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ABSTRACT 
 

ADHD is a common neurodevelopmental condition with poor long-term 

outcomes. The core problem that this project sought to address is a com-

mon clinical issue encountered in children with ADHD presenting to ser-

vices with impairing social cognitive difficulties, including poor emotion 

recognition. The aim was to understand if emotion recognition difficulties 

were a primary consequence of abnormal patterns of visual attention in 

ADHD or alternatively social processing difficulties typically found in au-

tism. Findings from two novel independent study samples demonstrated 

that visual attention to faces in children with ADHD (ADHD and 

ASD+ADHD) differed from children without ADHD (ASD and typically 

developing controls) using a 2x2 factorial approach. Specifically, children 

with ADHD (ADHD and ASD+ADHD) showed an atypical ‘hyper-exten-

sive’ scanning of emotional faces compared to those without ADHD (ASD 

and typically developing controls). In contrast, Children with ASD (ASD 

and ASD+ADHD) were slower to orient to faces in ADOS (Autism Diag-

nostic Observation Schedule) pictures compared to those without ASD 

(ADHD and typically developing controls). Findings were in keeping with 

different visual attention profiles in ADHD compared to ASD with over-

lapping features in the comorbid group, indicating true comorbidity. Dif-

ferentiation of visual social-emotional attention was also found at the 

group level using machine learning and discriminant function analysis, and 

the highest classification rate of 88% was found for the ADHD group. The 

findings of this research have implications for the diagnosis and the man-

agement of ADHD and associated social-emotional impairments. 
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ABBREVIATIONS AND GLOSSARY 

ADHD: Attention Deficit Hyperactivity Disorder 

ADOS: Autism Diagnostic Observation Schedule 

ASD: Autism Spectrum Disorder 

CAMHS: Child and Adolescent Mental Health Services 

CBRS: Conners’ Behaviour Rating Scale 

CD: Conduct Disorder 

CNV: Copy Number Variant  

DAWBA: Development and Well-Being Assessment 

DFA: Discriminant Function Analysis 

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders—4th Edition 

DSM-5: Diagnostic and Statistical Manual of Mental Disorders—5th Edition 

DT: Dwell Time- an eye tracking measure indicating the amount of time spent view-

ing a specified area. Calculated as the sum of the duration of all the fixations falling 

in the specified area of interest of the stimulus.  

Emotion Recognition- the ability to decipher an emotional state for example happi-

ness. 

Empathy- the ability to put yourself in someone else’s shoes and to really feel and 

experience their emotional state as your own, not just to be able to recognise it. 

Eye tracking- measurement of eye movement dynamics during visual stimulus 

presentation using infrared eye tracker technology.  

Fixation- a set of eye locations within a defined area for a selected amount of time 

which represents the stationary period between eye movements indicating attention 

during visual stimulus presentation.  
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FC: Fixation Count- an eye tracking measure indicating exploration and processing 

of information in a specified area, calculated as the total number of fixations falling 

in the specified area of interest of the stimulus. 

FFT: First Fixation Time- an eye tracking measure indicating speed of orienting to 

a specified area.  

FSPL: Fixation Scanpath Length- a spatial eye tracking measure indicating 

breadth of attention, calculated as the sum of the distances from fixation to fixation 

per trial.  

FSIQ: Full Scale Intelligence Quotient  

GP: General Practitioner 

GWAMA: Genome Wide Association Meta-analyses 

GWAS: Genome Wide Association Studies 

HI: Hyperactive Impulsive 

IA: Inattentive 

Interest area - a specified area of interest on the visual stimulus for example the mouth 

region of a face stimulus. 

IAPS: International Affective Picture System  

ICD-10: International Classification of Diseases—10th Revision 

IQ: Intelligence Quotient 

LEA: Left Eye Area- a specified area of interest on the face stimulus. The left eye 

area of the face stimulus corresponds to the eye region in the left hemi field of the face 

stimulus from the viewer’s perspective.  

LI: Laterality Index- an eye tracking measure indicating hemispheric lateralisation 

of fixation direction during face processing. A negative index equals more leftward 

fixations associated with typical right hemisphere lateralisation in face processing. 

MA: Mouth Area- a specified area of interest on the face stimulus which corresponds 

to the mouth region of the face. 
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MFD: Mean Fixation Duration- a temporal eye tracking measure indicating pro-

cessing rate, calculated as the average fixation duration per trial.  

MLBF: Mean Length Between Fixations- a spatial eye tracking measure indicating 

breadth of attention, calculated as the average distance between fixations per trial. 

ODD: Oppositional Defiant Disorder 

PDD: Pervasive Developmental Disorders 

RC: Run Count- an eye tracking measure that indicates exploration and processing 

between specified areas of the stimulus.  

REA: Right Eye Area- a specified area of interest on the face stimulus. The right eye 

area of the face stimulus corresponds to the eye region in the right hemi field of the face 

stimulus from the viewer’s perspective. 

Scanpath- execution of a particular sequence of eye movements when a visual stimu-

lus is processed.  

SCQ: Social Communication Questionnaire 

SD: Standard Deviation 

SDLBF: Standard Deviation Length Between Fixations- a spatial eye tracking 

measure indicating variation in breadth of attention, calculated as the standard devi-

ation of the distance between fixations.  

Social-emotional stimuli- include stimuli with social and emotional content for ex-

ample an image of a face depicting happiness.  

Social Cognition- allows individuals to make sense of their own and another’s feel-

ings, thoughts, beliefs and desires and to interact with other people in a reciprocal 

social world. 

SPSS: Statistical Package for Social Sciences 

SSRI: Selective Serotonin Reuptake Inhibitor 

ToM: Theory of Mind- is the ability to decipher mental states so that an individual 

can interpret what another person could be thinking or feeling. 
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TFD: Total Fixation Duration- a temporal eye tracking measure indicating pro-

cessing rate, calculated as the sum of the fixation duration per trial. 

TFN: Total Fixation Number- a temporal eye tracking measure indicating pro-

cessing rate, calculated as the sum of the number of fixations per trial. 

VSA: Visual Social-emotional Attention- refers to visual attention to social-emo-

tional stimuli measured using eye tracking technology.  

WASI: Wechsler Abbreviated Scale of Intelligence- used to measure the full scale 

intelligence quotient  
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1 INTRODUCTION AND LITERATURE RE-
VIEW  

 

 OVERVIEW  
 

1.1.1 SYNOPSIS OF THE PROBLEM AND CLINICAL RELEVANCE 
 

The core problem that this project seeks to address is a common clinical 

issue encountered in children, young people and families with Attention 

Deficit Hyperactivity Disorder (ADHD). Children with ADHD presenting 

to clinical services have observed impairing social cognitive difficulties in-

cluding poor emotion recognition. As detailed in Case 1 (see Case vi-

gnettes; Appendix I.), the first case example with ADHD presented with 

poor concentration, disruption in class, difficulties with lining up in queues 

and turn taking, butting into conversations and getting easily frustrated if 

he lost in sports games. He also had significant social-emotional difficulties 

including getting into arguments with peers, misinterpreting social situa-

tions and found it difficult to express his emotions. It is not clear if social 

cognitive difficulties including poor emotion recognition that present in 

children with ADHD are a primary consequence of ADHD or secondary 

to a co-occurring disorder such as autism. As detailed in Cases 1 and 3 (see 

Appendix I.), both cases presenting to clinical services with ADHD also 

had social cognitive difficulties. Case 3 for example also met criteria for an 

independent diagnosis of ASD, including difficulties with spontaneous 

emotion recognition and empathy on the Autism Diagnostic Observation 

Schedule (ADOS).  
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In the ideal clinical situation, individuals presenting with ADHD 

would benefit from an efficient and accurate assessment of social-emo-

tional difficulties from the outset so that their treatment plan can address 

these needs. However, the reality is quite different and, typically after diag-

nosis and prescription of ADHD medication, children and young people 

with ADHD continue to suffer from significant social-emotional difficul-

ties (see Case 3; Appendix I.). Social-emotional difficulties in ADHD have 

been assumed to be a consequence of core ADHD symptoms such as inat-

tention, poor listening skills, difficulties waiting turn and social impul-

sivity. However, the fact that social-emotional problems clinically observed 

to persist in many individuals treated with stimulant medication that are so 

effective at improving core ADHD symptoms, suggests that other mecha-

nisms could be leading to social cognitive difficulties in ADHD. As the 

comorbidity between ADHD and Autism Spectrum Disorder (ASD) is in-

creasingly recognised, this could be one possible explanation for the social 

cognitive difficulties in ADHD. There is, however, still uncertainty if all 

social cognitive difficulties are due to an independent autism diagnosis, di-

agnostically subthreshold autism symptoms or a severe and broader 

ADHD phenotype. This can present as a significant clinical challenge as 

detailed in Case 3 (see Appendix I.).  

In clinical practice, children with ADHD can be assessed for an inde-

pendent diagnosis of autism using gold standard interviews and observa-

tions schedules. However, these were designed to be used in community 

populations to distinguish autism from typically developing children. 

There can be overlap between the questions asked in clinical interviews for 
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autism and symptoms of ADHD. For example, the Autism Diagnostic Ob-

servation Schedule (ADOS) used in the assessment of autism has tasks de-

signed to identify emotion recognition and to test for social saliency and 

pick up on others’ emotions. As children with ADHD may have independ-

ent difficulties in this area, the scores could be artificially raised leading to 

a false positive diagnosis of ASD on this instrument. Thus, current inter-

views and assessment tools for autism when used in children with ADHD, 

require the clinician to have appropriate extensive training. Additionally, 

the final diagnosis relies on clinical judgement and can be prone to subjec-

tivity. 

A consequence is that children with ADHD who have significant so-

cial-emotional difficulties which cause impairment and are often missed at 

the outset, leading to an unmet need. This can lead to extensive morbidity 

for the individual and poor socio-economic outcomes for society. Individu-

als with ADHD who are referred for further investigation of social-emo-

tional problems, suspected to be of an autistic nature, have further 

healthcare costs and extensive waits, as assessment of autism in ADHD is 

a highly specialist area of clinical expertise. 

In order to address the above problem, this Thesis attempts to bridge 

the gaps through this innovative research project investigating visual social-

emotional attention using eye tracking in children with ADHD, ASD, and 

comorbid ASD+ADHD, as well as typically developing control children. 

For the purpose of this Thesis, Visual Social-emotional Attention (VSA) re-

fers to visual attention to social-emotional stimuli (for example, faces de-

picting emotion) measured using eye tracking technology. Visual social-
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emotional attention is synonymous with visual social attention, a term 

used to address visual attention to social stimuli in autism (Guillon, 

Hadjikhani, Baduel, and Rogé 2014). Visual social-emotional attention is 

the preferred term for this Thesis, serving as a reminder that both social 

and emotional processing are inextricably linked and particularly im-

portant when studying ADHD (Dickstein and Castellanos 2012). 

