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Abstract 

Eye movement control as a functional biomarker of brain development in a child welfare 

population 

 

Background: Prenatal Alcohol Exposure (PAE) can result in a continuum of neurological, 

behavioural, physical and learning deficits collectively referred to as fetal alcohol spectrum 

disorder (FASD). Eye movement tasks have been shown to be a promising approach to assessing 

brain dysfunction in children with FASD. However, these studies were limited to school-aged 

children because of the nature of the structured tasks. Our objectives were to investigate whether 

(i) a set of standardized screening tools (Ages and Stages Questionnaires (ASQ)) were able to 

identify specific patterns of developmental delay in young children who have a history of PAE, 

and (ii) the pattern of eye movement behaviours obtained from watching video clips could be 

used to differentiate young children 10-78 months with a history of PAE from control 

participants. 

Methods: Sixteen children with a history of PAE and twenty-one control participants watched 6-

16 minutes of video clips comprised of 2-4 second clipets that were semantically unrelated. Eye 

movements were recorded using the Eyelink 1000. 

Results: The overall gaze distributions of children with a history of PAE did not differ from 

controls. Data were analyzed for both developmental and group effects. The average amplitude 

of saccades increased with age in the control, but not the PAE, group. Both groups exhibited 

developmental effects of age on fixation duration and the number of saccades per movie. Group 

differences were also observed; children with a history of PAE exhibited smaller amplitude 

saccades. Further analysis revealed that in typically developing children, the frequency of 
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smaller amplitude saccades decreased with age. This developmental change was absent in 

children with PAE. Results from the ASQ indicate that children who scored poorly across one 

domain tended to score poorly across multiple domains.  

Conclusions: The results of this study extend previous findings that eye tracking has the 

potential to quantify brain damage associated with PAE. Future studies should continue to 

explore free viewing as a means to identify children with PAE who would benefit from further 

diagnostic assessment.  

 



iv 

 

Co-Authorship 

The research described in this thesis was conducted by Carmela Paolozza under the supervision 

of Dr. James Reynolds. The data were collected by Carmela Paolozza with the assistance of 

Brenda Packard and analyzed by Carmela Paolozza with the assistance of Donald Brien. The 

first draft of the thesis was written by Carmela Paolozza. 



v 

 

Acknowledgements 

I would like to begin by thanking all of the participants and their families who donated 

their time to participate in this research study. Your continued patience and commitment to 

research is appreciated.  

Thank you to my supervisor, Dr. James Reynolds, for your belief that my expertise as an 

early childhood educator would carry over to a Master’s in Neuroscience. This truly would not 

have been possible without you. I’m so grateful that you allowed me to ask any question, and 

answered without hesitation no matter how many times I asked. You continued patience with me 

helped me work full time, while continuing to complete my Master’s research. To my technical 

genius, the person I would send a panicked email to at midnight, Don Brien. Thank you so much 

for your encouragement and support throughout my three years at Queens.  

To my sister, Angelina, who started me on this path to begin with. I could never have 

imagined an initial meeting of each of our respective supervisors would have resulted in a 

multitude of projects combining the Hospital for Sick Children, Kids Brain Health, Queen’s 

University, and the Children’s Aid Society of Toronto. I can’t thank you enough for all of your 

patience, encouragement, and expertise in completing this study. I would most definitely not 

have gotten to this point without countless hours of your mentorship. It’s been a dream of mine 

to work with you and this has been such a success, I can only hope that we get the opportunity to 

work together again. To the rest of my family, my mom, dad, and brother, who continuously put 

up with my frequent mood swings, late nights, and provided guidance no matter how big or 

small, I thank you. To my supervisor at Sick Kids, Chaya Kulkarni, who always encouraged me 

to further my education, you gave me the courage to pursue this next step in my academic career 

and for that I am eternally grateful. 



vi 

 

 To the incredible staff at the Children’s Aid Society of Toronto, this research truly would 

not have been possible without you. To my direct supervisor, Brenda Packard, I can’t thank you 

enough for all the support and encouragement as I worked through this and a full time job. You 

are an inspiration – you are the reason I continue to seek out knowledge on infant mental health, 

child development, and child welfare. You are an expert in the field and it’s been a pleasure 

having you as a mentor for nearly ten years. To the staff at CAST, who have given me guidance 

as a student and now as an employee, specifically Tharsi, Ashley, Steph & Christine, and to the 

staff who selflessly brought their own children in to the Agency for the purpose of research, I 

thank you. Finally, to Cathy Breton, who was a leader in implementation of this study at CAST, 

I’m eternally grateful for your commitment to research that allowed me to complete this project 

to begin with.  

 This research was supported by Kids Brain Health (formerly NeuroDevNet) which is 

funded by the Networks of Centres of Excellence, a program of the federal government to 

advance science and technology. Thank you not only for your financial support, but for also 

affording me the opportunity to learn more about the field of developmental neuroscience 

through conferences and trainee events. To all the friends I’ve been through Kids Brain Health, 

thank you for always making me feel like a valued member of the community despite my non-

science background.  



vii 

 

Table of Contents 

 

Abstract ......................................................................................................................................................... ii 

Co-Authorship.............................................................................................................................................. iv 

Acknowledgements ....................................................................................................................................... v 

List of Figures .............................................................................................................................................. ix 

List of Tables ................................................................................................................................................ x 

List of Abbreviations ................................................................................................................................... xi 

Chapter 1 Introduction .................................................................................................................................. 1 

Chapter 2 Literature Review ......................................................................................................................... 4 

2.1 Statement of the Research Problem .................................................................................................... 4 

2.2 FASD Screening & Diagnosis ............................................................................................................ 5 

2.3 Issues with the Current Diagnostic System ......................................................................................... 6 

2.3.1 Cost of FASD ............................................................................................................................... 7 

2.4 Prenatal Alcohol Exposure: The Effects on Brain and Behaviour ...................................................... 8 

2.4.1 Influence on the Developing Brain .............................................................................................. 9 

2.4.2 Structural brain imaging studies ................................................................................................ 10 

2.4.3 Cognitive and behavioural deficits............................................................................................. 11 

2.5 High prevalence of FASD in foster care system ............................................................................... 13 

2.6 The Current Landscape of Infants and Young Children in Child Welfare ....................................... 13 

2.7 Neurocircuitry of Eye Movements .................................................................................................... 15 

2.8 Eye Tracking in Infants and Young Children with Autism .............................................................. 19 

2.9 Research Rationale, Hypothesis and Objectives ............................................................................... 26 

Chapter 3 Materials and Methods ............................................................................................................... 29 

3.1 Participants ........................................................................................................................................ 29 

3.2 Ages and Stages Questionnaire (ASQ) data collection ..................................................................... 30 

3.3 Experimental Setup: Free-viewing eye movement recording ........................................................... 30 

3.4 Experimental Paradigm ..................................................................................................................... 32 

3.5 Eye Movement Data Analysis........................................................................................................... 33 

3.6 Statistical Analysis ............................................................................................................................ 34 

Chapter 4 ..................................................................................................................................................... 35 

Results ......................................................................................................................................................... 35 

4.1 Participant Demographics ................................................................................................................. 35 



viii 

 

4.2 ASQ-3 and ASQ-SE ......................................................................................................................... 37 

4.3 Eye Movement Measures: Developmental Effects ........................................................................... 38 

4.4 Group Effects .................................................................................................................................... 42 

Chapter 5 ..................................................................................................................................................... 47 

Discussion ................................................................................................................................................... 47 

5.1 General Findings ............................................................................................................................... 47 

5.1.1 Developmental Effects in Eye Movement Control .................................................................... 48 

5.1.2 Group Effects in Eye Movement Control .................................................................................. 50 

5.1.3 Results from ASQ-3 and ASQ-SE ............................................................................................. 52 

5.2 Clinical Relevance ............................................................................................................................ 54 

5.3 Limitations ........................................................................................................................................ 54 

5.4 Future Directions .............................................................................................................................. 57 

Chapter 6 ..................................................................................................................................................... 59 

6.1 Summary and Conclusions................................................................................................................ 59 

References ................................................................................................................................................... 61 

 - Consent Form ....................................................................................................................... 71 Appendix A

 – Assent Form ......................................................................................................................... 74 Appendix B

 - Demographics Questionnaire ............................................................................................... 76 Appendix C

  

  



ix 

 

List of Figures 

Figure 3:1 – Experimental setup ................................................................................................................. 31 

Figure 4:1-The correlation between amplitude (A), velocity (B), fixation duration (C), and number of 

saccades per movie clip (D) is shown for control (n=21) and PAE (n=16) groups. ................................... 39 

Figure 4:2 -The correlation between fixation duration (D) and the number of saccades per movie (E) is 

shown in the above figures. A statistically significant effect of age is seen for both the PAE group and 

typically developing controls. ..................................................................................................................... 40 

Figure 4:3 The main sequence was preserved in both the PAE and control groups ................................... 41 

Figure 4:4 - Group differences were observed in amplitude (A) *p=0.016, but were absent in velocity (B), 

saccade duration (C), fixation duration (D), and number of saccades per movie (E). ................................ 43 

Figure 4:5 - Amplitude was further separated into the above bins to determine if there was a driving factor 

in the amplitude finding. The 2-5 degree amplitude showed significant group differences, and the 10-15 

degree amplitude was trending towards significance. There was no significant difference between groups 

in the 5-10 and >15 degree amplitude bins. ................................................................................................ 45 

Figure 4:6 – The number of movie clips completed (A) and percent of lost eye tracking (B) was 

statistically different in PAE and TD control participants. ......................................................................... 46 

 



x 

 

List of Tables 

Table 4-1 - Demographic Characteristics ................................................................................................... 35 

Table 4-2 Demographics Characteristics .................................................................................................... 36 

Table 4-3 ASQ-3 and ASQ-SE Data. .......................................................................................................... 37 

 



xi 

 

List of Abbreviations 

ADHD – Attention Deficit Hyperactivity Disorder 

ARND – Alcohol Related Neurodevelopmental Disorder 

ASD – Autism Spectrum Disorder 

ASQ-3 – Ages and Stages Questionnaires – 3
rd

 Edition  

ASQ: SE – Ages and Stages Questionnaire: Social Emotional 

CAST – Children’s Aid Society of Toronto 

CNS – Central Nervous System 

CPIN – Child Protection Information Network 

EEG – Electroencephalography  

FAE – Fetal Alcohol Effects 

FAS – Fetal Alcohol Syndrome 

FASD – Fetal Alcohol Spectrum Disorder 

GDD – Global Developmental Delay 

IQ – Intelligence Quotient 

MRI – Magnetic Resonance Imaging 

PAE – Prenatal Alcohol Exposure 

PET – Positron Emission Tomography  

PD – Parkinson’s disease 

p-FAS – partial Fetal Alcohol Syndrome 

TD – Typically Developing 

 



 

1 

 

Chapter 1 

Introduction 

The full spectrum of adverse effects that may occur following prenatal alcohol 

exposure are collectively referred to as fetal alcohol spectrum disorder (FASD). As the 

leading known cause of preventable developmental disability among Canadians, prenatal 

alcohol exposure is a public health problem that impacts on all levels of society (Public 

Health Agency of Canada, 2008). Children with FASD exhibit a number of physical, 

behavioural, cognitive, and learning disabilities (Mattson et al., 1998). The current 

diagnostic approach is time consuming, expensive, and can be challenging. Current 

diagnostic procedures require up to 2-full days of clinic time and assessment by a 

multidisciplinary team which includes physicians, dysmorphologists, occupational 

therapists, and psychologists for each child (Chudley et al., 2005). Moreover, in the 

absence of overt physical features associated with prenatal alcohol exposure, diagnostic 

assessment typically does not occur until the child reaches school age, when behavioural, 

cognitive and/or socio-emotional deficits become apparent (Stratton et al., 1996; 

Streissguth et al 2004). Therefore, novel screening tools that could more rapidly and 

objectively identify very young children with brain injury caused by prenatal alcohol 

exposure (PAE) would be invaluable for determining those children at-risk for adverse 

developmental outcomes that would most benefit from a multi-disciplinary diagnostic 

assessment and earlier intervention strategies.  

Saccadic eye movement tasks can objectively measure brain function, including 

voluntary and automatic behaviours, therefore are useful in the assessment of clinical 
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populations (Leigh & Zee, 1999). Furthermore, the neurocircuitry of eye movements has 

been studied extensively therefore deficits in eye movements can be accurately traced to 

dysfunction in specific regions of the brain,  Eye movement control has previously been 

used as a functional biomarker of brain development in neurodevelopmental disorders 

such as autism spectrum disorder (ASD), Parkinson’s disease (PD), and Attention Deficit 

Hyperactivity Disorder (ADHD). Eye movement tasks have been used to effectively 

characterize deficits in the executive functioning using tasks which can probe into 

sensorimotor processing of children with FASD (Green et al., 2009). One of the goals of 

this research project was to characterize eye movement behaviour of a prenatally exposed 

population of infants and young children who have a history of child welfare 

involvement. 

