ desks 
__ books on desk 
__ bag (girl sitting) 
__ backpack (girl kneeling) 
__ papers/binder/homework given 

 
Scene 10 (max. score 9) 
__ Number of characters: 3 
__ Location: room in house or kitchen  
Features: 

__ papers/bills/homework 
__ coffee cup 
__ calculator 
__ paper rolls 
__ table 
__ pencil  
__ chair
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Appendix H 

Five stills taken from Animated Triangles Task - Theory of Mind “Coaxing” 
condition  

(Reprinted from NeuroImage, 12, Castelli, Happé, Frith, & Frith, (2000). Movement and 
mind: A functional imaging study of perception and interpretation of complex intentional 

movement patterns, 323, Copyright (2013), with permission from Elsevier) 
 

APPENDIX 2

Scoring Criteria and Examples for Verbal
Descriptions of Animations

Score (0–5) for Intentionality:

0 ! action, nondeliberate

(e.g., “Bouncing,” “Moving around,” “Rotating”)

1 ! deliberate action with no other

(e.g., “Ice-skating”)

2 ! deliberate action with another

(e.g., “Blue and red are fighting,” “Parent is fol-
lowed by child”)

3 ! deliberate action in response to other’s action

(e.g., “Big is chasing little,” “Red is allowing the
Blue to get close to him,” “Big is guarding little
who was trying to escape”)

4 ! deliberate action in response to other’s mental
state

(e.g., “The little one is mocking the big one,”
“Two people are arguing,” “A parent is encour-
aging a child to go outside”)

5 ! deliberate action with goal of affecting other’s
mental state

(e.g., “The blue triangle wanted to surprise the
red one,” “Child pretending not to be doing any-
thing”)

Score (0–3) for Appropriateness:

0 ! no answer, “I don’t know”

1 ! inappropriate answer: reference to the wrong
type of interaction between triangles

2 ! partially correct answer: reference to correct
type of interaction but confused overall description

3 ! appropriate, clear answer

Score (0–3) for Certainty (based on voice tone):
0 ! long hesitation or silence

1 ! hesitation, few words, sentences unfinished,
need to be prompted to say more

2 ! hesitation between words, alternative answers

3 ! no hesitation at all, quick answer, description
correctly reflects the script underlying the anima-
tion

Score (0–4) for Length:
0 ! no response

1 ! one clause

2 ! two clauses

3 ! four clauses

4 ! more than four clauses

APPENDIX 3

The stills below illustrate a “Theory of Mind” anima-
tion. The animation was designed following a script in
which Big Triangle is coaxing the reluctant Little Tri-
angle to come out of an enclosure. Subjects were pre-
sented with the animations without any suggestion
relative to a story or characters’ roles. The captions
have been added here for clarification.
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Abell, F., Happé, F., and Frith, U. 2000. Do triangles play tricks?
Attribution of mental states to animated shapes in normal and
abnormal development. J. Cogn. Dev., 15:1–20.

Amaral, D., Price, J. L., Pitkanen, A., and Carmichael, S. T. 1992.

323MOVEMENT AND MIND



SOCIAL COGNITION IN PRETERM CHILDREN 

 

166 

Appendix I 

Scoring Criteria and Examples for Verbal Descriptions of Animations  
(Reprinted from NeuroImage, 12, Castelli, Happe, Frith, & Frith, (2000). Movement and 
mind: A functional imaging study of perception and interpretation of complex intentional 

movement patterns, 323, Copyright (2013), with permission from Elsevier) 
 
Score (0-5) for Intentionality:  
0 = action, nondeliberate 

(e.g., “Bouncing,” “Moving around,” “Rotating”)  
1 = deliberate action with no other 

(e.g., “Ice-skating”)  
2 = deliberate action with another 

(e.g., “Blue and red are fighting,” “Parent is followed by child”) 
3 = deliberate action in response to other’s action 

(e.g., “Big is chasing little,” “Red is allowing the Blue to get close to him,” “Big 
is guarding little who was trying to escape”) 

4 = deliberate action in response to other’s mental state 
(e.g., “The little one is mocking the big one,” “Two people are arguing,” “A 
parent is encouraging a child to go outside”) 

5 = deliberate action with goal of affecting other’s mental state 
(e.g., “The blue triangle wanted to surprise the red one,” “Child pretending not to 
be doing any- thing”) 

 
Score (0-3) for Appropriateness: 
0 = no answer, “I don’t know” 
1 = inappropriate answer: reference to the wrong type of interaction between triangles 
2 = partially correct answer: reference to correct type of interaction but confused overall 
description 
3 = appropriate, clear answer 
 
Score (0-3) for Certainty (based on voice tone): 
0 = long hesitation or silence 
1 = hesitation, few words, sentences unfinished, need to be prompted to say more 
2 = hesitation between words, alternative answers 
3 = no hesitation at all, quick answer, description correctly reflects the script underlying 
the animation 

 