1.1.2 MAIN PROPOSAL AND ARGUMENT OF THE THESIS  
 

The proposal of this Thesis is that the study of visual social-emotional at-

tention (VSA) in ADHD will uncover important insights into social-emo-

tional difficulties including emotion recognition. It is suggested that visual 

social-emotional attention will also help to clarify comorbidity between 

ADHD and ASD. In particular, it is argued that children with ADHD will 

have a primary problem with visual social-emotional attention, which 

could explain emotion recognition difficulties previously described in this 

population; and this would differentiate from visual social-emotional atten-

tion difficulties in ASD. It is proposed that some visual social-emotional at-

tention measures could differentiate ADHD from ASD while other 

measures which overlap between them, potentially explain comorbidity be-

tween the disorders.  

Through two novel empirical studies, this Thesis propelled the argu-

ment by showing how visual social-emotional attention in ADHD can: 

1) improve understanding of emotion recognition deficits and 

social processing in ADHD; 
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2) identify important similarities and differences compared with 

ASD and ASD+ADHD, shedding insights into diagnostic 

specificity and comorbidity; 

3) offer some potential as a diagnostic aid characterising 

ADHD, ASD and ASD+ADHD groups. 

1.1.3 THESIS STRUCTURE SUMMARY 
 

Chapter 1 includes a general overview of ADHD including the prevalence 

of comorbidity with ASD and putative models of the comorbidity between 

them. Social cognitive deficits in ADHD are reviewed and visual social-

emotional attention findings in ADHD, ASD and controls from the eye 

tracking literature are compared. Chapter 2 describes the methods used for 

the first empirical study investigating visual social-emotional attention to 

emotional faces in children with ADHD, ASD, ASD+ADHD and typical 

controls. Chapter 2 also presents the findings from qualitative analysis of the 

eye-tracking data from this first study as well as the findings from a machine 

learning approach that was designed to validate the qualitative findings in a 

data-driven way. 

Chapter 3 describes and presents the results of analysis of quantitative 

visual social-emotional attention measures using eye tracking from the first 

study, including fixation latencies to emotional faces in an emotion recogni-

tion task. Chapter 4 describes the methods and results of the second study 

which recruited a new sample of children with ADHD, ASD and 

ASD+ADHD, as well as typically developing controls. Chapter 4 presents 
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the results of group comparisons on measures of visual social-emotional at-

tention to ADOS images. Chapter 5 presents findings from the second sam-

ple of children during free viewing of emotionally neutral faces, to provide 

a neutral emotion control comparison with the emotional faces in the emo-

tion recognition task from the first study. 

Chapter 6 presents the results from Discriminant Function Analysis in-

cluding prediction of diagnoses from visual social-emotional attention 

measures that yielded significant group differences in the preceding chapters. 

Chapter 7 summarises the results from the previous chapters and gives a dis-

cussion of the main findings including clinical relevance and future research 

avenues. Chapter 7 also evaluates visual social-emotional attention using 

eye tracking as a potential diagnostic aid in neurodevelopmental assessment. 

Final conclusions are drawn regarding the study of visual social-emotional 

attention using eye tracking as a potential solution to the problem of social-

emotional difficulties in ADHD and the impact of autism.  
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 ATTENTION DEFICIT HYPERACTIVITY DISOR-

DER, A GENERAL OVERVIEW 
 

1.2.1 DIAGNOSIS AND EPIDEMIOLOGY 
 

Attention Deficit Hyperactivity Disorder (ADHD) is a common heteroge-

neous neuro-developmental disorder characterised by developmentally in-

appropriate levels of hyperactivity, impulsivity and inattention (American 

Psychiatric Association 2013) (Figure 1.1). According to the Diagnostic Sta-

tistical Manual, Fifth Edition (DSM-5), in order to meet criteria for a diag-

nosis of ADHD, six or more symptoms of inattention or six or more symp-

toms of hyperactivity/ impulsivity need to be present for at least six months 

(American Psychiatric Association 2013). In addition to this, the symptoms 

need to be pervasive, impair functioning in at least one context and be out 

of keeping with the developmental level of the child. In DSM-5, there are 3 

presentations of ADHD. Predominantly inattentive presentation (for which 

only criteria for inattentive symptoms are met); predominantly hyperac-

tive/impulsive presentation (for which only criteria for hyperactive/impul-

sive symptoms are met); and Combined presentation (for which criteria for 

both inattentive symptoms and hyperactive/impulsive symptoms are met; 

Figure 1.1) (American Psychiatric Association 2013).  

In the International Classification of Diseases 10th revision (ICD-10) 

(World Health Organisation 1994), the disorder is known as Hyperkinetic 

Disorder (HKD) and although the clinical construct is similar to ADHD the 

diagnostic criteria are more stringent such that six or more symptoms of in-

attention and six or more symptoms of hyperactivity/impulsivity need to be 
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met in two or more settings. Hyperkinetic Disorder in ICD-10 is most similar 

to DSM-5 ADHD combined presentation (Figure 1.1). ICD-10 and the Di-

agnostic Statistical Manual, Fourth Edition (DSM-IV) stipulated that 

ADHD should not meet the criteria for pervasive developmental disorder, 

now more widely termed Autism Spectrum Disorder (ASD) (World Health 

Organisation 1994; American Psychiatric Association 2000). However, 

DSM-5 now allows for the combined diagnoses of both ADHD and ASD 

(American Psychiatric Association 2013). In addition to ASD, ADHD is 

also frequently associated with other Axis I childhood psychiatric disorders 

such as Oppositional Defiant Disorder (ODD), Conduct Disorder (CD) and 

other developmental disorders such as Tourette’s syndrome in addition to 

mood and anxiety disorders (Taurines et al. 2010; Pliszka 2009, 2000; 

Kadesjö et al. 2003). 

 ADHD combined presentation has been shown to be the most severe 

of the ADHD presentations in DSM, with poorer levels of functioning at 

home and at school. Children with ADHD combined presentation are also 

more likely to have a disruptive disorder such as ODD compared with 

ADHD hyperactive/impulsive and inattentive presentations although, chil-

dren with inattentive subtype are more likely to need extra help at school 

(Faraone et al. 1998). Children with ADHD have more emotional dysregu-

lation and social dysfunction, leading to poorer prognosis (Nijmeijer et al. 

2008; Greene et al. 1996; Gillberg 2014). However, it remains unclear if so-

cial deficits are secondary to additional diagnoses including ASD or core to 

the primary ADHD deficits. 
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Figure 1. 1: Symptoms and presentations of ADHD 

Circles denote symptom domains. Overlapping parts of the Venn diagram denote overlap-

ping symptom domains (NB these do not reflect prevalence of presentations e.g. combined 

is more common that hyperactive-impulsive presentation). Arrows indicate overlapping 
symptom domains for the ADHD presentations in the respective attached textbox 
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and at work (Biederman et al. 2006). As well as functional impairments at 

home and at school, ADHD is associated with poor self-esteem, substance 

misuse, self-harm, delinquency and social and relationship difficulties with 

peers and adults (Steinhausen 2009). 

1.2.2 CAUSAL FACTORS 
 

As described above, diagnosis of ADHD is currently based on the classifica-

tion of behavioural symptoms according to the ICD-10 and DSM-5. There 

is a vast amount of literature reporting the causal factors of ADHD; alt-

hough, none so far have proved to be diagnostic (American Psychiatric As-

sociation 2013). Nevertheless, the goal is that one-day diagnosis will be 

linked more closely to causal factors and that diagnostic tests will be availa-

ble to aid diagnosis. In this section the well-studied causal factors will be 

reviewed including the genetics, and neural basis of ADHD in order to put 

the work in this Thesis in context.  

 ADHD is a highly heritable condition with an estimated heritability 

rate between 60–90% (Brikell, Kuja-Halkola, and Larsson 2015; Jansen et 

al. 2019; Nikolas and Burt 2010; Thapar 2018). A recent Genome Wide As-

sociation Meta-analysis (GWAMA) of ADHD and controls identified vari-

ants surpassing genome-wide significance in 12 independent loci; some re-

lated to neural mechanisms including synapse formation and action 

(Demontis et al. 2019). As Genome Wide Association Studies (GWAS) 

identify common DNA variants, some of the heritability of ADHD could be 

due to single nucleotide polymorphisms, suggesting ADHD could be an ex-

treme form of trait symptoms (Demontis et al. 2019). 
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 ADHD is a heterogeneous condition and environmental factors have 

also been implicated in its aetiology. Foetal exposure to alcohol, exposure 

to certain toxins, maternal smoking, pregnancy and birth complications, 

prematurity, head injury and psychosocial adversity such as low social sta-

tus, maternal psychopathology and systemic factors including family dys-

function are all associated with ADHD (Max et al. 2005; Banerjee, 

Middleton, and Faraone 2007; Johnson et al. 2010b). As most of these fac-

tors occur very early in life it is likely that the presence of these factors in-

creases the risk of ADHD (which is a developmental condition) in genet-

ically predisposed individuals. The interplay between genes and environ-

ment have also been associated with the development of ADHD sympto-

matology through gene-environment interactions and also influence the re-

sponse to stimulant and non-stimulant medication in ADHD (Palladino et 

al. 2019; Assary et al. 2018; Grizenko et al. 2012). 

 At a neuro-chemical level, the dopamine deficit theory and role of 

dopamine receptors have been implicated in ADHD. Dopamine levels are 

affected by levels of cell firing with release of dopamine, uptake of dopamine 

by the dopamine transporter and the metabolism of transmitter enzymes; 

abnormalities in any of these can lead to dopamine dysfunction (Swanson 

et al. 2007). The main mechanism of stimulant medication such as 

methylphenidate and dexamphetamine used in ADHD to help with the core 

symptoms is to increase synaptic levels of dopamine (Biederman 2005). 

Early candidate gene studied in ADHD included the dopamine transporter 

gene (DAT1) and the dopamine receptor type 4 gene (DRD4), based on the 

dopamine hypothesis of ADHD (Swanson et al. 2007). In addition to DAT1 
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and DRD4, the D5 dopamine receptor gene (DRD5), dopamine transporter 

gene (SLC6A3), serotonin transporter gene (5HTT) and the serotonin IB re-

ceptor gene (HTRIB) have also been shown to be significantly associated 

with ADHD across multiple studies (Faraone and Larsson 2019; Gizer, 

Ficks, and Waldman 2009; Li et al. 2014).  