Despite a reported high prevalence of developmental delays within the child 

welfare population, relatively few children in foster care are systematically screened for 

developmental and mental health concerns (Evans, Scott & Schulz, 2004; Jee et al., 

2010). Even more alarming, very few infants and young children with confirmed prenatal 

alcohol exposure receive early intervention because the diagnosis of FASD does not 

typically occur until school age. Monitoring the development of these at-risk infants and 

toddlers is inconsistent, and the use of interventions is even more so (Leslie, Hulburt, 

Landsverk, Rollis, Wood & Kelleher, 2003; Evans et al., 2004; Jee et al., 2010).  

Brain plasticity is greatest in the first five years of life (Centre on the Developing 

Child, 2007), therefore the most effective protective factor in helping children with 

FASD is early identification when the opportunity to influence developmental trajectory 

is the greatest. The Ages and Stages Questionnaires (ASQ-3 & ASQ:SE) are first level 
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non-diagnostic screening tools used to identify infants and young children 5 years of age 

and under who may need further evaluation for possible developmental delays (Squires, 

Bricker & Trombly, 2002; Bricker & Squires, 1999). The ASQ-3 includes age specific 

questions that assess children’s functioning across five major domains including 

communication, gross motor, fine motor, problem solving, and personal social (Bricker & 

Squires, 1999). The ASQ:SE is an additional screening tool specific to the social 

emotional development of a child including self-regulation, compliance, communication, 

adaptive behaviours, autonomy, affect, and interactions with people (Squires, Bricker & 

Twombly, 2002). Delays in psychosocial development are common but frequently 

unidentified in children involved with child welfare.  Children whose score is 2 or more 

standard deviations below the mean are considered to be at risk for developmental delays 

and in need of further evaluation. Psychometric evaluation of both the ASQ-3 and 

ASQ:SE revealed promising consistency, reliability, and validity values (Squires, Bricker 

& Potter, 1997; Elbers, Macnab, McLeod & Gagnon, 2008; Jee et al., 2010). Thus, the 

collection of infant and child ASQ’s obtained through Children’s Aid Society of Toronto 

could provide valuable insight into the overall well-being of children who have been 

exposed to alcohol prenatally compared to those who have not.  
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Chapter 2 

Literature Review 

2.1 Statement of the Research Problem 

The full spectrum of adverse effects that may occur following prenatal alcohol 

exposure are collectively referred to as fetal alcohol spectrum disorder (FASD) (Chudley 

et al., 2005). Maternal alcohol consumption during pregnancy can increase the risk of 

FASD, and is recognized as the most common preventable cause of mental impairment in 

the western world (Popova et al, 2015). The prevalence of FASD in Canada is currently 

estimated at approximately 1% (PHAC, 2003b), however that estimation is much higher 

among special populations such as children in care, populations in corrections, and 

populations in isolated communities, and has been reported to reach up to 20% (Asante & 

Nelms-Maztke, 1985; Square, 1997; Williams et al., 1999). FASD encompasses a range 

of subgroups including fetal alcohol syndrome (FAS), partial fetal alcohol syndrome 

(pFAS), and alcohol related neurodevelopmental disorder (ARND) (Chudley et al. 2005). 

Impairment in at least three domains of central nervous system (CNS) function are 

required for a diagnosis of any subtype of FASD. Three classic facial features (short 

palpebral fissures, indistinct philtrum, thin upper lip) and growth deficiency are needed 

for a specific diagnosis of FAS. For a diagnosis of p-FAS, only two of the three facial 

features must be present. In all circumstances, confirmation of maternal alcohol 

consumption is needed unless every criterion of FAS is met.  

Despite widespread education and known implications of PAE, FASD is still the 

leading cause of preventable developmental delays in Canada, present in an estimated 1 
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in 100 live birth (Public Health Agency of Canada, 2008). PAE influences the developing 

brain, resulting in a range of mild to severe behavioural, neurological, and intellectual 

abnormalities (Stratton et al., 1996; Abel, 1998). There are a number of primary and 

secondary processes vulnerable to PAE including executive functioning, visuospatial 

processing, motor skills, memory, and maladaptive and neuropsychiatric outcomes, 

which are likely to have lifelong implications.  

PAE is associated with many adverse secondary outcomes including, but not 

limited to mental health and substance abuse treatment, foster care, involvement in the 

criminal justice system, and long-term care of individuals with physical and cognitive 

disabilities (Popova et al, 2015). Furthermore, individuals with FASD are at an increased 

risk for abuse, neglect, and involvement with foster care which later increases their risk 

of developmental adversity (Kvigne et al., 2004).  

2.2 FASD Screening & Diagnosis 

Early screening and diagnosis is necessary for infants and young children who 

may be affected by PAE given the wide range or deficits and disabilities associated with 

FASD (Popova et al., 2013). For ARND, this is especially important as there is an 

absence of the growth restriction and facial dysmorphology that characterize FAS and are 

taken as evidence of PAE. While FASD screening and intervention is important at any 

age, early diagnosis is of critical importance for a number of reasons. First, 

developmental interventions that take place earlier, are more likely to improve the quality 

of life for people with FASD (Popova et al., 2013). Additionally, early intervention has a 

greater chance of preventing secondary disabilities including later addiction, mental 

health difficulties, school drop-out rates, involvement with the law and incarceration, and 
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dependent living (Streissguth et al., 2004). Further evidence that diagnosis can have long 

term benefits for people with FASD was provided by Paintner et al., (2012), who found 

that diagnosis and provision of an appropriate environment not only improved outcomes, 

but also decreased the risk for additional impairments by up to four fold.  

Screening of children for PAE is not only important for potential diagnostic 

purposes, but can also facilitate the prevention of subsequent FASD affected births. 

Providing treatment and counseling to birth mothers with alcohol dependency and mental 

health issues may help reduce the risk of further alcohol-exposed pregnancies (Astley et 

al., 2000). Screening does not equate to and should not be used in lieu of a full diagnostic 

assessment, but can be helpful in determining children who may be at risk for FASD. The 

role of physicians and health care professionals in screening is to recognize the presence 

of dysmorphic facial features, and developmental & behavioural problems that may be 

due to PAE, and confirm maternal alcohol consumption (Chudley et al., 2005). Other 

professionals including those in the educational system, social services field, the judicial 

system and the mental health system should also be trained in the screening and referral 

process for PAE. 

2.3 Issues with the Current Diagnostic System 

Although great strides have been made in recent years in regards to screening 

tools, there is currently no widely accepted standardized screening tool for FASD in 

Canada in part because the validity and reliability of screening tools has not yet been 

verified (Goh et al., 2008). Diagnosis of FASD is complex and involves a 

multidisciplinary team including physicians, dysmorphologists and/or clinical geneticists, 

psychiatrists or neurologists, psychologists and other developmental specialists including 
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occupational therapists, speech and language psychologists and physiotherapists 

(Chudley et al., 2005). Furthermore, a number of criteria must be met in order for 

diagnosis of FASD to occur. These criteria include a physical examination, 

dysmorphology assessment, neurobehavioural assessment, and confirmation of PAE 

(Popova et al., 2013). Clearly FASD diagnosis can be seen not only as a lengthy process 

but a costly one. 

Furthermore, it is estimated that the diagnostic capacity across Canada is limited; 

therefore, the cost would be much higher if FASD were more largely recognized by 

health care professionals, (Clarke & Tough, 2003), and the expertise needed to 

accommodate the diagnostic process was not limited. Based on an FASD prevalence of 

1%, which is the current conservative estimate in Canada, research suggests that a 

seventeen fold increase in FASD diagnostic capacity in Canada is needed to diagnose all 

the cases that currently exist (Clarren et al., 2011). 

2.3.1 Cost of FASD 

In a recent study estimating the overall burden associated with FASD in Canada, 

Popova et al (2015) estimated that the total cost associated with FASD in 2013 alone to 

be $1.8 billion (with $1.3 billion as the lower estimate, and $2.3 billion as the upper 

estimate). This included loss of productivity due to disability and premature mortality 

(42% of total cost), cost of corrections (30%), cost of health care including speech and 

language, drugs, psychiatric care, screening and diagnosis, and addictions treatment 

(10%), and other direct costs such as children in care, supportive housing, special 

education, prevention and research. This study reports it’s finding to be conservative, 
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which would indicate that overall, the cost of FASD is a substantial economic burden to 

society that is recognized as preventable.  

As described above, the current diagnostic system is not only time consuming, but 

is also expensive due to the need for a multidisciplinary team conducting assessments 

over several days. It is estimated that the total cost for one individual to be screened, 

referred, admitted, and diagnosed with FASD ranges from $3,110 to $4,540, and can take 

between 32 and 47 hours total, per person (Popova et al., 2013). The annual cost of 

FASD diagnosis in Canada is estimated to range from $3.6 million to up to $7.3 million 

(upper estimate) (Popova et al., 2013).   

The high prevalence of PAE among the child welfare population specifically is 

also costly. Children in the care of child welfare agencies across Canada with FASD are 

estimated to cost anywhere from $57.9 to $198.3 million Canadian dollars annually 

demonstrating that FASD places a substantial economic burden on the child welfare 

system (Popova et al., 2011). In their study Popova et al (2013) state that prevention 

efforts to reduce incidence of FASD in Canada and early intervention to address 

developmental delays at an early age are of critical importance.  

2.4 Prenatal Alcohol Exposure: The Effects on Brain and Behaviour 

The harmful effects of prenatal alcohol exposure were first described in the 

medical literature over 50 years ago (Jones et al., (1973), and since this time, there has 

been significant focus on the neurocognitive functioning of children with PAE. PAE can 

have a deleterious impact on a number of systems in the developing fetus, which may 

result in a range of adverse outcomes in the offspring, including physical, cognitive, 

emotional, behavioural and adaptive functioning deficits, as well as congenital defects in 
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the cardiac, skeletal, renal, and auditory systems, all of which have lifelong implications 

(Popova et al., 2015). While there is a wealth of research stating that children with 

histories of heavy prenatal alcohol exposure show evidence of changes in brain structure 

and function, and that there are a variety of behavioural effects presumably resulting from 

this insult to the brain (Mattson & Riley, 1998; Roebuck et al., 1998), only recently have 

studies begun to demonstrate the relationship between these two areas – that changes in 

the brain structure can negatively affect behaviour (Mattson, Schoenfeld & Riley, 2001).   

2.4.1 Influence on the Developing Brain 

It is now well known that PAE causes deficits in the developing brain. The 

developing brain is particularly vulnerable to the toxicity of alcohol due to the broad time 

frame of susceptibility during pregnancy, from neurulation, when the neural tube is 

formed all the way through to birth (Kobor & Weinberg, 2011). Recent discoveries 

identifying how PAE affects the structure and function of the brain and the individual 

neurons from which it is built are summarized in a review by Phillips (2015). The effects 

of alcohol on the brain lead to impairments in cognition, planning, and self-control. As a 

result, the ability to select appropriate responses, or suppress automatic, impulsive 

responses is impaired (Phillips, 2015). These effects are not always apparent in a child’s 

early life, but become more apparent at later stages of child development. Brain imaging, 

psychological and neurobiological studies have all been used to identify the specific brain 

regions affected by PAE. For example, recent neuroimaging studies have demonstrated 

reductions in the overall size of the brain, and selective involvement of specific regions 

of the cerebral cortex such as the prefrontal cortex, and regions of the parietal lobe, the 

amygdala, and the cerebellum (Guerri et al., 2009; Riley & McGee, 2005; Soh et al., 
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2015).  These studies have demonstrated that it is not only the overall size of these brain 

regions that are affected by PAE, but that the activity of these brain regions as measured 

by functional neuroimaging are also impaired.  Though research has confirmed that the 

regions concerned with higher cognitive functions are especially vulnerable, the damage 

caused by PAE is widespread throughout the brain and is not necessarily restricted to the 

regions identified above (Phillips, 2015).  

2.4.2 Structural brain imaging studies 

The direct effects of alcohol on the developing brain were noted in the earliest 

reports of FAS (Jones et al., 1973). One caveat of these early studies is that they only 

represented the most severely affected children, making it problematic to generalize the 

findings to all children with PAE. With the advent of structural imaging techniques such 

as positron emission tomography (PET) and magnetic resonance imaging (MRI), 

researchers can study the specific areas of the brain that are most influenced by PAE.  

Imaging studies of prenatally exposed children have consistently shown a decrease in the 

overall size of the brain, and smaller head size as a result (Roebuck et al., 1998), 

however, to determine which areas of the brain are most vulnerable, researchers have 

assessed specific structures in proportion to overall brain size. The basal ganglia and 

cerebellum are some of the areas in which research has focused.  