 In addition to dopamine, norepinephrine which is also a catechola-

mine has also been implicated in ADHD and is increased by stimulant and 

non-stimulant medication in ADHD (Faraone 2018). Neurotransmitter 

transporters, adrenergic receptor genes (ADRA2A, ADRA2C) and cholinergic 

receptor gene (CHRNA4) have also been frequently associated with ADHD 

(Li et al. 2014). Furthermore, glutamate, an excitatory neurotransmitter is 

associated with hyperactive/impulsive symptoms and, GABA an inhibitory 

neurotransmitter is associated with inattentive symptoms; suggestive of ex-

citatory and inhibitory neurotransmission imbalances in the pathogenesis of 

ADHD (Naaijen et al. 2017).  

 Neuroimaging studies have shown an overall reduction in brain vol-

umes and cortical and subcortical alterations including the prefrontal cortex 

basal ganglia in ADHD (Greven et al. 2015; Shaw and Rabin 2009). Recent 

studies have also shown bilateral reductions in the amygdala, accumbens 

and hippocampus in addition to differences in growth rate of the white mat-

ter in the cerebellum and have implicated subcortical brain maturation and 

structural connection atypicalities in ADHD (Hoogman et al. 2017; Shaw et 

al. 2018). These findings suggest atypical neural connectivity and dysfunc-

tion in neural networks including the default mode network and motivation 

and reward systems are aberrant in ADHD (Fair et al. 2010; Sripada et al. 



31 
 

2014; Rubia et al. 2009). The threshold for deactivating the default mode 

network is increased in ADHD, however  both motivation and methylpheni-

date have been shown to reduce the threshold to deactivate the default mode 

network which is required for focussed task-related attention (Liddle et al. 

2011).  

 Dysfunction in brain networks leads to a broad range of cognitive 

impairments across a range of cognitive functions. ADHD is known to be 

associated with lower IQ levels and children with ADHD have IQ’s as much 

as 7 points lower than controls (Jepsen, Fagerlund, and Mortensen 2009). In 

addition to lower than average IQ, executive functioning is also commonly 

impaired on neuropsychological testing in children with ADHD. Executive 

functions are higher mental functions used to govern behaviour including 

planning to maintain a later goal (Willcutt, Doyle, et al. 2005). The most 

common executive deficits found in ADHD are impairments in response 

inhibition, working memory and planning and this is independent of IQ 

(Willcutt, Pennington, et al. 2005).  

 To date, the search for a single brain or cognitive endophenotype for 

ADHD has not been successful and it is increasingly recognised that there 

are likely multiple pathways from the underlying neurobiology to the emer-

gent phenotype of ADHD (Sonuga-Barke 2005; Sonuga-Barke and Coghill 

2014). Social cognition including emotion recognition in ADHD has not 

been included in multi-pathway models of ADHD which focus on deficits 

in inhibitory control and reward circuits (Sonuga-Barke and Coghill 2014). 

While social cognitive deficits are viewed core to ASD, which is often 
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comorbid with ADHD, the exact basis of this co-occurrence is unclear. Elu-

cidating the basis of comorbidity between disorders may improve insight be-

tween causal factors and diagnoses (see below); adding to the multi-pathway 

models of ADHD. 
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 COMORBIDITY IN ADHD AND ASD  
 

In this section, comorbidity is defined and linked to the literature on comor-

bidity in ADHD and ASD. Current areas of uncertainty including that of 

true comorbidity on a dimensional level and how this relates to this project 

was also highlighted. 

1.3.1 COMORBIDITY 
 

Comorbidity occurs when two or more disorders occur together more often 

than predicted by chance alone and is commonly found among disorders in 

child psychiatry (Caron and Rutter 1991). Several factors relate to high rates 

of comorbidity found in childhood psychiatric disorders, although none ac-

count for it completely (Rutter and Taylor 2002). Of these factors, the first 

factor that can contribute to high rates of comorbidity is referral bias, a phe-

nomenon also known as Berkson’s bias (Rutter and Taylor 2002; Berkson 

1946). The second factor that can contribute to high rates of comorbidity in 

child psychiatry is that the symptoms are a ‘phenocopy’ of the comorbid 

disorder in question, such that the symptoms that are present seem to be like 

symptoms that manifest in other disorders but are really symptoms of the 

first (only) disorder. These first two factors are not ‘true’ comorbidity, but 

rather give spurious rates of comorbidity. The third factor that can contribute 

to high rates of comorbidity is that children with one disorder may be more 

likely to underachieve at school and develop a secondary emotional disor-

der, for example. The fourth factor that can contribute to high rates of 

comorbidity includes comorbid disorders that are different manifestations of 

the same underlying cause, for example same genetic and or environmental 
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cause. The fifth factor causing high rates of comorbidity in childhood psy-

chiatric disorders is when the two disorders occurring together are due to a 

syndrome or distinct condition, for example manic episodes in combination 

with depressive disorder would be diagnosed as Bipolar disorder (Rutter and 

Taylor 2002). Another example of the fifth factor causing high rates of 

comorbidity due to a distinct condition could be ‘Deficits in Attention, Mo-

tor control and Perception’ otherwise known as DAMP. Although not offi-

cially part of ICD-10 or DSM-5, the term DAMP is commonly used in some 

parts of Europe to describe the combination of ADHD with Developmental 

Coordination Disorder (DCD) and perceptual deficits (Gillberg 2003). Alt-

hough autism symptoms are often part of DAMP, the absence of a diagnosis 

of ASD does not preclude the child from having the condition (Gillberg 

2003). Based on longitudinal studies, children with DAMP have more se-

vere long term impairments in adolescence and adulthood than those with-

out DAMP, despite the clinical symptoms of ADHD and DCD being less 

severe in early adulthood than childhood (Hellgren et al. 1994; Gillberg 

2003; Rasmussen and Gillberg 2000). These findings suggest that having 

DAMP could be associated with more long term impairment than ADHD 

and/or DCD symptoms in adulthood would predict, providing some evi-

dence of DAMP being a distinct condition.  

Of the factors described above contributing to high rates of comor-

bidity in child psychiatric disorders, factors three through to five are likely 

to represent true forms of comorbidity (i.e. when two distinct disorders are 

actually present in the same individual). True comorbidity among disorders 
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raises important research questions, including revealing important infor-

mation about shared aetiology, risk factors for the disorders and treatments 

(Neale and Kendler 1995). Neale and Kendler (1995) proposed several mul-

tifactorial models of comorbidity. In relation to this Thesis, two models may 

have particular relevance; these include the extreme multiformity model and 

the correlated liabilities model.  Extreme multiformity includes cases where 

disorder A (above certain thresholds) generates symptoms of disorder B and, 

correlated liabilities, includes comorbidity of disorder A and disorder B 

when risk factors for disorder A and B are above threshold for the disorders 

(Neale and Kendler 1995). 

1.3.2 ASD 
 

As stated above, DSM-5 now allows for the combined diagnoses of ADHD 

and ASD (American Psychiatric Association 2013). Autism Spectrum Dis-

order (ASD) is a complex neuro-developmental syndrome consisting of 

deficits in: social reciprocity; communication; and unusual restricted, re-

petitive and stereotyped behaviours (World Health Organisation 1994). 

ASD is an ‘umbrella-term’ which incorporates the more severe ‘classic’ au-

tism, first described by Kanner, at one end of the spectrum and ‘high func-

tioning autism’ and Asperger’s syndrome at the other end of the spectrum. 

In ICD-10, this group of disorders is named Pervasive Developmental Dis-

orders (PDD) and is characterised by qualitative abnormalities in recipro-

cal social interactions and in patterns of communication and by a re-

stricted, stereotyped, repetitive repertoire of interests and activities. Ac-

cording to ICD-10, these qualitative abnormalities are a pervasive feature 

of an individual’s functioning in all situations. Asperger’s syndrome is 
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characterised by the same type of qualitative abnormalities of social inter-

action as autism (restricted, stereotyped repetitive behaviours) but differs 

from autism as there is no general delay in language or cognitive impair-

ment. As stipulated above, in Asperger’s syndrome there is no delay in lan-

guage acquisition. However, there are still communication difficulties in 

terms of higher-order communication, for example taking the meaning of 

things literally and difficulty in understanding jokes.  

The subclassification and terminology in ICD-10 and DSM-IV were 

very similar. However, in DSM-5 the term PDD has been replaced by 

ASD and the 5 sub-diagnoses including Asperger’s syndrome in DSM-IV 

have been removed with all diagnoses meeting criteria for ASD subsumed 

under the ASD diagnostic category (American Psychiatric Association 

2013). The triad of deficits in DSM-IV have been compressed to a dyad of 

deficits in DSM-5 to include social communication deficits and restricted 

repetitive patterns of behaviour. Changes in the subtext in DSM-5 include 

deficits in social-emotional reciprocity in the social communication do-

main and reactivity to sensory input in the restricted and repetitive patterns 

of behaviour domain. The age of onset was also changed from age 3 in 

DSM-IV to early developmental period in DSM-5 (American Psychiatric 

Association 2000, 2013). DSM-5 also contains additional clauses regarding 

symptoms masked by learned strategies and, symptoms not being fully 

manifest until the social demands exceed limited capacities to allow for in-

dividuals to be identified across the whole autism spectrum, including fe-

males and adults (American Psychiatric Association 2013). Specifiers in-
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cluding the presence or absence of additional intellectual impairment, lan-

guage impairment, an associated medical, genetic or another neurodevel-

opmental condition are also included in DSM-5 (American Psychiatric As-

sociation 2013).   

The current childhood prevalence of ASD is estimated to be ap-

proximately 1% and, has increased in part due to better identification of 

the disorder and also due to its classification into a broader autism pheno-

type to include the whole autism spectrum and milder forms of the disor-

der (Lord et al. 2000; Happe and Frith 2020; Christensen et al. 2016; 

Elsabbagh et al. 2012). Like ADHD, ASD is a highly heritable condition 

which is more common in boys (Fombonne 2009). As well as genetic fac-

tors, environmental factors including paternal age (Lundstrom et al. 2010), 

maternal infection during pregnancy (Patterson 2011), prematurity and low 

birth weight (Johnson et al. 2010a) have been implicated in ASD, indicat-

ing an epigenetic pathway of aetiology in this complex neurodevelopmen-

tal disorder.  

When comparing executive function deficits between ASD and 

ADHD, findings have been mixed. Geurts et al. (2004) found more pro-

nounced deficits in ASD than ADHD, with more difficulties in planning 

and cognitive flexibility than ADHD. In contrast, Lukito et al. (2017)  

found specificity for executive function deficits with ADHD symptoms and 

ToM deficits with ASD symptoms. Craig et al. (2016), reviewed 26 studies 

and concluded more deficits in response inhibition in ADHD, more defi-

cits in planning in ASD whilst, other aspects of executive function such as 
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working memory and fluency were common to both disorders. Heteroge-

neity in studies on executive function deficits may in part be related to 

study design including testing and sample characteristics (Craig et al. 

2016). 

The concept of weak central coherence (attention to detail and local 

processing rather than global concepts and processing) has also been docu-

mented as a cognitive deficit in ASD (Happe and Frith 2006), although, 

this model of core deficit in ASD has been questioned by others (Chevallier 

et al. 2012; Fitzpatrick et al. 2018). 