Cerebellum 

The cerebellum is an area of the brain particularly vulnerable to the toxicity of 

alcohol exposure. The cerebellum plays a key role in a number of higher cognitive 

functions such as attention and spatial orientation, as well as basic cognitive functions 

such as balance, posture, gait, and muscle tone (Paquier & Marien, 2005). Cerebellar 
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damage in young children with FASD can lead to motor performance deficits and 

problems with balance and attention (Bookstein et al., 2001). Decreased volume of the 

cerebellum has been previously described in studies of individuals with FASD (Archibald 

et al., 2001; Mattison et al., 1992). The cerebellum also has indirect connections with the 

cerebral cortex, basal ganglia and thalamus.  

Basal Ganglia 

The basal ganglia  are a group of nuclei with connections to both cortical and 

subcortical structures such as the frontal cortex and thalamus respectively (Devinsky & 

D’Esposito, 2004).The basal ganglia also have a strong connection with the frontal lobe, 

and as a result contribute significantly to the regulation of voluntary motor control 

including eye movements (Devinsky & D’Esposito, 2004). In a study completed by 

Mattson and colleagues, it was found that children with FAS had reduced basal ganglia 

volumes after adjusting for overall microencephaly (Mattson et al., 1996). Interestingly, 

the caudate nucleus within the basal ganglia was further reduced in size It is hypothesized 

that damage to the caudate may result in cognitive deficits including working memory, 

executive functioning, and attention. In a follow-up MRI study, it was discovered that 

while the basal ganglia were disproportionately smaller in size, the caudate nucleus was 

the most severely affected by PAE (Archibald et al., 2001). Mechanisms proposed for the 

drastic reduction of brain cells in this region include apoptosis, oxidative stress, and 

damage to the radial glia stem cell progenitor pool (Green, 2004). These stressors go on 

to influence coordination, physical dexterity, and visuospatial processing (Green, 2004).  

2.4.3 Cognitive and behavioural deficits 
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Over the last few decades, the amount of published data on the cognitive and 

behavioural functioning of children with FASD has increased enormously. Though only 

some of the children who go on to receive a diagnosis of FASD display the 

morphological anomalies, many children still display significant cognitive and 

behavioural limitations. The term ARND describes the neurodevelopmental problems 

that are seen in the absence of clinically discernable morphological anomalies (Stratton, 

et al, 1996). One of the difficulties in identification of children with ARND is that the 

neurocognitive profile is similar to a number of other neurodevelopmental disorders, 

most notably conduct disorder and ADHD. Determining which cognitive and behaviour 

deficits are unique to FASD has received considerable attention in recent years due to the 

high comorbidity rates (Kodituwakku, 2007).  

Intellectual functioning is often thought to be a defining characteristic of FASD, 

and is used in a number of diagnostic schemes including the Canadian diagnostic criteria 

(Chudley et al., 2005). Early studies (Streissguth et al., 1978), found that alcohol exposed 

individuals with full FAS had IQ’s more than two standard deviations below the mean, 

and this finding remained stable over repeated testing. There is also evidence that the 

verbal and nonverbal IQs of children with FASD are impaired, suggesting an overall 

intellectual delay (Mattson et al., 1998).   

Results from neuropsychological studies has demonstrated that in addition to 

overall intellectual or cognitive deficits, researchers have also evaluated a broad range of 

cognitive functioning in children with PAE, FAS, FAE, or ARND including language 

skills, fine-motor skills, nonverbal learning, academic performance, and visual-spatial 

functioning (Mattson, Schoenfeld & Riley, 2001). Most notably, learning and memory, 



 

13 

 

executive functioning, and psychosocial deficits and problem behaviours are more 

commonly studied in children with FASD.  

2.5 High prevalence of FASD in foster care system 

 Child and youth in the care of child welfare organizations or child protective 

services are a unique group that display disproportionately increased rates of 

developmental delays (Fuchs et al., 2008). There are a number of unfavorable 

circumstances that might trigger child welfare involvement including but not limited to 

neglect, abuse, parental mental health, exposure to domestic violence, and exposure to 

drugs and alcohol. These circumstances can increase the odds of prenatal alcohol 

exposure, and consequently FASD, among children in the child welfare system. A recent 

literature review by Lange and colleagues (2013) discovered that the overall pooled 

prevalence of FAS and FASD among children and youth in the care of child welfare 

organizations across the globe was calculated to be 6.0 % (60 per 1000; 95& CI: 38 to 85 

per 1000) and 16.9% (169 per 1000; 95%CI: 109-238 per 1000) respectively. These 

findings confirm that children who are involved with child welfare are at a heightened 

risk for FASD, and screening is imperative in these high-risk populations.  

2.6 The Current Landscape of Infants and Young Children in Child Welfare 

Infants and young children are especially vulnerable to the effects of 

maltreatment, but are also the most investigated group experiencing maltreatment in 

Canada prompting the need for immediate and targeted action to improve outcomes. In 

fact, the 2008 Canadian Incidence Study of Reported Child Abuse and Neglect (Public 

Health Agency of Canada, 2010) reveals that children ages 0 to 3 are involved in 26% of 

all child protection investigations, for a total of 61,195 investigations in 2008. Trends in 
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the data suggest that the youngest children are those most prone to investigation by child 

welfare agencies. Children under 1-year old are the most reported, with 51.81/1000 

children in this age group investigated. The next most reported population is children 1 to 

3, of which 43.14/1000 are investigated for maltreatment. Thereafter, the rate at which 

children come into contact with the child protection system continues to decrease with 

age (Public Health Agency of Canada, 2010). 

Children’s developmental vulnerability to the corrosive effects of maltreatment is 

apparent in the data reported by the Public Health Agency of Canada (2010), which 

indicates that in 46% of all substantiated child maltreatment investigations, the child in 

question had a known functional concern. Such concerns include academic difficulties, 

symptoms of depression, anxiety or withdrawal, aggressive behaviours, and attachment 

issues (Public Health Agency of Canada, 2010). Further research is required to highlight 

the particular dangers of maltreatment to the youngest age groups; however 

developmental science tells us that the youngest children are likely to be the most 

negatively influenced by experiences of maltreatment and trauma which initiate toxic 

stress responses.  

Parent qualities may be the best predictors of children’s likelihood to be subjected 

to maltreatment, as children who have primary caregivers with mental health issues, 

substance abuse issues, who have few social supports, or who are victims or perpetrators 

of domestic violence are well represented in substantiated investigations. (Public Health 

Agency of Canada, 2010). According to the most recent Canadian Incidence Report 

(2010), a number of caregiver risk factors played a role in substantiated child 

maltreatment investigations. These caregiver risk factors included drug and alcohol abuse 
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in 48% of investigations, domestic abuse in 46% of investigations, lack of social supports 

in 39% of investigations, mental health issues in 27% of child maltreatment 

investigations. 

The path forward for these children varies greatly. Some 73% of cases identified 

in 2008 were closed, with just 27% of cases remaining open for ongoing services (Public 

Health Agency of Canada, 2010). A relatively small fraction (8%) of children engaged in 

the child protection system in 2008 were placed outside of their homes, half of whom 

went to informal kinship care, and the other half foster care (Public Health Agency of 

Canada, 2010). Children ages 0 to 4 account for 29% of all foster children (Statistics 

Canada, 2012). Startlingly, nearly half of the children investigated in 2008 had been in 

previous contact with child protection services (Public Health Agency of Canada, 2010). 

This pattern of return to care suggests a need for systems of care that more effectively 

address the developmental needs and risks to development faced by infants. It is crucial 

that practitioners in the child protection context remain abreast of developmental science 

and that service delivery becomes consistently informed by the needs of infants. Only 

when all maltreated children ages 0 to 3 are provided with care that reflects the realities 

of their early development can we be sure that we are providing beneficial protection 

services. 

2.7 Neurocircuitry of Eye Movements 

Saccadic eye movement tasks are valuable because they can objectively measure 

brain functioning including both automatic and voluntary behaviours (Leigh & Zee, 

1999). This could prove especially useful in an infant population because data can be 

collected in a manner that is quick, non-invasive, and accurate. Furthermore, the 
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neurocircuitry of eye movement control has been studied extensively; eye movement 

deficits may therefore be predictive of dysfunction in specific brain regions. The system 

is ideal when investigating the link between brain and behaviour to characterize cognitive 

development. Oculomotor tasks have been used extensively in previous studies that have 

investigated higher cognitive functioning processes such as reading, planning, 

expectation, and memory (Basso, 1998, Land & Furneaux 1997, Hutton & Ettinger, 

2006) in healthy controls. When these processes are disrupted, oculomotor tasks have 

been used to investigate the basis behind such impairments (Luna & Sweeney, 2001). 

Eye movement studies are ideal for populations of young children because the tasks can 

be adjusted in complexity based on age, and eye-movement responses can be measured 

with extreme precision (Luna, Velanova & Geier, 2008).   

In 2013, Tseng et al. published a paper from a novel free viewing task administered 

using the ISCAN. This study was completed in children with FASD (mean age 12.3; n=13) 

with a task which required participants to simply watch 15 minutes of random short video 

clips with no further instruction. Two hundred and twenty four quantitative features of 

saccades were then extracted and run through a microarray analysis to identify critical 

features that differentiated participants with FASD from controls. The analysis was able to 

classify FASD versus controls at 79.2% accuracy and FASD versus ADHD at 90.4% 

accuracy. Interestingly, the classifier was more likely to misplace a child with FASD in the 

control group than the ADHD group (Tseng et al. 2013a). This study was repeated recently 

using the Eyelink 1000 (SR Research, Mississauga, ON, Canada), a device which uses a 

remotely mounted infrared light and camera with nothing touching the child, allowing for 

more natural viewing behavior. In a cohort of children with FASD (5-18 years old; n=47), 

using only 5 minutes of video clips, the classification accuracy obtained was 74.1% in FASD 
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children versus control children. Although this accuracy was not improved, the first paper 

included analysis based only on saccades while the new analysis contains additional eye 

movement features such as gaze (Tseng et al. 2013b). 

Free viewing eye tracking tasks have been used previously in a number of studies 

involving infant attention and social processing to discover how pre-verbal infants and 

young children direct their attention in a number of tasks. It is well known that infants 

show preference for faces at a very young age as compared to other distractors. Authors 

Frank, Vul & Johnson (2009) explored the development of attention to faces in complex 

scenes in their study. Eye movements were recorded for children at 3, 6, & 9 months of 

age during free-viewing clips of A Charlie Brown Christmas. As children aged, the 

tendency to look at faces increased in that 3 month olds infants were less consistent in 

where they looked compared to 6 and 9 month old infants (Frank et al., 2009). The 

authors hypothesize that this result may be due to developmental changes that occur in 

the first year of life including a preference to look at faces as a source of social 

information, and the development of attentional and inhibitory mechanisms that allow 

infants to suppress salient background stimuli in order to favor faces (Frank et al., 2009). 

In a later study, Frank, Vul & Saxe (2012) explored how infants as young as three 

months, and toddlers of 30 months directed their attention to other people in the natural 

world. In their study, the authors investigated age related changes in the perception of 

faces and goal-directed actions in complex and unconstrained viewing environments. The 

results of this study confirmed the findings of many other studies. This was that children 

were more attentive to faces over other body parts and the surrounding physical context 

(Frank et al., 2012). The authors also found a number of other developmental patterns 



 

18 

 

they had not previously expected. Both age of the infant and what the face was doing had 

an influence on the infant and toddler fixation to faces (Frank et al., 2012). The authors 

found that younger participants looked more at the eyes whereas older participants were 

more interested in the mouth of the faces, and this pattern was observed even more so 

when the mouth was smiling or talking. Furthermore, it was reported that the older the 

child, the more they looked at hands, especially if the hands were involved in complex 

actions like picking up or putting down an object (Frank et al., 2012). The results of this 

study suggest that the way children view social stimuli changes over the first few years of 

a child’s life. The youngest infants were more prone to look at and within the facial area, 

whereas older toddlers were more prone to look at sources of interesting actions and 

emotional expressions (Frank et al., 2012). This study contributes to both the use of free-

viewing eye tracking as an accurate measure of attention in infants and toddlers, and 

points to the importance of gaze fixation in the early years.  

Eye tracking has proven to be a useful measure for quantifying infant interactions 

that are predictive of different cognitive behaviours. Eye tracking is especially useful 

when looking at gaze fixation in infants and young children because of the accuracy and 

non-intrusive nature of the task. Eye tracking technology can offer a direct measure of 

visual social attention, or the attentional bias to look at other people, notably their face, 

eyes, and where they direct their attention (Sasson & Elison, 2012). Therefore, eye 

tracking could prove to be a useful tool in diagnosing infants and young children at risk 

for developmental delays. Many of the behaviours typically associated with social 

cognition such as gaze fixation, imitation, and attention can be explored using eye 

tracking methods like the free-viewing task. Behaviours like this are often the first to be 
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impaired in atypically developing children so the potential relevance of eye tracking as a 

diagnostic tool should not be overlooked.   