1.3.3 COMORBIDITY BETWEEN ADHD AND ASD 
 

Many research studies have documented coexistence of ASD and ADHD 

diagnoses and as a result this comorbidity is widely accepted by clinicians. 

In a recent community-based twin study, a substantial proportion of children 

with ADHD (32% of males and 75% of females) scored within the clinical 

range for ASD and, children with severe forms of ADHD were found to 

have clinically significant symptoms in all three autism symptom domains 

on the Social Responsiveness Scale (SRS) (Reiersen et al. 2007).  In addition, 

children with ASD have higher than expected rates of ADHD diagnosis for 

example, in a population derived cohort of children with ASD, 28% were 

found to have a comorbid diagnosis of ADHD (Simonoff et al. 2008). A 

recent meta-analysis including studies across development in those with 

ASD, reported a prevalence of 22% for a comorbid diagnosis of ADHD from 

population studies and, a prevalence of 34% for a comorbid diagnosis of 

ADHD from clinic based samples (Lai et al. 2019).  
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Studies have shown shared aetiology between ADHD and ASD in-

dicating true comorbidity (Banaschewski, Poustka, and Holtmann 2011; 

Berenguer-Forner et al. 2015; Johnson et al. 2010b; Ayaz et al. 2015). This 

includes genetic overlap between rare Copy Number Variant (CNV) regions 

in ADHD and ASD (Martin et al. 2014) and more common loci from 

GWAMA (Grove et al. 2019). It has also been reported that rare protein-

truncating variants  (e.g. nonsense, frameshift and essential splice site muta-

tions) have been indistinguishable in ADHD and ASD suggesting shared 

genetic overlap of the disorders (Satterstrom et al. 2018; Thapar 2018). 

However, recent polygenic risk scores (PRS) for ADHD have been 

associated with ADHD and ASD+ADHD but not ASD, suggesting that the 

genetic relationship between ASD and ADHD is more complex (Jansen et 

al. 2019). It has also been proposed that common genetic variants may pre-

dict opposing cognitive outcome; with lower function in ADHD versus 

higher ability and educational attainment in ASD (Thapar 2018; Weiner et 

al. 2017).  

In addition, although rare CNV deletions and duplications are asso-

ciated with an increased risk for both ASD and ADHD, the patterns of as-

sociation vary. For example, on 16p11.2 rare CNV deletions were more 

strongly associated with ASD and 16p11.2 duplications had higher odds of 

ADHD (Niarchou et al. 2019). Study findings for both CNV deletions and 

duplication on 22q 11.2 have shown raised risk for ASD and ADHD. How-

ever, deletions were associated with higher risk of ADHD and duplications 

with higher risk of ASD (Lin et al. 2017). These CNV findings lead to the 
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possibility that imprinted genes on certain risk chromosomes could be re-

lated to the expression of either ASD or ADHD in certain individuals. Over-

all, the genetic findings suggest each individual will have their own genetic 

fingerprint with common and or rare variants which could lead to expression 

of ASD, ADHD or ASD+ADHD. This would subsequently be coupled with 

environmental risks that further delineate the phenotypic profile expressed 

through gene environment interactions.  

The recent genetic findings can also be linked with comorbidity liter-

ature on ADHD and ASD. A comprehensive literature review concluded 

that the majority of evidence on comorbidity between ASD and ADHD sup-

ports comorbidity as a third distinct category of ASD+ADHD (Berenguer-

Forner et al. 2015). However, latent class analysis in a large sample indicated 

that the relationship may be more complicated as ASD always occurs with 

some symptoms of ADHD, falling into two subgroups of comorbidity; pri-

marily ADHD with some ASD, termed ADHD(+ASD) and primarily ASD 

with some ADHD, termed ASD(+ADHD) (van der Meer et al. 2012). It 

remains unclear if the presence of comorbid symptoms as described by van 

der Meer et al. 2012, is due to ‘double counting’ of overlapping symptoms 

or ‘true’ comorbidity. In favour of ‘true comorbidity’ was that both the 

ASD(+ADHD) and the ADHD(+ASD) subgroups had some shared 

visuospatial and verbal working memory deficits compared with the typi-

cally developing control group. A potential suggestion against the ‘true 

comorbidity hypothesis was the authors’ conclusions for different treatment 

approaches for ASD(+ADHD) versus ADHD(+ASD), due to distinct cog-
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nitive processing profiles. Specifically, a ‘detail focused’ cognitive style in-

dicative of enhanced local processing was found in the ASD(+ADHD) sub-

group compared with the ADHD(+ASD) subgroup (van der Meer et al. 

2012).  

To complicate matters further, both dimensional and categorical clas-

sification in child psychiatry is being advocated, for example allowing a di-

mension of ADHD symptoms and a categorical diagnosis of ADHD, respec-

tively (Happe, Ronald, and Plomin 2006; Neale and Kendler 1995). Thus, 

children with a categorical diagnosis of ADHD, for example, may have 

symptoms of poor social cognition and this could represent i) associated 

‘ASD-like’ symptoms related  to primary ADHD (i.e. a ‘phenocopy’ of ASD 

symptoms), ii) co-existing ASD symptoms (i.e. a broader ASD  dimensional 

phenotype) or iii) a co-morbid ASD diagnosis (on a categorical level). 

 Children with comorbid neurodevelopmental disorders are often ex-

cluded from research studies and clinical trials in order for the ‘pure form’ 

of the disorder to be studied. In addition, studies may not comment on 

comorbidity making it difficult to interpret findings. In those with a categor-

ical diagnosis of ADHD, even when a categorical diagnosis of ASD had 

been excluded, it has been found that a substantial proportion of children 

have more ‘ASD-like’ symptoms in the social/communication domain but 

not the repetitive and stereotyped behaviour domains of the Social Commu-

nication Questionnaire (SCQ) (Kochhar et al. 2011). In a larger study, when 

children were assessed primarily for ADHD, a subsample of these children 

have been shown to have ‘ASD-like’ symptoms in all domains on the Social 

Responsiveness Scale (Reiersen et al. 2007). When a child is seen in clinic, 
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for either ASD or ADHD, it is prudent to screen for other neurodevelop-

mental disorders. However, different screening tools and scales for ASD 

may give varying results. It may also be difficult to interpret the results as 

true comorbid ASD symptoms and ‘ASD-like’ social cognitive symptoms 

secondary to ADHD may be very difficult to distinguish. Indeed, rating 

scales are unlikely to be sufficiently sensitive to the potentially different basis 

of social cognitive deficits in these populations. Similarly, inattention core 

to ADHD and social inattention core to ASD are hard to disentangle from 

questionnaires (Rommelse et al. 2010). Furthermore, current diagnostic 

methods for ASD are based on semi-structured interviews and observation 

schedules (the gold standard for diagnosing ASD). However, their use in 

comorbid psychiatric populations is more complex. Although aids in diag-

nosis of ADHD are emerging, for example the Qb test (Hall et al. 2014; 

Hollis et al. 2018) a technique to aid interpretation and classification of so-

cial deficits in neurodevelopmental disorders are also warranted in clinical 

practice. By correctly categorising the social cognitive deficits, it is antici-

pated this will help to guide treatments and prognosis from the onset of the 

diagnosis.  

 In summary, although there are many potential causal overlaps in-

cluding genetic findings between ADHD and ASD suggestive of true comor-

bidity, there are also findings that indicate dissociation. It is unlikely that all 

children with ADHD presenting to services with social emotional impair-

ments will meet criteria for an independent diagnosis of ASD however, alt-

hough many present with severe impairment including social-emotional dif-

ficulties (see Case 3, Appendix I.). Although diagnosis of core deficits in 
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ADHD is well established, assessment of social difficulties is less so and 

tends to be viewed through the lens of ASD. Furthermore, as the official 

introduction of comorbid diagnosis of ADHD and ASD is relatively recent, 

simultaneous diagnostic assessment of both conditions is in its infancy. Di-

agnostic assessment and study of social cognition in ASD is very well estab-

lished. Studying social cognition based on insights from ASD may help to 

provide a basis for improving diagnosis of social-emotional deficits in 

ADHD.  

 

 SOCIAL COGNITION IN ADHD 
 

In this section, the literature on social cognition deficits in ADHD was re-

viewed; focussing in particular on emotion recognition. The literature on 

social cognition deficits in ASD was referred to where it was relevant to 

improving understanding of social cognition in ADHD. Social cognition 

allows individuals to make sense of their own and another’s feelings, 

thoughts, beliefs and desires and to interact with other people in a recipro-

cal social world (Sharp, Fonagy, and Goodyer 2008). It includes several 

constructs including emotion recognition, Theory of Mind (ToM), empa-

thy and  emotional understanding (Sharp, Fonagy, and Goodyer 2008). 

This is not an exhaustive list and these constructs are invariably interre-

lated and evolve and mature during development.  

1.4.1 EMOTION RECOGNITION  
 

Emotion recognition is the ability to accurately identify an emotional state 

for example happiness. Emotion recognition is one component of social 
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cognition which, may facilitate higher level social cognitions discussed in 

the next section. The face is one of the most important visual stimuli and 

the eye region even more so in regards to identifying the emotions of an-

other (Itier and Batty 2009). Deficits in recognising and identifying emo-

tional facial expressions and understanding contextual meaning have been 

reported in ADHD (Dickstein and Castellanos 2012). Emotion recognition 

deficits have been reported globally (Da Fonseca et al. 2009; Kats-Gold, 

Besser, and Priel 2007; Seymour et al. 2013), to negative emotions (Singh 

et al. 1998; Pelc et al. 2006; Aspan et al. 2014) and to positive emotions 

(Sinzig, Morsch, and Lehmkuhl 2008). A summary of recent review stud-

ies on social cognition deficits including emotion recognition in ADHD are 

shown in Table 1.1  

  



    

Table 1. 1: Summary of review articles on social cognitive deficits in ADHD 

Review paper  Social  
cognitive domain  

Disorder 
(s) 

Findings 

Uekermann et al. (2010) 
 

Several social do-
mains including emo-
tion recognition  

ADHD Review of the literature shows ADHD is associated with social cognition impairments involving 
facial emotion and prosody perception.  

Collin et al. (2013)  
 

Facial emotion recog-
nition 

Child psychiat-
ric disorders 

Systematic review. Findings suggest abnormalities in facial emotion recognition in a wide 
range of child psychiatric disorders including ADHD (14 studies), conduct disorder (9 studies), 
mood disorders (18 studies), anxiety disorder (16 studies) and Schizophrenia (2 studies). 

Graziano et al. (2016) 
 

Emotional dysregula-
tion, including emo-
tion recognition and 
understanding 

ADHD Meta-analysis of 77 studies found a moderate weighted effect size (d=0.64) for emotion recog-
nition/understanding deficits in ADHD. Co-occurring conduct problems or cognitive function 
did not moderate the link between ADHD and emotion recognition/understanding deficits. 

Bora et al. (2016) 
 

Several social do-
mains including emo-
tion recognition and 
ToM 

ADHD versus 
ASD 

Meta-analysis of 44 studies comparing ADHD with healthy controls and 17 studies comparing 
ADHD with ASD. Facial and vocal emotion recognition (d=0.40–0.44) and ToM (d=0.43) abili-
ties were significantly impaired in ADHD. The most robust facial emotion recognition deficits 
were evident in anger and fear. Deficits in social cognition, especially ToM, were significantly 
more pronounced in ASD compared with ADHD.  

Rodrigo-Ruiz et al. 
(2017) 
(only abstract available) 

Facial emotion recog-
nition 

ADHD Systematic review showing that most studies (n=28) confirm those with ADHD have facial 
emotion recognition deficits with poorer accuracy compared to controls. Those with ADHD 
tend to have a greater difficulty in recognising negative emotions (especially anger, fear and 
disgust).  

Borhani et al. (2018)  
 

Facial emotion recog-
nition 

ADHD Systematic review found 26 studies with some inconsistent findings across the studies noted. 
Fear was the most poorly processed emotion. Facial emotion recognition deficits did not abate 
with development. 

Romani et al. (2018)  
 

Face processing and 
facial affect recogni-
tion 

ADHD Systematic review found 25 out of 34 studies showed facial emotion recognition deficits in 
ADHD. Emotion deficits for happy, angry and disgust were commonly listed. Authors con-
cluded that few studies delineate between ADHD and ASD and so it is difficult to interpret re-
sults. Also, there were few studies on face processing and memory in ADHD. 



 
   

 

As shown in Table 1.1, review articles that also report meta-analysis 

findings show moderate effect sizes (d=0.4–0.64) for emotion recognition 

deficits in ADHD compared with typically developing controls (Graziano 

and Garcia 2016; Bora and Pantelis 2016) which is in line with meta-analy-

sis findings for emotion recognition deficits in ASD compared with typi-

cally developing controls (d=0.4) (Uljarevic and Hamilton 2013). 

Rodrigo-Ruiz et al. (2017) and Romani et al. (2018) found recogni-

tion deficits for negative and positive emotions in ADHD, whereas recog-

nition deficits for fear were most commonly found in the review by 

Borhani et al. (2018). Fear has also been shown to be misinterpreted in 

ASD (Uljarevic and Hamilton 2013) and this has been linked to avoidance 

of the eyes (Cuve, Gao, and Fuse 2018). 

As reported by Collin et al. (2013), emotion recognition deficits oc-

cur in a number of child psychiatric disorders including ADHD and CD. It 

can be hypothesised that conduct problems could account for the raised 

level of emotion recognition deficits in ADHD (Santosh and Mijovic 

2004). However, Graziano and Garcia (2016) showed that co-occurring 

conduct problems did not moderate the link between ADHD and emotion 

recognition suggesting that the emotion recognition difficulties in ADHD 

are due to other mechanisms. 

In summary, there is consistent evidence of emotion processing defi-

cits in ADHD. As emotion processing is not considered a core feature of 

the disorder in ICD-10 or DSM-5, it is important to clarify if the emotion 

recognition deficits in ADHD are due to an underlying comorbid disorder 
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such as ASD. Understanding the cause of the emotion recognition difficul-

ties will help with the development of an effective treatment plan for chil-

dren and families with ADHD. 

The mechanisms and neurobiology of emotion recognition deficits 

in ADHD have been proposed. As emotion recognition deficits have been 

associated with errors on the continuous performance test (Shin et al. 2008) 

and go/no-go tasks (Sinzig, Morsch, and Lehmkuhl 2008), these problems 

in social interaction in ADHD are often attributed to attentional difficulties 

rather than core social impairments (Uekermann  et al. 2010). However, 

there is also evidence that core ADHD symptoms do not explain the emo-

tion processing deficits completely. For instance, Yuill and Lyon (2007) 

found that children with ADHD performed more poorly on emotion recog-

nition tasks than purely cognitive tasks and that when inhibitory deficits 

were controlled for, performance in cognitive tasks improved but emotion 

recognition was still impaired. Studies measuring electrophysiological cor-

relates of emotion processing, show that these may be altered in ADHD 

when viewing emotions. (Ibanez et al. 2011; Tye et al. 2014). Ibanez et al. 

(2011) suggested that atypical emotion processing could be related to re-

ward processing in ADHD 

As discussed in Section 1.1.1, methylphenidate is the most com-

monly used medication for ADHD and significantly improves core symp-

toms of the disorder (Cortese et al. 2018). If as postulated above, emotion 

recognition deficits in ADHD are due to core deficits, methylphenidate 

should be equally effective in attenuating emotion recognition deficits as 

core symptoms in ADHD. Of the studies that have investigated this, the 
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majority show only partial improvement in emotion deficits (Williams et 

al. 2008; Beyer von Morgenstern, Becker, and Sinzig 2014; Conzelmann et 

al. 2016). Williams et al. (2008) showed that despite normalisation of neu-

ral activity with methylphenidate, residual emotion deficits and negative 

mood persisted in ADHD suggesting that comorbidity could continue to 

cause emotion recognition deficits in those treated with methylphenidate. 

Beyer von Morgenstern et al. (2014) found improvement in happiness 

recognition but other emotion deficits remained significant. The authors 

suggest that emotion recognition deficits may persist despite treatment with 

methylphenidate because methylphenidate may not be potent enough to af-

fect all the areas of the brain associated with emotion perception. 

The amygdala is proposed to be the ‘emotion recognition centre’ of 

the brain as bilateral damage to the amygdala has been shown to lead to in-

ability to detect emotions (Adolphs et al. 1996; Adolphs 2001). The orbito-

frontal cortex is also important in the top-down regulation of emotion 

recognition (Kringelbach 2014). Functional imaging studies in ADHD 

have shown atypicalities in the limbic system, including hyperactivation of 

the amygdala to neutral faces when rating subjective fear (Brotman et al. 

2010). Orbitofrontal dysfunction has also been reported and may be associ-

ated with social cognition deficits in ADHD suggesting that there may be 

top-down regulatory impairments as well as specific limbic dysfunction in 

ADHD (Brotman et al. 2010; Soliva et al. 2009; Rommelse et al. 2011). 
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1.4.2 THEORY OF MIND AND EMPATHY 
 

Theory of Mind (ToM) 

ToM is perhaps the most well-known construct as it is believed to explain 

the social deficits in ASD (Baron-Cohen, Leslie, and Frith 1985). ToM is 

the ability to decipher mental states so that an individual can interpret 

what another person could be thinking or feeling. First-order ToM is un-

derstanding what a person may be thinking or feeling whereas, second-or-

der ToM is understanding what a person’s thoughts are relating to another 

person’s feelings and thoughts.  

The literature shows mixed results regarding ToM in ADHD with 

some studies reporting deficits in ToM (Buitelaar et al. 1999; Nyden, 

Hjelmquist, and Gillberg 2000; Caillies et al. 2014) and others showing 

normal abilities in ToM (Sharp, Fonagy, and Goodyer 2008; Charman, 

Carroll, and Sturge 2001). Differences may be due to individuals with 

ADHD exhibiting subtler deficits and could depend on first-order ToM 

versus second-order ToM testing (Uekermann et al. 2010; Caillies et al. 

2014). A recent meta-analysis by Bora and Pantelis (2006) showed that 

ToM deficits were more common in ASD than ADHD. Nevertheless, the 

effect size for ToM deficits were still moderate in ADHD (d=0.43) com-

pared to typically developing controls and, comparable in magnitude to 

emotion recognition deficits in ADHD compared to typically developing 

controls (Bora and Pantelis 2016) (Table 1.1). 

It has be argued that emotion recognition is a precursor to ToM, as 

emotion needs to be recognised in order to understand what someone is 
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thinking and feeling (Sommer et al. 2008).  Furthermore, by being able to 

read the expressions of others we are able to learn from their experiences 

(Kringelbach 2014). In children with ADHD, parents retrospectively report 

significantly less imitation at age 4–5 years than children without psychiat-

ric problems (Kochhar et al. 2011) and, as stated above, emotion recogni-

tion is impaired in ADHD. Taken together this would suggest that precur-

sors of ToM may be aberrant in ADHD, although even these precursors 

may be driven by basic level processes including poor visual attentional 

during development (D'Souza and Karmiloff-Smith 2017) . Furthermore, 

social cognitive abilities including theory or mind and emotion recognition 

have been linked to visuospatial abilities in ASD and ADHD (Buitelaar et 

al. 1999), suggesting visual attention measured by eye tracking could help 

extend the study of social cognition including emotion recognition.  

Empathy 

Empathy is the ability to put yourself in someone else’s shoes and to really 

feel and experience their emotional state as your own, not just to be able to 

recognise it. In order to have empathy one must have intact emotion recog-

nition and theory of mind (Baron-Cohen 2009). Thus, deficits in empathy 

could be due to deficits in poor emotion recognition and/or deficits in 

ToM and/or inability to feel another’s emotional state. Poor emotion 

recognition and ToM could thus be considered necessary precursors to 

having intact empathy. There is less literature on empathy compared to 

other social cognition deficits in ADHD  (Uekermann et al. 2010). How-

ever, understanding of its precursors including emotion recognition deficits 

will be the first step to elucidating deficits of empathy in ADHD. 
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1.4.3 SUMMARY  

In summary, there is a reasonable body of evidence to suggest that social 

cognition is impaired in ADHD. Emotion recognition is the most well 

studied social cognitive construct in those with ADHD, with effect sizes 

for emotion recognition deficits comparable to those with ASD (d=0.4).  It 

remains unclear whether social cognitive deficits in ADHD are secondary 

to core ADHD symptoms or due to co-occurring ASD symptoms. As emo-

tion recognition could be a necessary precursor to other social cognition 

deficits in ADHD, elucidating the relationship of emotion recognition defi-

cits between ADHD, ASD and comorbid ADHD+ASD could be an im-

portant step to improving understanding of social cognition in ADHD. In 

addition, emotion recognition is a basic process compared to ToM and em-

pathy which are more complex higher-order social cognitive processes. 

However, it is likely that emotion recognition as a basic cognition is de-

pendent on attentional processes which can be measured.  

 VISUAL ATTENTION  

In this section, a brief summary of attention and the use of eye tracking to 

measure visual attention is given and then a case made for the use of eye 

tracking as a potential method for studying visual social-emotional atten-

tion (VSA) in ADHD. 