2.8 Eye Tracking in Infants and Young Children with Autism 

 

Much of the available research on eye tracking in infants and young children has 

been done with participants who are at risk or have presently been diagnosed with autism. 

Furthermore, we know that there is a significant overlap in the phenotypic presentation 

between autism and FASD, and many children with FASD and ASD have a co-morbid 

diagnosis (Varadinova, M., Boyadjieva, N., 2015). In their study, Varadinova & 

Boyakieva (2015) investigated the epigenetic mechanisms in the link between ASD and 

FASD because epigenetic alterations are believed to be involved in alcohol’s detrimental 

effects on the brain. Furthermore, the abundance of evidence pointing to the range of 

behavioural and cognitive impairments associated with PAE shares common traits such 

as abnormal response to stimuli, communication weakness, behavioural maladjustments 

and sensory distortions (Tunc-Ozcan et al., 2013). Many children later diagnosed with 

FASD also have a comorbid diagnosis of ASD due to overlap in the phenotypic profile of 

ASD & FASD (Bishop, Gahagan & Lord, 2007; Stevens, Nash & Koren, 2013). Much of 

the research involving eye tracking and young children has been done in the ASD field. 

Since there is significant overlap in the presentation of ASD and FASD, the below 

research is included in the literature review.  

The potential for eye tracking to characterize neurodevelopmental conditions such 

as autism has been highlighted in recent years. In their article, Falck-Ytter et al., (2013) 

conclude that eye tracking can reveal important features that can inform the complex 
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picture of autism spectrum disorder (ASD). Early intervention has been shown to 

improve long-term outcomes for children with ASD, which is defined by impairments 

across areas of reciprocal social interaction including verbal and non-verbal 

communication, ritualistic and repetitive behaviours, and stereotyped behaviours 

(Dawson, 2008). Since early identification is obviously a prerequisite for early 

intervention, the focus on infant development and detection of autism is essential. Autism 

is rarely diagnosed before 18 months of age; therefore, much is unknown about autism 

during the first two years of development (Klin et al., 2009). Altered neurodevelopmental 

trajectories in individuals with ASD later in life have shown that motor, social, 

communication, and cognitive domains are among those influenced. There is also new 

evidence showing structural differences in the brain of infants who go on to receive a 

diagnosis of ASD as compared to those who do not (Wolff et al., 2012). Several eye 

tracking studies have recently emerged illustrating a consensus that detailed 

characterization of young children with ASD using eye movements is a promising new 

focus of research (Falck Ytter et al., 2012).  

The most commonly used method to study gaze fixation is corneal reflection eye 

tracking (Gredeback et al., 2010). This method, based on the reflection of near-infrared 

light from the cornea and the pupil, has been shown to be highly accurate and non-

obtrusive and therefore well suited to the study of infants and young children.  Studies 

involving detection of autism in early life typically focus either on either naturalistic 

stimuli, paired visual performance, or gaze/point following (Falck Ytter et al., 2012). 

Naturalistic stimuli, like those previously described in the free-viewing tasks, are studies 

where infant gaze is measured while looking at relatively complex scenes that bare a 
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resemblance to real life. Studies looking at performance in (semi) naturalistic contexts 

have shown that young children with ASD will look longer at video clips with social 

content than children without ASD (Falck Ytter et al., 2012). Eye tracking studies are not 

limited to those involving gaze following or face perception. Kaldy et al., (2011) found 

that toddlers as young as 30 months with ASD are better at finding targets in certain types 

of visual search tasks than typically developing children. Differences in visual search 

processing at such an early age in children with ASD, and typically developing children 

are simply another example of the relevance of eye tracking studies as a potential 

diagnostic tool of ASD.  

In another study by Falck-Ytter et al. (2013) children with autism were compared 

to neurotypical children while watching semi-naturalistic social interactions to determine 

if gaze performance was different amongst the two groups of children. The authors found 

that they could use event-related measures to distinguish between the two groups of 

children using a novel bottom-up approach (Falck-Ytter et al., 2013). Furthermore, Falck-

Ytter et al., (2013) found that young preschool children with ASD provide direct clues 

regarding information they fail to attend to when looking at videos of other children. 

Genetic predisposition in children with autism is likely exacerbated by increasingly 

atypical experiences in their early lives (Klin et al., 2009). In their review of the current 

eye tracking research, Falck-Ytter et al., (2012) conclude that eye tracking can be used to 

describe autism at a unique intermediate level with links to the underlying cognitive 

networks, and could possibly be used as an integrated part of screening and diagnostic 

assessments.  
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Examples of studies like the ones listed above prove useful in quantifying 

behavioural differences in children with ASD and neurotypically developing children. 

Klin et al., (2002) were among the first researchers to look at infant eye tracking in 

relation to early detection of autism. In their study, Klin et al., (2002) showed that the 

way high functioning adults with ASD look at dynamic social scenes is markedly 

different from how a typical adult might look at the same scene. For example, typically 

developing infants show preferential attention both to social stimuli rather than inanimate 

stimuli, and social features of the face such as the eyes rather than the mouth whereas 

individuals with autism tend to lack these social predispositions (Klin et al., 2002). In a 

more recent study, Klin et al., (2009) investigated if preferential attention to biological 

motion was altered in two-year old children with autism, and also sought to determine 

what other factors guided their visual attention when they did not show a preferential 

attention to biological motion. Klin et al., (2009) highlights the importance of attending 

to biological motion within the first dew days of life. The rationale for this being that the 

neural underpinnings of biological motion perception are overlapping with the brain 

regions which are involved in the perception of basic social signals such as gaze direction 

and facial expression (Pelphrey et al, (2015). The researchers discovered that there was a 

lack of preferential attention towards biological motion that was consistent with the 

diminished attention to the eyes and eventually reduced expertise in social interactions 

found later in life.   

It is important to note that studies examining eye tracking and ASD are not 

limited to comparing only typically developing children to children with ASD. Shic et al., 

(2010) conducted a study in which 20-month-old toddlers with ASD were compared to 
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both a control group of typically developing toddlers, and toddlers displaying 

developmental delays who did not meet the criteria for autism. The results of this study 

highlight the importance of including children with developmental delays in current 

research on autism so that children with autism can be parsed apart from children with 

other developmental delays as opposed to only being compared to typically developing 

children. Shic et al., (2011) looked at the ability of infants to attend to activities occurring 

in an adult-child play interaction. Attending to others is a critical first step in 

understanding the actions of others so a deficit at this stage can inhibit future learning. In 

their study, Shic et al., (2011) found that 20-month-old toddlers with ASD attend less to 

others activities, and divert their attention to elements of the background (such as toys) 

whereas toddlers with developmental delays showed patterns similar to those of typically 

developing toddlers, making this a phenomenon specific to toddlers with ASD. 

Interestingly, toddlers with ASD spent a similar amount of time looking at people as their 

comparison group, however, closer examination revealed that similar to the results of 

Klin and colleagues (2002), attention was directed more to bodies and less to heads (Shic 

et al., 2011). 

In another study, Jones et al (2008) highlight the importance of identifying 

potential biomarkers for qualifying autism at an early age. In their study, the authors 

attempted to quantify preferential attention to the eye of others, which is currently one of 

the earliest points of diagnosis of autism in young children (Jones et al., 2008). Jones and 

colleagues (2008) concluded that 2-year-old toddlers with autism looked at the eyes 

significantly less than both typically developing children and developmentally delayed 

nonautistic children. Their results suggest that for children with autism, specific 
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behaviours are already in place that can derail development in later life, but potential 

biomarkers are also in place that can quantify the manifestation of autism at an early age 

(Jones et al., 2008). Early intervention in children with autism, as discussed previously, 

can have longstanding implications for future development. 

 Recent advances in eye tracking studies involving early diagnosis of ASD have 

not been without limitations. First, the actual administration of eye tracking can be costly 

and requires expertise amongst researchers (Falck-Ytter et al., 2012). In their reviewed 

studies, Falck-Ytter et al., (2012) note that articles focused on eye tracking as a 

diagnostic tool do not account for some contextual and participant factors that are 

currently somewhat poorly understood. However, the authors also note that many of the 

conclusions made by researchers in the field (e.g., looking time to the mouth related to 

language) are justifiable. In their review of visual attention in ASD and eye tracking 

studies, Guillon et al., (2014) conclude that although a majority of eye tracking studies 

indicate that individuals with ASD show decreased visual attention to social stimuli, this 

is context-dependent. Furthermore, the authors found that more research was needed in 

the youngest populations in order to conclude that impairments in interpreting gaze cue, 

and focus on excess mouth and diminished eye gaze are characteristics of early ASD 

(Guillon et al., 2014).  

 The emergence of eye tracking as an accessible, accurate measure of quantifying 

infant and toddler behaviour has been instrumental in recent autism research. Eye 

tracking has so far been used with clinical populations to attempt to identify 

characteristics specific to certain disorders, promote early identification, and inform 

treatment (Sasson & Elison, 2012). In their paper, Sasson & Elison (2012) describe the 
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unique challenges involved in using eye tracking in young children with autism including 

those that are disorder-related, and those that are task related. The authors describe a set 

of best practice guidelines and recommendations that may help investigators to avoid 

pitfalls and strengthen their research design when using eye tracking that is applicable to 

children with ASD, and also more broadly applicable for eye tracking in children with 

other developmental disabilities (Sasson & Elison, 2012). The best practice guidelines by 

Sasson & Elison (2012), describe a set of practical recommendations for setting up the 

eye tracking equipment, modifying the testing environment and stimuli, procedures, and 

analysis of eye tracking data in infants and young children. A number of these 

recommendations were taken into account with the present study. For example, the 

testing environment was set up in a way to minimize distractions including sparse room 

décor, positioning the experimenter out of view from the participant, and testing in a 

darkened environment. Additionally, a number of procedural guidelines from Sasson & 

Elison (2012) were used in the present study such as accompaniment of a parent or 

guardian, conditioning children to the testing environment and practices with use of a 

cartoon playing before the experiment began, and seating a young participant on their 

caregiver’s lap if they are not old enough to sit independently.  

 The above research has demonstrated that infant eye tracking as a potential 

diagnostic tool shows great promise, so much so that specific guidelines and 

recommendations have been created for development of future research. The future of 

eye tracking is not only limited to use in infants and young children with autism spectrum 

disorder, but could also be considered for a host of other neurodevelopmental delays 

found in early childhood that would surely benefit from early intervention. There are a 
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number of studies found in the literature suggesting differences in eye tracking data in 

typically developing children and those with developmental delays. Two such 

neurodevelopmental disorders that use eye tracking as a quantitative means to measure 

differences in development are fetal alcohol spectrum disorder (FASD), and attention 

deficit hyperactivity disorder (ADHD). Previous research has found that the natural 

viewing behaviours of children aged 5-18 watching video clips can reveal differences in 

the processing of visual information that distinguishes typically developing children from 

those with ADHD and FASD (Tseng et al., 2013). Children with FASD, for example, 

typically perform worse than matched controls on measures of executive function (EF), 

working memory, mathematics, and reading, demonstrating a broad range of 

neurobehavioural deficits. Novel relationships between neurobehavioural measures and 

structured eye movement tasks like those described in studies of infants with autism 

demonstrate the utility of inexpensive and mobile eye movement assessment as means of 

analyzing brain dysfunction in older children (Paolozza et al., 2014). If differences can be 

found in populations of older children, natural viewing behaviours of younger children 

might provide even more insight. 

2.9 Research Rationale, Hypothesis and Objectives 

This thesis research focuses on the early biomarkers of prenatal alcohol exposure 

in a child welfare population. Saccadic eye movements have previously been shown to be 

a non-invasive, cost effective way of objectively assessing executive functioning in 

children with FASD (Green et al., 2007, 2009a). This kind of assessment can be easily 

tailored to a population of infants and young children, therefore allowing for earlier 

identification and eventually intervention in a child welfare population. In the current 
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study, infants attended to approximately 10 minutes of free-viewing video clips while 

their saccadic eye movements were recorded from a portable, state of the art eye tracking 

machine, the Eyelink 1000 (SR Research, Mississauga, ON).  

Many high-prevalence neurological disorders involve dysfunctions of oculomotor 

control and attention. Recording of free-viewing eye movements has been previously 

used with infants and young children with autism, as well as older children and adults 

with ADHD, FASD, and Parkinson’s disease (PD). In the latter study, Tseng and 

colleagues, (2013) used machine learning techniques to identify critical features that 

differentiated patients from control subjects with saccadic eye movements recorded from 

only 15 minutes of videos. Additionally, as noted above, a number of studies have 

examined the free-viewing eye movements of infants and young children who are later 

diagnosed with autism (Sasson & Elison, 2012, Shic et al., 2011, Chawarska et al., 2013). 