Attention is defined as the preferential processing of some items to 

the detriment of others (Findlay and Gilchrist 2003). In 1990, Posner and 

Peterson proposed three attentional networks: alerting, orienting and exec-
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utive control, each with their own brain network and underlying neurobiol-

ogy (Petersen and Posner 2012). The alerting network is linked with vigi-

lance and associated with both tonic and phasic components. Tonic alert-

ness had been associated with the right cerebral hemisphere. The alerting 

network is associated with norepinephrine which is released from the locus 

coeruleus with nodes in the frontal cortex and parietal areas relating to the 

dorsal visual pathway (Petersen and Posner 2012). Orienting is defined as 

the shifting of attention to select information in the environment 

(Desimone and Duncan 1995; Amso and Scerif 2015). The orienting net-

work comprises the premotor cortex including the frontal eye fields with 

connections to the parietal cortex and dorsal visual pathway (Posner 2016). 

The ventral visual pathway is also involved in orientating of attention via 

the temporo-parietal junction. Acetylcholine is the neurotransmitter associ-

ated with orienting which is thought to be more bottom-up than the execu-

tive network which is related to top-down functions of attention. Top-

down effects of the executive network include sustained attention and 

switching of attention. The executive network includes cingulo-opercular 

and frontoparietal regions of the brain (Petersen and Posner 2012). 

Eyes can be described as a window to the mind and eye tracking can 

allow inferences to be made about where one is attending (Karatekin 2007). 

Indeed, Findlay and Gilchrist (2003) ague that vision is not a passive process 

but rather an active one made up of gaze shifts. Both overt attention (asso-

ciated with an eye or head movement) and covert attention (not associated 

with an eye or head movement) can be employed in visual attention includ-

ing visual orienting and scene perception (Amso and Scerif 2015; Findlay 
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and Gilchrist 2003). Eye movements are generated by the extra ocular mus-

cles of the eye to form saccades and the cerebellum is involved in the control 

of eye movements (Robinson and Fuchs 2001). Once a saccade has been 

made, a location is fixated and an image is generated onto the fovea of the 

eye where vision is most acute due to the predominance of cone cells. This 

process of saccades (ballistic eye movements) and fixations (stationary peri-

ods between saccades indicating where one is attending) can be captured and 

measured using eye tracking (Findlay and Gilchrist 2003).  Eye tracking 

measures eye movement dynamics during visual stimulus presentation using 

infrared eye tracker technology described in Chapter 2.  

Although eye tracking is not a direct measure of visual attention, it is 

suggested that saccades and attention occur in parallel to each other (Deubel 

2003) and thus, it could be feasible for eye tracking to be used as a marker to 

capture visual attention during facial emotion processing as an aid to char-

acterise social cognitive deficits in neurodevelopmental disorders. Further-

more, eye tracking is a relatively non-invasive technique of measuring eye 

movements accurately and precisely and as technology advances, more port-

able eye tracking methods are possible making eye tracking an attractive 

technique to use for children.  

One of the primary measures obtained from eye-tracking is the scan-

path. A scanpath is the execution of a particular sequence of eye move-

ments when a visual stimulus is processed (Noton and Stark 1971c, 1971b; 

Findlay and Gilchrist 2003). In particular, adults typically view a face stim-

ulus in a holistic way, configuring a scanpath over the eyes and mouth in 
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an inverted triangle (Noton and Stark 1971a). Scanpaths can however dif-

fer depending on stimulus complexity and the instructions given to partici-

pants when viewing a stimulus (Findlay and Gilchrist 2003; Karatekin and 

Asarnow 1999).  

Now, a case will be made for using eye tracking to investigate visual 

social-emotional attention in ADHD, in particular whether eye-tracking 

could help determine how emotion recognition is impaired in children with 

ADHD and if this impairment is qualitatively and quantitatively equivalent 

to that found previously in ASD. In the previous section, there was most 

evidence for aberrant emotion recognition in ADHD and emotion recogni-

tion deficits have been proposed as endophenotypes in ASD+ADHD as 

emotion recognition is more heritable than ToM which is also related to 

language ability (Rommelse et al. 2011). Sinzig et al. found that children 

with ADHD and ASD+ADHD had more emotion deficits than controls 

and they discussed that eye tracking while processing emotions would help 

elucidate these findings (Sinzig, Morsch, and Lehmkuhl 2008). Poor eye 

contact compared to controls has been found in a sample of ADHD with-

out a comorbid diagnosis of ASD (Kochhar et al. 2011) and eye tracking 

studies show abnormal eye tracking indices in ADHD (Karatekin 2007; 

Rommelse, Van der Stigchel, and Sergeant 2008). In particular, children 

with ADHD have reduced ability to inhibit a saccade to the disallowed lo-

cation on antisaccade tasks, reduced maintenance of fixation and sustained 

attention indicated by intrusive saccades and, variable and latent prosac-

cades towards a  visual stimulus (Rommelse, Van der Stigchel, and 

Sergeant 2008; Karatekin 2007). These findings are thought to be due to a 
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reduction in the ability to supress unwanted saccades and a primary failure 

in visual fixation; since basic eye movement control may be deviant, dys-

functions of frontal eye fields and the cerebellum may be implicated in 

ADHD (Gould et al. 2001; Rommelse, Van der Stigchel, and Sergeant 

2008). Effects with methylphenidate have variable results and a review by 

Karatekin (2007) points out that the majority of studies included partici-

pants of different ADHD subtypes and comorbid conditions and these 

were not always reported or analysed. 

Those with ASD have some difficulty with antisaccades and 

smooth pursuit movement when visually tracking a moving stimulus on a 

horizontal path, however prosaccade tasks suggest difficulty in disengaging 

fixation (Rommelse, Van der Stigchel, and Sergeant 2008). Thus, although 

eye tracking indices are deviant in both ADHD and ASD, findings suggest 

children with ADHD have difficulty maintaining fixation, whereas chil-

dren with ASD have difficulty disengaging fixation to non-social stimuli. 

Thus, visual attention to social-emotional stimuli could help to understand 

the basis of social-emotional deficits such as emotion recognition in 

ADHD and, whether these are similar or different from those in ASD. 

1.5.1 VISUAL SOCIAL-EMOTIONAL ATTENTION IN ADHD: A 

REVIEW OF EYE TRACKING STUDIES 
 

A summary of studies that have investigated visual social emotional atten-

tion in children and adolescents with ADHD are summarised in Table 1.2. 

All the studies used social emotional stimuli during eye tracking meeting the 

definition of visual social-emotional attention (VSA) in this Thesis. Six stud-

ies used emotional and/or neutral faces as stimuli (Marsh 2008; Muszkat et 
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al. 2015; Tsang 2016; Airdrie et al. 2018; Serrano, Owens, and Hallowell 

2018; Gliga et al. 2018), four studies used pictures containing people/social 

scenes (Karatekin and Asarnow 1999; Pishyareh et al. 2012; Pishyareh et al. 

2015; Frost-Karlsson et al. 2019) and two studies used a video containing 

people as stimuli (Tseng et al. 2013; Au - Tsang and Au - Chu 2018) . The 

studies also used a combination of different visual attention measures in-

cluding fixation indices to the whole stimulus and fixation duration to inter-

est areas within the stimuli as summarised in Table 1.2.  

Of the 12 studies included in Table 1.2, nine included children with 

ADHD and two included children with ASD+ADHD (n=3). Of the 12 stud-

ies, only two studies compared ASD with ADHD and three studies com-

pared ASD+ADHD with ASD. None of the 12 studies compared ADHD 

with ASD+ADHD, ASD and typically developing controls.  

 As shown in Table 1.2, three out of four studies that measured visual 

attention to emotional or neutral faces found atypical visual attention in chil-

dren with ADHD compared to typically developing children. Marsh (2008) 

used a combination of eye tracking measures to quantify visual attention, 

including fixation latencies relating to temporal and spatial measures to the 

whole face stimulus and, fixation duration to interest areas of the face (see 

Table 1.2). Marsh (2008) found increased variability in the distance between 

fixations and reduced fixation duration to whole face stimuli compared to 

typically developing children but, not to fixation latencies relating to interest 

areas eyes, mouth and nose. Muszkat et al. (2015) and Serrano et al. (2018) 

found reduced fixation duration to eyes and mouth of faces in children with 

ADHD compared to typically developing children however this finding was 
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not replicated by Airdrie et al. (2018) who only presented findings of fixation 

duration to eyes but not to the mouth. Overall findings from these studies 

suggest that visual social-emotional attention to faces is atypical in ADHD 

compared to controls when a combination of fixation latencies to the whole 

face stimulus and to interest areas e.g. eyes and mouth are measured.  

 Serrano et al. (2018) and Marsh (2008) also studied the association 

of emotion recognition accuracy and visual social-emotional attention but 

there are mixed findings. Serrano et al. (2018) found a significant association 

between increased fixation duration to interest areas (eyes and mouth) and 

emotion accuracy (r= 0.32; p<0.05). Serrano et al. (2018) also found a trend 

between fixation duration to interest areas (eyes and mouth) and teacher 

rated inattentive symptoms (r=-0.28; p<0.10). Marsh (2008) found no asso-

ciation with emotion recognition and atypical visual attention. As Marsh 

(2008) only used happy, sad and neutral faces rather than all six basic emo-

tions as stimuli, a lack of association could be due to reduced stimulus range. 

Due to the small number of studies and mixed findings, further clarification 

regarding the association between emotion recognition and visual social-

emotional attention in ADHD is required. 

 Karatekin et al. (1999) and Pishyareh et al. (2015) found reduced fix-

ation duration to pleasant and neutral pictures containing people during free 

viewing tasks in children with ADHD compared with controls. Pishyareh et 

al. (2015) found reduced fixation latencies to pleasant versus unpleasant pic-

tures, suggesting that emotional valence of the picture affects visual attention 

in children with ADHD.  Serrano et al. (2018) found highest effect sizes for 
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reduced visual attention to angry (d=-0.73) and scared faces (d=-0.50) in so-

cial scenes and, happy (d=-0.42) and angry (d=-0.38) face stimuli in children 

with ADHD. These findings suggest that atypical visual attention could be 

emotion specific in ADHD however, due to the difference in methodologies 

and small number of studies firm conclusions are difficult to make.   

 As described above, only two studies have compared visual social 

emotional attention in ADHD with ASD. Muszkat et al. (2015) found in-

creased fixation duration to the mouth in neutral faces in children with 

ADHD compared with ASD. Frost-Karlsson et al. (2019) found that time of 

first fixation to people in social scenes was slower in children with ASD 

compared with ADHD however, fixation duration was not different be-

tween the groups. These two studies suggest that visual social-emotional at-

tention could differ between ADHD and ASD however, supplementary 

measures to fixation duration such as first fixation time could possibly im-

prove differentiation amongst the groups when viewing social scenes.  