Novel screening tools that could more rapidly and objectively identify children with brain 

injury caused by prenatal alcohol exposure have great potential.  

Thus, the current study is designed to meet the following objectives: 

1. To investigate if there is a specific pattern of developmental delay among 

infants and young children with a history of prenatal alcohol exposure that can 

be identified using a validated developmental screening tool (ASQ-3 & 

ASQ:SE). 

2. To investigate the use of eye movement behaviours as a way of objectively 

identifying prenatal alcohol-induced brain injury in infants and young 

children. 

The present study is also designed to test the following hypotheses: 
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1.  The ASQ tools will identify specific patterns of developmental delay in 

infants and young children who have a history of prenatal alcohol exposure 

2. The pattern of eye movement behaviours obtained from watching 10 minutes 

of video can be used to differentiate young children (1-6 years old) with a 

history of prenatal alcohol exposure from age-matched children with no or 

minimal prenatal alcohol exposure.   

 

 

 

 

 

 

 

 

 

 

 

 

 



 

29 

 

Chapter 3 

Materials and Methods 

3.1 Participants 

All experimental procedures were reviewed and approved by the Queen’s 

University Human Research Ethics Board and the Children’s Aid Society of Toronto 

(CAST) Research Ethics Board. Informed consent was obtained from the child’s legal 

guardian or parent prior to study participation. Children between the ages of 10-78 

months old (36.4 ± 18.2 months; 21 males) were recruited for participation in the study. 

Children with confirmed prenatal alcohol exposure were recruited from CAST using the 

Child Protection Information Network (CPIN) and included if they had a confirmation of 

alcohol exposure by self-report of the mother, or close family member or professional 

who witnessed the prenatal alcohol exposure. Typically developing community controls 

were recruited from the Greater Toronto Area and Kingston, Ontario and were excluded 

if a pre-existing neurological or psychiatric disorder was reported by the parent or 

primary caregiver.  Exclusion criteria for all children included visual disorders other than 

requiring corrective lenses, which could be worn throughout the study as necessary. 

Parents or legal guardians were requested to provide information regarding the child such 

as medical history, medication, family history, ethnicity, as well as several demographic 

variables. These participant characteristics are summarized in Table #4.1. Study data 

were entered into the electronic data capture tool REDCap (Harris et al., 2009). Eye 

tracking was completed over a single session lasting approximately 30 minutes. 

Participants were given $10 in gift certificates for their participation, and provided with a 
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snack and beverage. Participants were given breaks whenever necessary throughout the 

session.  

3.2 Ages and Stages Questionnaire (ASQ) data collection 

ASQ data were collected with the primary caregiver(s) over a single visit or 

several separate visits. Whenever possible, ASQ’s were collected on the day of the eye 

tracking session by the same examiner (CP). Alternatively, ASQ’s were completed within 

a few weeks of eye tracking participation. ASQ data not collected the same day as the eye 

tracking session were collected by child welfare staff who had completed a standardized 

training session on developmental screening of children involved with child welfare. 

ASQ data were collected from all participants but one as this participant moved onto 

adoption before the data could be collected. Two questionnaires (ASQ Version 3 (ASQ-

3) & ASQ Socio-Emotional (ASQ:SE)) were administered separately and scored by the 

administrator. Children must have been with their primary caregiver for more than one 

month in order to complete the questionnaire and participate in the study.  

3.3 Experimental Setup: Free-viewing eye movement recording 

Saccadic eye movement data were collected using the Eyelink 1000 (SR 

Research, Mississauga) eye tracking system, a remote/head free portable eye tracker. 

Participants were seated comfortably either alone or in their caregivers lap in a darkened, 

quiet room 55-65 cm away from a 17” LCD monitor with an infrared eye tracking camera 

mounted below (Figure 3.1).  This resulted in a viewing angle of approximately 31.5 

degrees wide and 25.2 degrees high.  Eye movement data were collected at a sampling 

rate of 500 Hz. To assist the eye tracker in locating the participant’s pupil, a small target  
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Figure 3:1 – Experimental setup 

 

sticker was placed on the participant’s forehead.  In order to engage the infant during 

experimental setup (i.e., ideal placement of the monitor, focusing the camera, etc), a 

cartoon was played on the display monitor. For all but one participant, the right eye was 

tracked. For one participant, the left eye was used as the eye tracker was unable to 

successfully and accurately track the right eye. When camera setup was complete, a 

calibration and validation process was carried out. Due to the young age of participants, a 

three-point calibration protocol in which stimuli were presented in the top middle, bottom 

left, and bottom right portion of the screen was used. The calibration stimuli were videos 

of a cartoon character that was 2 degrees in size accompanied by a sound orientation of a 

familiar cartoon voice to direct the child’s attention to the screen. The calibration 
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protocol was then followed by validation in which the same stimuli were presented in the 

same locations with sound orientation.  An average error of 0.5 degrees or less was 

required for successful calibration and validation.  When calibration and validation were 

successful, the free-viewing video clips began playing. Re-calibration and validation was 

completed as needed if the participant took a break, or moved in between video clips.   

3.4 Experimental Paradigm 

The child’s parent/caregiver was instructed to keep the child as calm and still as 

possible including pointing to the screen when the infant became distracted or talking to 

the child about the clips. The stimuli consisted of blocks of short (2-4 seconds each) high 

definition video clips of visual scenes with the content of each clip being semantically 

unrelated to the previous scene. There were a variety of different clipets used but each 

generally consisted of either cartoons, or natural viewing scenes (faces of people 

speaking, scenes from an office, footage of moving objects like cars and trains, nature 

scenes including animal clips and landscape clips, and cartoons). Videos were filmed in 

Kingston, Ontario, and in Toronto, Ontario, or were taken from various films and 

television. These blocks played without sound, with each block lasting 60-64 seconds 

(Tseng et al., 2013). The video clips were kept short to minimize predictability and to 

keep participants from losing interest. Participants viewed 7-16 minutes of visual stimuli 

depending on attention span. Sound reorientation was used to direct the infant’s attention 

back to the screen if they became distracted or lost interest in the video clips.  The 

experiment was concluded when the infant was no longer able to proceed or enough high 

quality data were acquired. A minimum of 6 minutes of usable free-viewing stimuli were 

needed for inclusion in the study analysis.   
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3.5 Eye Movement Data Analysis 

Naturalistic viewing patterns were acquired and saccades and fixations were 

quantified. Data were analyzed using custom software developed in MATLAB (Version 

R2015a; Mathworks, Natick, Massachusetts). Oculomotor-based features were analyzed 

to determine differences in motor control of attention and gaze.  

Data meeting the inclusion requirements (see 3.3) were first cleaned by removing 

blinks and lost eye tracking.  Data were artificially filled in for these moments using a 

custom algorithm that used the first changes in pupil size before and after the blink as 

markers. Saccades were not included in analysis if a blink was involved.  Saccades were 

characterized using a simple threshold algorithm. Instantaneous speed was first calculated 

for each sample point using a 3-point sliding window.  A baseline speed during fixation 

was defined as the average speed during times when the instantaneous speed was less 

than 50°/s.  Saccades were then defined as any eye movement in which the instantaneous 

speed was at least two standard deviations above the baseline speed for at least 5 sample 

points.   Fixations were then defined as the periods between two saccades. 

Data from a clip was excluded if not enough viable eye tracking was acquired.  

Viability was defined per clip as, at least 20 saccades, less than 70% of blinks or other 

lost eye tracking, eye speed of less than 40°/s during fixation (a measure of overall 

noise), and the center of mass of eye data had to be less than 7° from the center of the 

screen (indicating possibly a large drift in the eye tracking data due to extreme head 

movements).  These are very conservative measures designed to exclude only 

exceptionally poor trials. 
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Saccades were characterized by their metrics, including peak velocity (degrees/s), 

amplitude (degrees in visual angle), and duration (ms). Fixations were characterized by 

duration (ms).  All data was visually inspected as well for viability.  The main sequence 

for each participant was calculated, verifying the expected relationship between saccade 

velocity and amplitude. 

3.6 Statistical Analysis 

All data were analyzed using GraphPad Prism Version 7. Data were first exported from 

MATLAB to Excel, and then raw data values were entered into Prism. Where 

appropriate, unpaired Students t-test, two-way analysis of variance (ANOVA), or Pearson 

correlation coefficients were used to analyze the data.   
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Chapter 4 

Results 

4.1 Participant Demographics 

Characteristics of the study population are shown in Tables 4.1 and 4.2. The mean 

age and male: female ratios were not different between children in the PAE group 

compared with typically developing controls.  Whereas children in the control group 

were primarily Caucasian, children in the PAE group represented a more diverse range of 

ethnicities. Both groups were primarily Canadian by birth, with only one PAE participant 

characterized as Canadian by naturalization. Most of the children in the PAE group had a 

history of both drug and alcohol exposure, and those in foster care had most frequently 

experienced multiple placements as compared to participants who were adopted or living 

with their biological parent(s). The majority of the PAE group had spent between 1 and 3 

years in care.  

Table 4-1 - Demographic Characteristics 

Demographics:  Control (n=21) PAE (n=21) 

Mean age ± SD (months)  39 ± 19.4  35± 16.8   

Males n (%)  12 (57) 11 (56) 

Ethnicity:    

Caucasian n  20 10 

Black n  1 6 

Other n  0 5 

Citizenship:    

Canadian by birth  21 20 

Canadian by naturalization  0 1 
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Table 4-2 Demographics Characteristics 

Demographics:  PAE (n=21)  

Current caregiver:    

Biological   2  

Adoptive   2  

Foster   17  

Substance Use:    

Alcohol only  5  

Drugs* & Alcohol  16  

Comorbidities:    

ADHD  1  

GDD  1  

Time spent in care:    

<1 year  4  

1-3 years  15  

3-5 years  1  

Number of placements:    

0  2  

1-2  13  

3-5  6  

 

*Drugs included crack-cocaine, cocaine, crystal met, heroin, abuse of prescription drugs 

(hydromorophine), marijuana, or any combination of the above 
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4.2 ASQ-3 and ASQ-SE  

Data from the ASQ-3 and ASQ-SE evaluations for children in the PAE group are 

shown in Table 4.3. Interestingly, many children in the PAE group were rated as meeting 

developmental milestones appropriate to their ages. However, children in the PAE group 

who were rated as “at risk” for developmental delay or who had marginal test scores in 

the concerning range tended to score poorly across several domains of function, 

suggesting that PAE has variable and diverse effects on infant development in the most 

affected children.  

Table 4-3 ASQ-3 and ASQ-SE Data. 

Participant 

# 

Communication Gross 

Motor 

Fine 

Motor 

Problem 

Solving 

Personal 

Social 

Social 

Emotional 

T-0006 45 40 45 45 60 20 

T-0015 60 60 55 55 60 0 

T-0016 40 40 40 45 45 10 

T-0017 60 45 45 45 45 25 

T-0018 25 5 10 10 10 260 

T-0022 50 55 45 50 40 35 

T-0024 60 55 60 60 60 15 

T-0025 60 50 60 60 55 65 

T-0030 60 60 60 60 60 40 

T-0037 45 60 60 42 60 25 

T-0039 35 60 40 20 35 100 

T-0040 45 55 20 30 50 60 

T-0043 20 60 0 25 40 45 

T-0045 35 42 60 50 50 35 

T-0047 50 20 50 35 55 5 

T-0051 55 60 30 55 30 10 

T-0056 20 55 55 55 40 25 

T-0057 10 20 0 40 20 70 

T-0060 60 60 35 55 60 20 

T-0077 45 55 60 55 45 180 
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Numbers in bold represent scores that demonstrate a child is at risk for developmental 

delays. Numbers in italics represent scores that demonstrate a child falls in the 

“monitoring zone" and may need further assessment. Highlighted participants represent 

those with ASQ data who were unable to complete eye tracking. 

 

4.3 Eye Movement Measures: Developmental Effects 

A developmental effect of age was found in the control participants for three out 

of the five saccadic measures. There was a significant positive correlation between age 

and the mean saccade amplitude in the control group (Figure 4.1 A, Table 4.4). In 

contrast, there was no apparent relationship between age and the mean saccade velocity 

or duration in the control group (Figure 4.1 B & Figure 4.1 C, Table 4.4). A significant 

negative correlation was found between participant age and the mean fixation duration 

for typically developing controls (Figure 4.2 A, Table 4.4). Finally, a significant positive 

correlation was found between age and the mean number of saccades per movie clip for 

the control group (Figure 4.2 B, Table 4.4).  