 Of the three studies that compared ASD+ADHD with ASD, signifi-

cant differences were not found using fixation duration to eyes and mouth 

in static faces (Tsang et al 2016). Differences amongst a child with ASD 

compared with ASD+ADHD were found qualitatively on the image of the 

case study scanpaths provided by Au-Tsang et al. (2018). Gliga et al. (2018) 

found differences between high risk infants for ASD versus ASD+ADHD 

using fixation re-entry counts to interest areas such as faces and non-social 

objects. No studies comparing visual social-emotional attention in ADHD 

and ASD+ADHD were found.  However, based on the findings in ASD and 

ASD+ADHD, visual social-emotional attention in comorbidity is likely to 
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require measurement of additional fixation indices to fixation duration in 

order to elucidate any underlying differences amongst the groups.   

 In summary, studies investigating visual social-emotional attention 

in children with ADHD suggest that visual attention could be atypical com-

pared with typically developing children. A combination of fixation indices 

to face stimuli and fixation duration to interest areas eyes and mouth showed 

significant differences amongst the studies using face stimuli. Emotion spe-

cific findings and correlation between visual attention and emotion recogni-

tion was only tested in two studies and both had differing results suggesting 

that further clarification is needed. One study differentiating visual social 

emotional attention in children with ADHD from ASD used additional fix-

ation measures to fixation duration including first fixation time to neutral 

social scenes. Only three visual social emotional attention studies using eye 

tracking comparing ASD and ASD+ADHD were found, one of which in-

cluded single case studies in children and, another was in high risk infants. 

No studies comparing ADHD with ASD+ADHD were found suggesting 

that further studies are needed to clarify visual social-emotional attention in 

ADHD compared with ASD and ASD+ADHD.  

 

 

 

 



    

Table 1. 2: Summary of studies investigating Visual Social-emotional Attention in ADHD  

Study 
 

Groups 
(size; age range) 

Task Visual attention measures Findings for ADHD 

Karatekin (1999) 
 

ADHD (n=30; age 9–19 years) 
Youth-onset schizophrenia 
(n=13; age 9–19 years) 
Controls (n=24; age 10–17 
years) 

Viewing static thematic pic-
tures (n=6) from children’s 
books. 

1) Total fixation duration  
2) Distance between fixations  
 

ADHD group had shorter fixa-
tions compared to control chil-
dren 

Marsh (2008)  
 

ADHD (n=42; age 12–18 years) 
 
First Episode Schizophrenia 
(n=20; age 13–25 years)  
 
Controls (n=37; age 12–25 
years) 

Implicit and explicit emotion 
processing of static neutral, 
sad and happy faces (1 trial of 3 
stimuli) versus Rey geometric 
figure in both conditions. 

Temporal 
1) Median fixation duration 
2)Total fixation duration  
3) Total fixation number  
Spatial  
1) Median distance between 
fixations  
2) Individual SD of distance be-
tween fixations  
3) Raw scanpath length  
4) Fixation scanpath length  
Fixation duration to interest 
areas (eyes, mouth, nose) 
compared to non-features 

Implicit task: ADHD had > SD 
of distance between fixation to 
neutral face compared to con-
trols.  
ADHD showed extended 
(longer) scanpaths to faces and 
greater dispersal of fixations to 
Rey figure compared to First 
Episode Schizophrenia.  
Explicit task: ADHD < median 
and total fixation duration to 
sad faces compared to control 
group. 

Pishyareh et al. (2012) 
 

ADHD (n=30; age 6–11 years) 
 
Controls (n=30; age 6–11 years) 

Free viewing of static paired 
emotional and neutral scenes 
from International Affective 
Picture System (IAPS). 

1)Duration of first gaze 
2) Duration and number of first 
fixation. 

Duration of first gaze was 
shorter for pleasant pictures 
and longer for unpleasant pic-
tures in the ADHD group.  

Muszkat et al. (2015)  
 

ADHD (n=15; mean age 9.4 
years, SD 2.3) 

Free viewing of static social 
stimuli neutral female, male 

Total fixation duration and 
number of fixations to interest 
area (eyes and mouth). 

ADHD > fixation duration to 
the mouth compared to other 
groups.  
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ASD (n=15; mean age 11.6 
years, SD 2.7);  
Controls (n=15; mean age 9.5 
years, SD 3.8) 

and dog faces. Control stimuli 
(cloud and plant). 

Both ADHD and ASD groups < 
fixation duration to the eyes 
compared to controls. 

Tseng et al. (2013)  
 

ADHD (n=21; mean age 11.19 
years, SD 8.3) 
Foetal Alcohol Syndrome (n=14; 
mean age 12.31 years, 2.1) 
Controls (n=18; mean age 10.67, 
years, SD 1.2) 

Free viewing of a video (20 
minutes containing several 
clips including people) 

Oculomotor based features 
1)distribution of saccade am-
plitudes 
2)fixation duration 
Saliency based features (pre-
dicted from computational 
model of visual salience) 
Group based features (gaze 
allocations based on norma-
tive group of young controls) 

Saliency based features cate-
gorised ADHD compared to 
controls.  
A combination of oculomotor, 
saliency and group based fea-
tures categorised ADHD com-
pared to Foetal Alcohol Syn-
drome.  

Pishyareh et al. (2015)  
 

ADHD (n=30; age 6–11 years) 
 
Controls (n=30; age 6–11 years) 

Free viewing of paired emo-
tional and neutral scenes from 
IAPS 

Total fixation duration, fixation 
count.  

ADHD < fixation duration and 
number of fixations to pleas-
ant versus unpleasant pictures  

Tsang et al. (2016)  
 

No ADHD group 
ASD (n= 11) 
ASD+ADHD (n=15) 
Controls (n=13)  
 
(age 7–12 years) 

Emotion identity, orientating 
and intensity rating on static 
emotional faces (negative, 
positive, complex, angry, fear, 
disgust, surprise) 

Total fixation duration in and 
out of interest area (eyes and 
mouth), number of fixation 
gazes in and out of interest 
area.  
Scanpath plots downloaded. 

ASD < controls for fixation du-
ration in interest areas.  
No significant results for 
ASD+ADHD group which had 
results between ASD and con-
trols groups.  
One scanpath plot for ASD 
versus control showed differ-
ing scanpath with inverted tri-
angular scanning of eyes and 
mouth in control group only. 
Did not report on scanpath 
plot for ASD+ASD group. 
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Au-Tsang et al. (2018)  
 

No ADHD group 
ASD (n=1) 
ASD+ADHD (n=1) 
Control (n=1)  
(age 7–9 years) 

Free viewing of social video. First fixation duration, total 
fixation duration and fixation 
count. 

Child with ASD+ADHD < fixa-
tion duration and counts and 
extensive (longer) scanpath 
than other groups. 

Airdrie et al. (2018)  
 

ADHD (n=36)  
ADHD + Conduct Disorder (CD) 
(n=27) 
Controls (n=41)  
(age 11–18 years) 

Static facial emotion recogni-
tion task (happy, sad, angry, 
scared, neutral faces), 60 trials. 

Fixation duration to the eyes, 
time to first fixation to the 
eyes. 

ADHD+CD < fixation duration 
to eyes than ADHD and con-
trols for all emotions. 
ADHD+CD > time to first fixa-
tion to eyes of neutral faces 
compared to ADHD & controls.  

Serrano et al. (2018)  
 

ADHD (n= 19; mean age 9.16 
years, SD 0.9) 
Controls (n=26; mean age 9.77 
years, SD 0.95) 

Static facial emotion recogni-
tion task (happy, sad, angry, 
scared, disgust, surprise and 
neutral faces) and emotion sit-
uation task  

Proportion of total fixation du-
ration on all interest areas 
(eyes and mouth) 

ADHD < proportion of fixation 
duration to interest area for all 
6 basic facial emotions and 
most of the emotion situa-
tions. 

Gliga et al. (2018)  
 

No ADHD group 
High risk for ASD (n= 26) 
High risk for ASD + ADHD 
(n=20) 
Low-risk infants (n=50) 

Array of social (faces) and non-
social stimuli (car, bird, phone 
and degraded face). 

Fixation duration to interest 
area (stimulus). Time to first 
fixation to the interest area 
and fixation re-entry counts to 
the specified interest area  

High risk for ASD > fixation re-
entry counts to previously vis-
ited interest areas compared 
to high risk for ASD+ADHD 
and low risk groups.  

Frost-Karlsson et al. (2019) 
 

ASD (n=23) 
Non-ASD (includes ADHD +/- 
dyslexia; n= 13) 
No typically developing control 
group 
 
(age 12.9–20 years) 

Free viewing of neutral social 
scenes. 

Fixation duration to social ar-
eas (people). 
First Fixation time to social ar-
eas. 
Pupil size to social areas. 

No difference in fixation dura-
tion but slower first fixation 
time to social areas in ASD 
group.  
No difference in pupil size in 
ASD but increase in pupil size 
to social versus non-social ar-
eas in non-ASD group.  



 
   

 

1.5.2 VISUAL SOCIAL-EMOTIONAL ATTENTION IN ASD COM-

PARED TO TYPICALLY DEVELOPING CONTROLS AND 

ADHD 
 

Although the primary focus of this Thesis is on visual social-emotional at-

tention (VSA) in ADHD, comparison with findings from ASD eye tracking 

literature will help to draw distinctions and similarities between the two con-

ditions. Studies investigating social cognition using eye tracking in ASD 

have shown varied results. However, overall studies have found that ASD 

participants fixate less on the eyes and more on the mouth when doing facial 

emotion recognition tasks compared to controls (Karatekin 2007; Spezio et 

al. 2007). ASD participants have been found to have more analytical rather 

than holistic processing compared to controls (van der Geest et al. 2002; 

Guillon et al. 2015) and scanpaths also are different in ASD with lack of 

triangulation between both eyes and mouth compared to controls (Pelphrey 

et al. 2002). 

Compared to the ADHD literature described in Section 1.5.1, there 

is extensive literature on visual social-emotional attention using eye track-

ing across development in ASD. Much of this literature has also been re-

viewed recently by several independent groups (Frazier et al. 2017; Black et 

al. 2017; Chita-Tegmark 2016; Guillon, Hadjikhani, Baduel, and Rogé 

2014; Falck-Ytter, Bölte, and Gredebäck 2013).  

The ASD reviews cited above show that eye gaze to the mouth can 

be inconstant across ASD studies. The majority of studies in the ASD liter-

ature however, do not take co-existing ADHD symptoms into account. As 
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stated in the previous section, Muszkat et al. (2015) (see Table 1.2) found 

that children with ADHD fixated more on the mouth and less on the eyes 

whereas the children with ASD looked less at the eyes only when looking 

at neutral faces. Also, Children with ADHD in Muszkat et al. (2015) had a 

higher IQ than the children with ASD so this could have confounded the 

findings. Furthermore, it has previously been proposed that children with 

high functioning ASD look more to the mouth (Klin et al. 2002) and less to 

the eyes unless there is language impairment (Norbury et al. 2009). This 

pattern of social versus communication and eye and mouth looking was 

corroborated by Falck-Ytter et al. (2010) who found social impairments on 

the ADI-R and SCQ were positively correlated with fixation to the mouth 

and negatively correlated with fixation to the eyes, whereas communica-

tion impairments had the opposite effect on mouth and eye looking. This 

highlights the importance of exploring the ASD symptom dimension pro-

file in children as this can have an impact on face processing. 