Developmental effects of age were also found with the PAE group, but in only 

two out of the five saccadic measures examined. In contrast with the control group, the 

positive correlation between participant age and the mean saccade amplitude was absent 

in the PAE group (Figure 4.1 A, Table 4.4). Similar to the controls, no correlation was 

found between participant age and the mean saccade velocity and duration (Figure 4.1 B, 

& Figure 4.1 C, Table 4.4). The negative correlation between age and the mean fixation 

duration, and the positive correlation between age and the mean number of saccades per 

movie remained consistent in the PAE group (Figure 4.2 D, & Figure 4.2 E, Table 4.4).  

 



 

39 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:1-The correlation between amplitude (A), velocity (B), fixation duration (C), 

and number of saccades per movie clip (D) is shown for control (n=21) and PAE (n=16) 

groups. 
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Figure 4:2 -The correlation between fixation duration (D) and the number of saccades 

per movie (E) is shown in the above figures. A statistically significant effect of age is 

seen for both the PAE group and typically developing controls. 
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Table 4.4: Correlational Analyses  

Measure Control PAE 

 Pearson r p-value Pearson r p-value 

Amplitude 0.5759 0.0063 0.3438 0.1923 

Velocity 0.378 0.0911 0.3529 0.1801 

Saccade Duration 0.2221 0.3332 -0.0421 0.8770 

Fixation Duration -0.6605 0.0011 -0.5303 0.0346 

# Saccades/Movie 0.6994 0.0004 0.7843 0.0003 

 

 

Figure 4:3 The main sequence was preserved in both the PAE and control groups. 
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4.4 Group Effects 

After determining that there was an effect of age in the saccadic measures, group 

differences were explored. Only one out of the five saccadic measures showed significant 

group differences (Figure 4.3 A). A t-test revealed significant group differences between 

PAE and control for the mean saccade amplitude (p=0.016). There were no group 

differences between PAE and control for the mean saccade velocity (Fig. 4.4 B, 

p=0.162), duration (Fig. 4.4 C, p=0.867), fixation duration (Fig. 4.4 D, p=0.556), or 

number of saccades per movie clip (Fig. 4.4 E, p=0.393).   

To determine what underlies the differences in the developmental and group 

effects in mean saccade amplitude, the saccades for each individual participant were 

subdivided into four bins (2-5º, 5-10º, 10-15º, and >15º). Saccades that were less than 2º 

were classified as microsaccades and not included in this analysis. Typically, 

microsaccades are defined as less than 1 degree (Martinez-Conde et al., 2004), but for the 

purpose of this study, microsaccades were defined as less than 2 degrees due to the 

monocular, head-free set up and the age of participants. Furthermore, participants were 

completing a free viewing task, and the purpose of this study was to examine voluntary 

macro-saccades, and therefore the 2-degree limit was set to capture voluntary saccades. 

 The number of saccades in each amplitude bin was divided by the total number 

of saccades for that participant, and expressed as a percentage of the total number of 

saccades. These data were then subjected to 2-way ANOVA with the percentage of 

saccades in each amplitude bin as the within-subject variable and group (PAE or control) 

as the between-subjects variable.   A significant main effect of saccade amplitude (F(3, 

140)= 706.9, p<0.0001), and an interaction (F(3, 140) = 6.102, p=0.0006) between group  
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Figure 4:4 - Group differences were observed in amplitude (A) *p=0.016, but were absent 

in velocity (B), saccade duration (C), fixation duration (D), and number of saccades per 

movie (E). 
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and saccade amplitude were found (Fig 4.5). Sidaks test for multiple comparisons 

revealed that the interaction was driven by the fact that children with PAE made a 

significantly greater percentage of saccades in the 2-5 degree range (adjusted p=0.0036) 

compared with controls. Interestingly, the percentage of saccades in the 10-15 degree 

range trended toward significance (adjusted p=0.0575), but the percentage of saccades in 

the 5-10 and >15 degree ranges were not significantly different between groups (adjusted 

p>0.999, p=0.8859 respectively). 

To further explore potential differences between groups, three measures of the 

quality of eye tracking were analyzed.  The number of movies participants completed as 

well as the percentage of saccades of a given amplitude that were “lost” either by blinks, 

or participants looking away were calculated as well as the percentage of lost eye 

tracking in any given movie clip.  There were no significant group differences in the 

fraction of saccades lost due to blinks or other causes (p=0.66). However, the children 

with PAE completed significantly fewer movie clips (p=0.043) (Fig. 4.6 A). In addition, 

the % of movie clips with lost eye tracking was significantly greater in the PAE group 

compared with controls (p=0.016) (Fig. 4.6 B). 

A high attrition rate was present in the eye tracking data of the PAE group (5 out 

of 21 participants, Table 4.3). These children were either unable to complete the free 

viewing task altogether due to difficulties attending to the task, or difficulties 

transitioning into the free viewing task from the calibration/validation process, or they 

had to be removed from the results because they did not meet the cutoff threshold of 

viable eye tracking data. Their information is included in the ASQ data and can be found 

in Table 4.3.  
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Figure 4:5 - Amplitude was further separated into the above bins to determine if there was 

a driving factor in the amplitude finding. The 2-5 degree amplitude showed significant 

group differences, and the 10-15 degree amplitude was trending towards significance. 

There was no significant difference between groups in the 5-10 and >15 degree amplitude 

bins. 
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Figure 4:6 – The number of movie clips completed (A) and percent of lost eye tracking 

(B) was statistically different in PAE and TD control participants.  
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Chapter 5 

Discussion 

5.1 General Findings 

The aim of the current study was to determine if the oculomotor eye movements 

of children with a history of PAE differed from typically developing age-matched 

controls. This study found developmental differences as well as group differences 

between infants and young children with a history of PAE and typically developing 

controls. The infants with PAE displayed significantly lower amplitude, watched fewer 

clips overall, and had a greater percentage of lost eye tracking than their TD counterparts. 

Furthermore, to determine what was driving the group differences, amplitude was broken 

down into degree bins; infants with PAE had a significantly higher percentage of 

saccades in the 2-5 degree range, and a corresponding reduction in higher amplitude 

saccades, as compared to typically developing participants.  

Developmental differences were also found in both the PAE and control infants 

and young children. The main sequence (amplitude and velocity relationship) was 

preserved in both groups, yet there was a statistically significant increase in saccade 

amplitude as the control children aged that was absent in the PAE group. A 

developmental effect of age was also found in fixation duration and number of saccades 

per movie. Both PAE and TD controls had significantly lower fixation duration, and 

higher number of saccades per movie, as age increased. 

The present study was novel in that it helped to demonstrate the usefulness of eye 

tracking as a potential screening tool for infants with a history of PAE and young 
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children involved with the child welfare system. While there have been a number of 

recent efforts to determine if eye movements are an appropriate screening tool for an 

FASD population (Paolozza, Titman, Brien, Munoz, & Reynolds 2013; Paolozza, 

Rasmussen, Pei, Hanlon-Dearman, Nikkel, Andrew, McFarlane, Samdup, & Reynolds 

2014a). few have used infants and young children as their target study population. Early 

identification of potential brain dysfunction related to PAE is of critical importance so 

that intervention can be targeted at a time when the brain is at its most plastic. 

5.1.1 Developmental Effects in Eye Movement Control  

 

Determining if children with FASD demonstrate a unique neurocognitive profile 

has received considerable attention over the last few decades. The aim of this study was 

to determine if the eye movement behaviours of infants and young children with a history 

of PAE differ from typically developing controls. In order to do this, we first needed to 

determine if there were developmental effects in the eye movement control of the TD 

participants versus the PAE participants. The present study focussed on determining if 

there was a developmental effect on oculomotor eye movements such as amplitude, 

velocity, and saccade duration that changed with age. 

Similar to the fixation duration findings, Helo et al (2016) saw a developmental 

effect in the infants who participated in their free viewing experiment. In their study, 170 

infants between the ages of 3 months and 12 months completed eye tracking using the 

Eyelink 1000 to determine whether eye movement patterns change from 3 to 12 months 

of age during a scene exploration task. Halo and colleagues found that fixation duration 

decreased as infants got older. This is consistent with a finding from their previous 2014 
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study in which they discovered that fixation duration decreased by age from 2-10 years of 

age. Interestingly, there was an opposite finding in the amplitude relationship from the 

findings of this study. Helo et al., (2016) found a decrease in amplitude between 6-month 

old and 9-month old infants and 12-month old infants. One of the limitations of this study 

was that participants only watched one minute of free viewing videos, and a paired t-test 

showed that saccade amplitudes were significantly longer during the late than the early 

phase of the video clips in 12-month olds, but not in other age groups or adults. This was 

not a limitation noted in the current study as participants in this study completed between 

6 and 18 minutes of free viewing.  

The present study also found a statistically significant relationship between age 

and fixation duration as well as age and number of saccades per movie. Both the PAE 

participants and TD controls demonstrated decreased fixation duration and increased 

number of overall saccades per movie with age. We hypothesize that the reason for this is 

that eye movements become more sophisticated with age, therefore, the older study 

participants did not need to spend as much time fixating on any particular item in a scene 

and were better able to explore each clipet, therefore, the number of saccades per movie 

increased with age. This finding is consistent with the research on eye tracking in infants 

and young children (Alahyne et al., 2016; Luna, Velanova & Geier, 2008).  

It is important to note that the age-related differences observed in this study must 

be interpreted with caution because the present study was not longitudinal. Therefore, the 

older children may have demonstrated lower scaled scores throughout their lives than the 

younger children perhaps due to their level of exposure to alcohol, and differences in 

adverse childhood experiences. Nevertheless, the developmental findings in the present 
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study point to the necessity for more longitudinal research on the development of eye 

movement behaviours in infants and young children with a history of PAE.  

5.1.2 Group Effects in Eye Movement Control 

The present study did find that there were some group effects in the eye 

movement control of PAE participants and their age-matched TD controls. While the 

amplitude and velocity relationship of the two groups was not significantly different (Fig. 

4.2), there were significant differences in the mean saccade amplitude, the number of 

movie clips completed, and the percentage of lost eye tracking. The natural viewing 

stimuli (free viewing clips) offered a way to move beyond the restrictive experimental 

settings and probe the visual system with greater ecological validity (Roberts, Wallis & 

Breakspear, 2013). It was also essential in working with infants and young children 

whose attention is difficult to capture in experimental settings.  

The present study found that there was a developmental effect on the amplitude 

findings in the control group that was absent in the PAE group. Additional studies with a 

larger group of participants will be needed to understand much more about the eye 

movement behaviours between groups that might provide rationale for this finding. The 

present study also found that there was a statistically significant difference in the overall 

amplitude of the two groups. Overall, the PAE group had lower amplitude (in degrees) 

than their controls. Interestingly, previous studies in older children 5-18 years of age have 

similarly found significant differences in the mean saccade amplitude of children 

diagnosed with FASD from typically developing controls during the performance of a 

structured prosaccade task (Paolozza et al., 2015).   



 

51 

 

 To further understand the nature of the group differences in mean saccade 

amplitude, the amplitude was further broken down into bins (Figure 4.8). For the present 

study, it was important to further investigate what was driving the amplitude findings. A 

number of research studies have attempted to determine differences in smaller amplitude 

versus longer saccades, and have found that saccades of small amplitudes are far more 

numerous than long saccades (Follet et al., 2011; Unema et al., 2005). In the current 

study, it was determined that the PAE group had a significantly greater percentage of 

saccades in the 2-5 degree amplitude bin when compared to their controls. Additionally, 

the percentage of saccades in the 10-15 degree range was trending towards significance, 

but there was no significant difference between groups in the 5-10 and >15 degree 

ranges. A larger sample size would be helpful in determining if these differences persist, 

however it is observed in the present study that the PAE group showed greater variability 

in their eye movement behaviours than their age-matched controls, which may be 

because of the variation in their environmental circumstances.  

The present study also sought to understand group differences other oculomotor 

eye movements such as velocity, saccade duration, fixation duration, and number of 

saccades per movie. While we did not observe significant differences between groups for 

any of these variables, further research and a larger sample size would be helpful in 

determining if this pattern persists. Differences in reflexive eye tracking have been 

observed in a number of neurodevelopmental disorders (Sweeney et al., 2004), including 

FASD (Green et al., 2009). In their study, Green and colleagues (2009) found that 

children with FASD showed longer reaction times during a prosaccade task, suggesting 

that there was difficulty with the initiation of responses in children and adolescence with 
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FASD. Evidence from behavioural studies has demonstrated that children and 

adolescence with FASD are slower at the processing of sensory data. The current study 

found a statistically significant group difference in the number of movie clips completed 

and the percentage of lost eye tracking. TD controls completed more movie clips, and had 

a lower percentage of lost eye tracking than the PAE group. This may point to 

oculomotor deficits including weakened bottom-up guidance, and decreased top-down 

attentional control (Carr, Agnihotri & Keightley, 2010; Kalberg et al., 2006).  

5.1.3 Results from ASQ-3 and ASQ-SE  

Data from the ASQ-3 and ASQ:SE demonstrated that many PAE participants in 

the present study were rated as meeting developmental milestones for their ages however 

the children who were rated as “at risk” for delay tended to score poorly across several 

developmental domains of function. Research has consistently demonstrated the infants 

and young children with a history of PAE may exhibit a number of cognitive, 

behavioural, and motor deficits. The ASQ-3 is a developmental screening tool which 

encompasses several domains of development including communication, gross motor, 

fine motor, problem solving, and personal social. Interestingly, the participants included 

in this study did not demonstrate significant risk for delay in the areas of fine and gross 

motor development. Comparatively, in their study on motor deficits, Karlberg and 

colleagues (2006), found that most young children with a diagnosis of FAS showed 

clinically important delays in their motor development, with fine motor skills being 

significantly more delayed than their gross motor skills. The results of this study 

highlight the importance of developmental evaluations that include assessment of both 
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fine and gross motor functioning so that developmental intervention can be targeted to 

the areas in which a child is most at-risk. 

 The ASQ:SE is a developmental screening tool that looks specifically at the social 

emotional functioning of children aged 2 months to 5 and a half years. The present study 

determined that some children with a history of PAE had concerning scores on the 

ASQ:SE. There were also infants and young children who were already screening at risk 

for delays in the areas of problem solving, communication, and personal social, which is 

consistent with research findings that demonstrate delays in executive functioning, and 

social skill impairments. Two such studies are that of Rasmussen & Bisanz (2008), and 

Schonfeld et al., (2007). Schonfeld and colleagues investigated adverse sequelae of PAE 

including executive functioning and social skill deficits in 6-11-year old children, and 

found no differences among children with a diagnosis of FAS, ARND, or p-FAS. In their 

conclusion, the researchers state that executive functioning should be considered in 

designating social skills interventions for children with a history of PAE regardless of 

meeting the criteria for a diagnosis of FAS (Schonfeld et al., 2007).  

Understanding age-related differences in the pattern of executive functioning 

deficits has strong implications for both diagnosis and remediation. In their study, 

Rasmussen and Bisanz (2008), investigated age related differences in executive 

functioning skills of a group of children aged 8-16. Interestingly, this study found that 

deficits in the areas of verbal fluency, verbal inhibition, and switching were more 

pronounced in older children with FASD, suggesting that specific verbal executive 

functioning skills may be especially difficult for older children with FASD (Rasmussen 

& Bisanz, 2008). The above two studies and many others have demonstrated that children 
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with FASD have difficulty on many components of executive functioning including 

cognitive mental flexibility, inhibition, and memory. The results of the ASQ scores in the 

present study indicate that for some children, these deficits are pronounced even in the 

earliest years, and thus intervention should be provided early and generously in the areas 

in which a child is screening at risk for developmental delay.   

5.2 Clinical Relevance  

The results of the above study point to important clinical implications. One of the 

primary goals of this thesis was to investigate if free viewing eye movements are a viable 

option in the screening and early identification of FASD. This is critical because FASD is 

a heterogeneous group of disorders that currently has no standardized screening 

technology in Canada (Chudley, Conry, Cook, Loock, Rosales & LeBlanc, 2005). As 

previously stated, an FASD diagnosis requires a large time commitment and the 

involvement of a number of different medical professionals, contributing to high costs. 

Furthermore, early screening can be especially beneficial for infants and young children 

who are at heightened risk due to a history of PAE and involvement in the child welfare 

system. This screening can determine which young children would most benefit from 

further assessment, and early intervention. Therefore, there is incredible potential to 

reduce the socioeconomic burden of FASD in Canada through efficient and effective 

screening for diagnosis.  

5.3 Limitations 

There are certain limitations of the current study that must be acknowledged. 

First, only 16 participants with PAE, and 21 TD controls were included in the eye 

tracking analysis. Additionally, only 21 PAE participants were included in the ASQ data 
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analysis. Ideally, a much larger study population would be needed to effectively 

determine if free viewing eye movements are an appropriate screening tool for FASD. 

While the PAE group and TD controls were matched for gender, and the average age was 

similar between groups, there were a number of demographic variables that were not 

matched between groups including ethnicity, living arrangements and socioeconomic 

status. The PAE population consisted of 10 Caucasian participants, and 11 of varying 

ethnicities, whereas the control population consists of 20 Caucasian participants. The 

socioeconomic status was also significantly lower in the PAE group compared to the 

control group. Finally, the living arrangements of the two groups were not well matched. 

The PAE group consisted of infants and young children who were living with a foster 

caregiver for the most part. Comparatively, all of the TD controls lived with their 

biological parent. These demographic variables would ideally be addressed in future 

studies. It is important to note, however, that given the nature and complexity of FASD, it 

would be nearly impossible to match participants on all potentially important variables.  

There was also a higher population of infants and young children from the PAE 

group who experienced early life adversity as compared to the TD controls. As 

mentioned above, many infants and young children involved with the child welfare 

system experience a number of adverse early childhood experiences such as physical 

abuse, neglect, exposure to domestic violence, or caregiver with a problem [defined in the 

eligibility spectrum as above the intervention line when said caregiver is unable to care 

for their child, or caregiver has problem causing risk that the child is likely to be harmed 

(Ontario Child Welfare Eligibility Spectrum, 2016)]. This can lead to an increased stress 

response as well as a number of early mental health difficulties (Fisher et al. 2012; 
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Rasmussen et al. 2008). The control group was but less likely to experience the same 

early adverse experiences. It is important to note that we are not able to conclude that the 

deficits found in the current study are entirely due to PAE as the adverse early childhood 

experiences for the children involved with CAST may also be a contributing factor. 

Future studies should attempt to include children who have involvement with the child 

welfare system who have not been exposed to alcohol prenatally as another set of 

controls. The current study attempted to include this third groups but the population of 

this group was so heterogeneous that it became difficult to use them as a comparative 

group.   

 Another limitation of the above study was unknown information about maternal 

substance abuse. While a confirmation of alcohol use by self-report of the mother, or 

close family member or professional who witnessed the prenatal alcohol exposure was 

needed for inclusion in this study, many infants were exposed to both drugs and alcohol 

in utero (n=12). It is difficult to determine which deficits may be due to prenatal exposure 

to drugs, and which deficits are due to alcohol exposure. Information about maternal 

alcohol consumption was gathered when possible by the family’s primary worker, 

however, since alcohol consumption is often underreported in mothers involved with the 

child welfare system (Aese, 1994; Lange et al., 2014; Benz, Rasmussen & Andrew, 

2009), it was difficult to distinguish where the group differences were due to exposure to 

alcohol alone, or drugs and alcohol. A recent study by Putnam-Hornstein and colleagues 

(2016), determined that among all infants neonatally reported to Child Protective 

Services (CPS) in California, 40.6% had been diagnosed with substance exposure at 

birth. In this study, however, the reporting ranged from only 36.1% of infants diagnosed 
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with alcohol exposure to 72.1% of infants with cocaine exposure (Putnam-Hornstein at 

al., 2016), highlighting the large variation in substance abuse among the child welfare 

population, and thus the difficulty in determining the impact of said substances in the 

context of research.  

 Finally, there was a potential selection bias in the PAE group as only the 

participants who were able to complete the free viewing task were included in the eye 

tracking data analysis, indicating that it may have been only the highest functioning 

participants who were able to complete the task. There was a high attrition rate in the 

PAE group, as a number of participants were unable to complete the task altogether, or 

their data needed to be removed due to it no longer meeting the threshold criteria. These 

children often experienced a lot of difficulty sitting with their caregiver, remaining 

focussed on the task, or had trouble transitioning into the task from the 

calibration/validation process. Inclusion of these participants may have provided valuable 

information regarding their brain functioning.  

5.4 Future Directions 

1. Investigation of this modified free viewing eye movement task with a larger 

sample size would ensure confirmation of the observed deficits in the PAE 

population.  

2. Investigation of this modified free-viewing eye movement task with a sample size 

that includes at-risk infants and young children involved with child welfare 

without a history of PAE would ensure the deficits we are currently seeing in the 

clinical population are due to prenatal alcohol exposure, rather than other adverse 

early experiences. 
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3. Long-term investigation of the deficits involved with the above clinical 

population to determine if those participants with a history of PAE go on to 

receive a diagnosis of FASD to determine the feasibility of eye tracking as a 

potential screening tool for infants and young children.  

4. Use of a portable eye tracking device amongst at-risk populations to assist in 

further isolating the neurophysiological correlates of specific executive functions. 

For example, a free viewing task could be implemented to determine if there is a 

specific pattern of eye movement behaviours which are associated with PAE or 

other neurodevelopmental disorders such as ADHD or ASD.  
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Chapter 6 

6.1 Summary and Conclusions 

 This thesis tested the following general hypotheses: 

1. The ASQ tools will identify specific patterns of developmental delay in 

infants and young children who have a history of prenatal alcohol exposure 

2. The pattern of eye movement behaviours obtained from watching 10 minutes 

of video can be used to differentiate young children (1-6 years old) with a 

history of prenatal alcohol exposure from age-matched children with no or 

minimal prenatal alcohol exposure.   

 

Compared to a typically developing control group, infants and young children 

with PAE demonstrated overall differences in amplitude during the free viewing 

task. Furthermore, infants and young children with a history of PAE completed 

fewer movie clips, and had a significantly greater percentage of lost eye tracking 

suggesting less attention to the overall task as compared to typically developing 

controls. The free viewing task was effective in capturing the attention of even the 

youngest participant, under a year of age, and would therefore be appropriate for a 

population that has not typically been subject to research in the FASD field 

before. Oculomotor studies provide a unique neuroscientific approach to making 

precise associations between cognitive control and brain circuitry during specific 

developmental periods that can provide insight into impaired systems in 

psychopathology. 
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Future studies should consider employment of eye tracking as a means to 

identify at-risk infants and young children who might benefit from a more 

fulsome assessment. These at-risk populations would benefit from early 

identification and more importantly early and generous intervention. The use of 

eye tracking as a means of identification in a variety of other at-risk populations 

in different settings should be further explored 
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- Consent Form Appendix A

CONSENT FORM 

 

You and your child are being asked to participate in the NeuroDevNet research project, with the 

goal of studying typical infant, childhood and adolescent development, and understanding the 

changes that may occur due to brain injury.  The project leaders are Dr. James Reynolds (Queen’s 

University)and Dr. Joanne Weinberg (University of British Columbia).  The aim of this work is to 

implement a screening and intervention study for infants and young children (age to 5 years) in 

the foster care system Over one day (1.5 hours total), you and your child will be asked to perform 

the following: 

 

 Complete saccadic eye movement tests that measure how subjects move their eyes to 

explore the visual environment (~30 minutes) 

 Complete an Ages and Stages Questionnaire-3 (ASQ-3), and an Ages and Stages 

Questionnaire: Social Emotional (ASQ:SE) developmental screen to determine your 

child’s developmental status (~1 hour) 

 

In addition, to ensure that we have complete data sets from each participant, we are seeking 

consent to access to medical and psychological assessment records that were obtained via 

treatment centers, social workers, schools or private psychologists/neuropsychologists.  When 

applicable, we would also like to obtain copies of any assessments from occupational therapists, 

physiotherapists and/or speech therapists.   

   

Please note, you can refuse to participate in any of the outlined experiments and you can 

terminate your involvement at any time.  There are no risks involved in participating in this study 

and no direct benefits; however, your participation will improve our understanding of the changes 

that occur during typical development and, how these changes are affected by brain injury.   

 

All information obtained during the course of this study is strictly confidential and your 

anonymity will be protected.  All hard copy data files associated with a subject’s name will be 

locked and access restricted to the aforementioned project leaders and their respective graduate 

students.  Electronic data files will be encrypted in an anonymous database. In any publication of 

this work, average data sets will be used or if individual data sets are presented, subjects will be 

referred to by an arbitrary number. 

 

 

Saccadic Eye Movements 

Saccadic eye movements are measured using video-based eye tracking equipment.  You and your 

child will be seated comfortably in front of a monitor and a small sticker will be placed on your 

child’s forehead.  The camera is located within the screen and will use the position of the sticker 

to help locate and follow eye movements as subjects watch short video clips or small dots that 
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move around the screen.  This is a non-invasive technique for recording eye movements and 

should produce no discomfort.   

 

Ages and Stages Questionnaire -3 (ASQ-3) and Ages and Stages Questionnaire: Social 

Emotional 

The Ages and Stages Questionnaires are a highly validated and reliable parent completed 

developmental and social emotional screener. The ASQ-3 is a developmental screening tool used 

to identify children between the ages of 2 months and 5.5 years who may be at risk for 

developmental delays in five major domains. These domains are communication, gross motor, 

fine motor, problem solving, and personal social. The ASQ:SE looks at the social emotional 

competence of children 3 months – 5.5 years. The ASQ-3 is made up of 6 questions in each 

domain, for a total of 30 questions overall. The ASQ:SE is made up of between 25-32 questions. 

Completion of both questionnaires should take no longer than an hour.  

 

You may retain a copy of the consent form.  Please feel free to consult Dr. James 

Reynolds (jnr@queensu.ca; 613-533-6946) or his research associate Sue Kobus 

(smk1@queensu.ca; 613-533-3175), at any time to discuss these procedures, or any other 

questions which may arise.  This study has received ethical approval from the Queen’s 

University Health Sciences and Affiliated Teaching Hospitals Research Ethics Board.  If 

you have questions regarding your rights as a research subject please contact the chair, 

Dr. Albert Clark at 613-533-6081.  

 

 

 

mailto:jnr@queensu.ca
mailto:smk1@queensu.ca
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SUBJECT NAME: 

 

I have read and understand the fact sheet describing this study.  I have had the purposes, 

procedures and technical language of this study explained to me. I have been given sufficient time 

to consider the above information and to seek advice if I chose to do so.  I have had the 

opportunity to ask questions which have been answered to my satisfaction.  I am voluntarily 

signing this form. I understand that I may withdraw my consent to participate in this research 

project at any time. 

 

By signing this consent form, I am indicating that I agree to participate in this study. 

 

 

 

Signature of Subject         Date 

 

 

Signature of Parent or Legal Guardian if Subject is a minor    Date 

 

 

 

 

 

 

INVESTIGATOR: 

 

I, or one of my assistants, have carefully explained to the subject the nature of the above research 

study.  I certify that, to the best of my knowledge, the subject understands the nature of the study. 

 

 

Signature of Investigator        Date 

 

 

Signature of Witness         Date 
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 – Assent Form Appendix B

 

ASSENT FORM 

 

We want to tell you about a study that looks at how children grow up.  The project leaders are Dr. 

James Reynolds and Dr. Joanne Weinberg.  We want to see if you would like to be in this study.  

This form tells you about the study.  If there is anything you do not understand, please ask your 

parent, your guardian or the study staff.  

 

We want to see how the brain changes as children grow up and what goes wrong when there is 

brain damage.  We also want to see if we can measure these changes using by playing some fun 

games, and watching how your eyes move. 

 

If you want to be in the study it should take approximately 1.5 hours over 1 day.  These things 

will happen: 

 

 You will play some fun games with your caregiver and answer some questions to see 

how your brain works (~1 hours). 

 Eye movements will be recorded as you watch dots or pictures on a computer screen.  A 

small sticker will be placed on your forehead so that the camera knows where your eyes 

are moving. 

 

You can ask questions at any time, now or later.  You can talk to the doctors, your family or 

someone else.  

 

Any information you give to the study staff will be kept private (or secret).  Your name will not 

be on any study paper and no one but the study staff and your family will know that it was you 

who was in the study.  The tests will not hurt and there are no risks with doing them. There are no 

direct benefits to you, but you will give us lots of great information about how the brain changes 

as kids grow up and what goes wrong when there is brain damage.   

 

You do not have to be in the study.  No one will be mad at you if you don’t want to do this.  If 

you don’t want to be in this study, just say so.  We will also ask your parents if they would like 

you to be in the study. Even if your parents want you to be in the study you can still say no. Even 

if you say yes now you can change your mind later. It’s up to you.  

 

Do you have any questions? 

 

What questions do you have?  
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Assent 

 

I want to take part in this study. I know I can change my mind at any time. 

 

 

_________________________ Verbal assent given   Yes        

Print name of child 

 

Written assent if the child chooses to sign the assent.  

 

______________________  __________  _______________ 

Signature of Child    Age   Date 

 

 

I confirm that I have explained the study to the participant to the extent compatible with 

the participants understanding, and that the participant has agreed to be in the study. 

 

 

___________________  _______________  ____________ 

Printed name of    Signature of   Date 

Person obtaining assent  Person obtaining assent 
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- Demographics Questionnaire Appendix C

 

Participant Information Form 
 

Study ID __________________________________ 

 

Eyelink ID __________________________________ 

 

Date of assessment (mm-dd-yy) __________________________________ 

 

Child History 
 

What is the child's date of birth (mm-dd-yyy)? __________________________________ 

 

Date of child’s admission to care __________________________________ 

 

Reason for child’s admission to care __________________________________ 

 

Number of placements to date __________________________________ 

 

Type of placements to date ____________________________________ 

 

Child Welfare status  

 No history of child welfare involvement 

 Child in Care 

 Child in the community 

 Child in kinship care 

 Other 

Please specify_________________________________________ 

 

Has participant experienced 

 Physical abuse 

 Sexual abuse 

 Emotional abuse 

 Neglect 

 

What was the child’s postal code prior to care? __________________________________ 

 

What is the child’s current postal code? __________________________________ 

 
1 

What is the child’s citizenship status?  

 Canadian by birth 

 Canadian by naturalization 

 Other 

Please specify __________________________________ 

 

Caregiver History 
 

What is the primary caregiver’s relationship to the child? 

 biological mother 

 biological father 
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 grandmother 

 grandfather 

 other biological relative 

 step mother 

 step father 

 foster mother 

 foster father 

 adoptive mother 

 adoptive father 

 other 

 did not disclose 

 

Please describe the community in which the child lives: 

 Rural 

 Town 

 City under 500,000 

 City over 500,000 

 

How many children currently live in the caregiver’s home (please include sex and age of each child)? 

__________________________________ 

__________________________________ 

 

How many adults currently live in the caregiver’s home? 

__________________________________ 

 
How many people live in the caregiver's household (including the participant)? -

__________________________________ 

 
Sex Gender 

 
What is the gender of the child?  

 Female 

 Male 

 Unknown 

 Unspecified 

(Note: Unspecified indicates that a medical differentiation of sex has not yet been made. Unknown 

indicates that the sex is not known or is missing) 

 

Prenatal Substance Use 

 
How would you characterize biological mom's prenatal substance use?  

 confirmed substance use 

 suspected substance misuse 

 no suspected substance misuse 

 confirmed no substance misuse 

 

Please describe:  

 Alcohol misuse 

 Drug misuse 

 Both drug and alcohol misuse 

 

If prenatal substance use was present please specify: 
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Type of drug ______________________________ 

Type of alcohol ____________________________ 

 

Handedness 
What is the hand preference of the child?  

 Left 

 Right 

 Ambidextrous 

 Unknown 

(Hand participant/participant uses predominately, not necessarily hand he/she writes with exclusively) 

 

Ethnicity 
 

What is the ethnicity of the child (select all that apply)? 

 Aboriginal 

 Arab 

 Black 

 Chinese 

 East Asian 

 Filipino 

 Japanese 

 Korean 

 Latin American/Hispanic 

 South Asian (e.g. East Indian, Pakistani, Sri 

 Lankan, etc.) 

 Southeast Asian (e.g., Vietnamese, Cambodian, 

 Malaysian, Laotian, etc.) 

 West Asian (e.g. Iranian, Afghan, etc.) 

 White 

 Other ethnic group 

 Don't know 

 Prefer not to answer 

 Specify other ethnic group: __________________________________ 

 
What is the ethnicity of the child's biological mother (select all that apply)? 

 Aboriginal 

 Arab 

 Black 

 Chinese 

 East Asian 

 Filipino 

 Japanese 

 Korean 

 Latin American/Hispanic 

 South Asian (e.g. East Indian, Pakistani, Sri 

 Lankan, etc.) 

 Southeast Asian (e.g., Vietnamese, Cambodian, 

 Malaysian, Laotian, etc.) 

 West Asian (e.g. Iranian, Afghan, etc.) 

 White 

 Other ethnic group 

 Don't know 
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 Prefer not to answer 

 Specify other ethnic group: __________________________________ 

 

What is the biological mother's citizenship status?  

 Canadian by birth 

 Canadian by naturalization 

 Other 

Please specify __________________________________ 

 

Does the biological mother have any mental health problems? __________________________________ 

 

List any medication the biological mother is currently taking __________________________________ 

 

What is the ethnicity of the participant's biological father (select all that apply)? 

 Aboriginal 

 Arab 

 Black 

 Chinese 

 East Asian 

 Filipino 

 Japanese 

 Korean 

 Latin American/Hispanic 

 South Asian (e.g. East Indian, Pakistani, Sri 

 Lankan, etc.) 

 Southeast Asian (e.g., Vietnamese, Cambodian, 

 Malaysian, Laotian, etc.) 

 West Asian (e.g. Iranian, Afghan, etc.) 

 White 

 Other ethnic group 

 Don't know 

 Prefer not to answer 

 Specify other ethnic group: __________________________________ 

 

What is the biological father's citizenship status?  

 Canadian by birth 

 Canadian by naturalization 

 Other 

Please specify __________________________________ 

 

Does the biological father have any mental health problems? __________________________________ 

 

List any medication the biological father is currently taking __________________________________ 

 

Language 

 
What is the primary language spoken at the child’s home? English 

 French 

 Both English and French 

 Other 

Please specify __________________________________ 

 

Does your child speak any other language? __________________________________ 
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Level of Education 
 

What is the child's highest grade or level of school completed or the highest degree obtained (choose one)?  

 Child care 

 Never attended/Kindergarten only 

 1st Grade 

 2nd Grade 

 3rd Grade 

 4th Grade 

 5th Grade 

 6th Grade 

 7th Grade 

 8th Grade 

 9th Grade 

 10th Grade 

 11th Grade 

 12th Grade, no diploma 

 High school graduate 

 GED or equivalent 

 Some college, no degree 

 Associate degree: occupational, technical, or 

 vocational program 

 Associate degree: academic program 

 Bachelor's degree (e.g., BA, AB, BS, BBA) 

 Master's degree (e.g., MA, MS, MEng, MEd, MBA) 

 Professional school degree (e.g., MD, DDS, DVM, JD) 

 Doctoral degree (e.g., PhD, EdD) 

 Unknown 

 

What is the primary caregiver's highest grade or level of school completed or highest degree obtained 

(choose one)?   

 Never attended/Kindergarten only 

 1st Grade 

 2nd Grade 

 3rd Grade 

 4th Grade 

 5th Grade 

 6th Grade 

 7th Grade 

 8th Grade 

 9th Grade 

 10th Grade 

 11th Grade 

 12th Grade, no diploma 

 High school graduate 

 GED or equivalent 

 Some college, no degree 

 Associate degree: occupational, technical, or 

 vocational program 

 Associate degree: academic program 

 Bachelor's degree (e.g., BA, AB, BS, BBA) 
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 Master's degree (e.g., MA, MS, MEng, MEd, MBA) 

 Professional school degree (e.g., MD, DDS, DVM, JD) 

 Doctoral degree (e.g., PhD, EdD) 

 Unknown 

 

Marital Status 
What is the child's marital/partner status (choose one)?  

 Never Married 

 Separated 

 Married 

 Divorced 

 Domestic Partnership/Common-law relationship 

 Widowed 

 

What is the primary caregiver's marital/partner status (choose one)?  

 Never married 

 Separated 

 Married 

 Divorced 

 Domestic partnership/Common-law relationship 

 Widowed 

 

Employment Status 
 

What is the child's employment status (choose one)?  

 Full Time 

 Part Time 

 Disabled, permanently or temporarily 

 Only temporarily laid off, sick leave, or 

 maternity leave 

 Keeping house/Homemaker 

 Looking for work, unemployed 

 Never employed (e.g. for infants and young 

 children) 

 Student 

 Retired 

 Self-Employed 

 Unknown 

 Other (specify) 

Specify other employment status: __________________________________ 

 

What is the primary caregiver's employment status (choose one)?   

 Full Time 

 Part Time 

 Disabled, permanently or temporarily 

 Only temporarily laid off, sick leave, or 

 maternity leave 

 Keeping house/Homemaker 

 Looking for work, unemployed 

 Never employed (e.g. for infants and young 

 children) 

 Student 
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 Retired 

 Self-Employed 

 Unknown 

 Other (specify) 

Specify other employment status: __________________________________ 

 

What is the child's job title? Please refer to the attached job title appendix and enter from the appendix the 

job title that most closely matches the participant's actual job title. 

Job title: __________________________________ 

 

What is the primary caregiver's job title? Please refer to the attached job title appendix and enter from the 

appendix the job title that most closely matches the primary caregiver's actual job title. 

Job title: __________________________________ 

 

Household Income 
 

What is the primary caregiver’s total household income (from all sources) before taxes last year (in 

dollars)? 

 __________________________________ 

 

 