It has been known for some time that adults typically view a face in 

a holistic way, configuring a scanpath over the eyes and mouth in an in-

verted triangle (Noton and Stark 1971a). Although face processing typi-

cally develops into early adulthood (Haist and Anzures 2017), developing 

children as young as 4 years old have been shown to process faces holisti-

cally, showing a preference for upright rather than inverted faces (Pellicano 

and Rhodes 2003). Atypical scanpaths have been documented in ASD 

(Heaton and Freeth 2016; Liberati et al. 2017) and it has been postulated 

that this is due to disruption of the amygdala (Frazier et al. 2017; Weston 

2018). Liberati et al. (2017) found a reduced scanpath length in ASD. 
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Scanpath length could therefore be a dissociable eye tracking parameter 

among ASD and ADHD, as more extensive scanpath lengths have been 

seen in adolescents with ADHD viewing neutral faces (Marsh 2008) (see 

Table 1.2).  

In summary overlapping and dissociable findings in visual social-

emotional attention between those with ASD and those with ADHD from 

eye tracking studies in the literature include: 

1) Fixation duration to the eyes and mouth of the face have shown to 

be reduced in those with ASD and also reduced, albeit to a lesser 

extent in those with ADHD compared with typically developing 

control children.  

2) Latency to first fixation to social stimuli is increased in those with 

ASD compared to those with ADHD and typically developing con-

trols. 

3) Fixation scanpath length has been shown to be reduced in those 

with ASD compared to typically developing controls, suggesting a 

restricted scanpath in those with ASD. Conversely extensive scan-

paths to social stimuli have been found in those with ADHD com-

pared to typically developing controls. 

In ASD, other studies using data driven approaches, are taking ad-

vantage of machine learning and nodal networks to explore configurational 

processing of the facial features. Gullion et al. (2015) found that looking at 

right eye in the right hemi field versus the left eye in the left hemi field of 

the face stimulus from the viewers perspective  in ASD compared with 
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controls differed using nodal networks and, others (Amestoy et al. 2015) 

found that these changes differed in ASD children versus adults. Machine 

learning as a methodology is also being utilised to explore eye tracking as a 

potential screening tool for ASD (Wang et al. 2015). Making use of these 

data driven approached could also be helpful in distinguishing ASD from 

those with ADHD for the purposes of this thesis.  

 

 SUMMARY OF THE LITERATURE AND GAPS IN 

CURRENT EVIDENCE BASE 
 

In summary, there is a reasonable body of evidence in the literature that 

demonstrates that children and adolescents with ADHD have difficulties 

with social cognition. From the social cognition literature described in sec-

tion 1.4.1, there are a greater number of studies examining emotion recog-

nition deficits in ADHD with effect sizes comparable to emotion recogni-

tion deficits in ASD. It is unclear if emotion recognition deficits are due to 

ADHD core symptoms or secondary to ASD which is commonly co-occur-

ring in ADHD. ASD is defined by significant social communication defi-

cits and visual social emotional attention has been shown to be atypical in 

the literature described, albeit with some mixed findings. Eye tracking 

measures, indexing visual social-emotional attention classically include fix-

ation duration to interest areas such as emotional faces in the ASD studies.  

Compared to the ASD literature, which is well established, there are 

few studies investigating visual attention to social-emotional stimuli in 

ADHD. Emotion processing is associated with the amygdala and, control 
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of eye movements has been associated with the cerebellum. The amygdala 

and the cerebellum have been reported as atypical in ADHD, providing a 

neural basis for studying emotion recognition using eye tracking in 

ADHD. As summarised in Table 1.2, studies investigating visual social 

emotional attention in children with ADHD suggest that visual attention 

could be atypical compared with typically developing children. Due to the 

small number of studies (n=2) and mixed findings, the association between 

atypical visual attention and emotion recognition deficits requires further 

clarification.  

Direct comparison between visual social emotional attention in 

ADHD versus ASD was limited due to the number of combined studies 

(n=2) however, differences emerged when studies used a combination of 

social-emotional stimuli and fixation latencies. This could be because dif-

ferent variables give clues to underlying neuro-circuitry and cognitive pro-

cesses. As the literature on causal factors shows that several gene-environ-

ment interactions, neurotransmitters and neural networks are involved 

across development in ADHD; comparison with ASD likely increases this 

interplay.  Having different fixation latencies to social- emotional stimuli 

potentially has more power to draw out any differences in underlying 

neuro-circuitry between two complex heterogeneous developmental disor-

ders.  

Only three visual social emotional attention studies using eye track-

ing comparing ASD and ASD+ADHD were found which included single 

case studies in children and another was in high risk infants. No studies 

comparing visual social emotional attention using eye tracking in ADHD 
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with ASD+ADHD were found highlighting a gap in the literature. Ad-

dressing this gap may reveal important similarities and differences in visual 

social emotional attention between the disorders. This would allow for im-

proved understanding of visual attention in relation to emotion recognition 

deficits in ADHD, ASD and ASD+ADHD. This work could have future 

translational implication including better understanding of visual attention 

in emotion recognition deficits which could lead to potential new targets 

for treatment. Improved differentiation between the groups using visual at-

tention to social-emotional stimuli could also allow for visual social-emo-

tional measurement using eye tracking as a diagnostic aid in clinical assess-

ment in future.  

The importance of incorporating a developmental framework into 

interpretation of findings from complex neurodevelopmental disorders was 

highlighted by Karmiloff-Smith (1998; D'Souza and Karmiloff-Smith 

2017). Furthermore, the importance of comorbid symptoms of ASD and 

ADHD at different time points may also affect the outcome. If co-occur-

ring symptom severity and a complement of eye tracking measures are ex-

plored, then it is more likely that subtle differences may start to emerge 

along the developmental trajectory where compensation is continuously 

taking place. 
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 THESIS RESEARCH QUESTIONS AND AIMS 

The three main research questions of the Thesis are: 

1) Is there an association between emotion recognition deficits in 

ADHD and visual attention to social-emotional stimuli? 

2) Can visual attention to social-emotional stimuli clarify if emotion 

recognition deficits in ADHD are primary to ADHD or second-

ary to co-occurring ASD? 

3) Does visual attention, indexed by eye tracking differentiate 

ADHD, ASD and ASD+ADHD on emotion recognition and so-

cial processing tasks? 

The broad aim of the Thesis was to answer these research questions. This 

aim was addressed through complementary methodological approaches de-

scribed in the subsequent chapters. As there are few studies directly com-

paring visual social-emotional attention in ADHD, ASD and 

ASD+ADHD, the first method was to observe eye gaze patterns to emo-

tional faces in a subsample of children to characterise visual social-emo-

tional attention within each group. This observational method was used to 

begin to answer the questions of the thesis including the use of eye tracking 

to differentiate the groups. The second method was to investigate whether 

quantitative eye tracking measures to emotional faces in ADHD are associ-

ated with emotion recognition deficits on a prompted emotion recognition 

task, analyse any association of visual attention to emotional faces with 

clinical symptom severity and, compare visual social-emotional attention 
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amongst the groups. This second method, seeks to address the questions of 

the thesis on the association of visual attention to emotional faces on a 

prompted emotion recognition task; a commonly used task in the study of 

ASD. 

The third method includes the comparison of visual social-emo-

tional attention during free viewing of social scenes used in the ADOS 

amongst the groups and, analyses any association of visual attention to 

ADOS images with clinical symptom severity. The third method, seeks to 

address the questions of the thesis on the association of visual attention to 

social scenes from the ADOS and spontaneous emotion recognition diffi-

culties on the ADOS; a commonly used clinical tool in the assessment of 

ASD.  

  The fourth method includes comparison of visual attention, as a 

measure of social processing during free viewing of neutral faces amongst 

the groups and, analyse any association of visual attention to neutral faces 

with clinical symptom severity. The fourth method, seeks to address the 

questions of the thesis further on the association of visual attention to neu-

tral faces without emotional content and analyse if visual attention to neu-

tral faces is primarily associated with ADHD or ASD symptom severity.  

The final method is to analyse which visual social-emotional attention 

measures derived from the methodologies two, three and four best classi-

fied the groups in order to consider if visual social-emotional attention us-

ing eye tracking could show potential as a diagnostic aid in clinical assess-

ment. This final methodology seeks to comprehensively address the final 
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question of the thesis on the utility of visual social-emotional attention, in-

dexed by quantitative eye tracking measures to differentiate the groups. 

These methods are addressed in the subsequent chapters with the hypothe-

ses related to each method described within each chapter.  
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2 METHODS OF STUDY 1: CHARACTERIS-

ING VISUAL ATTENTION TO EMO-
TIONAL FACES IN ADHD AND ASD  

 

 OVERVIEW 
 

The methodology of the first empirical study testing emotion recognition in 

ADHD is described in this chapter. This chapter also includes the basic 

method for the eye tracking procedure used in the first study. 

At the time of writing this Thesis and as discussed in Chapter 1, 

there have been few studies directly comparing visual social-emotional at-

tention in ADHD, ASD and ASD+ADHD using eye tracking. This chap-

ter presents the description and characterisation of eye-tracking patterns to 

emotional faces in a subsample of children with ADHD, ASD, 

ADHD+ASD and typically developing control children. This chapter de-

scribes a novel observational coding framework to consider if certain view-

ing patterns are qualitatively different among clinical groups. Methods and 

preliminary machine learning results were presented to validate the obser-

vational coding method. In particular, this chapter begins to address the 

questions of this thesis, by exploring qualitative eye tracking patterns in-

cluding scanpaths to emotional faces to discover if visual social-emotional 

attention differs between the groups.  
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 METHODS 
 

2.2.1 PARTICIPANTS AND ETHICAL APPROVAL 
 

Participants were recruited as part of a larger study funded by The Water-

loo Foundation (grant number 981-1335) in the Division of Psychiatry and 

Applied Psychology at the University of Nottingham. The funded study 

was called SOCCA (Social Cognition in Children with ADHD) and was 

an electroencephalography (EEG) study investigating a gaze cue paradigm 

in children (Groom et al. 2017). A large proportion of the children re-

cruited to the SOCCA study also took part in this eye tracking study, inves-

tigating explicit facial emotion recognition in ADHD. 

Ethical approval for the study was given by the East Midlands Re-

search Ethics Committee (REC) (12/EM/0111), IRAS project number 

99018. After complete description of the study, written informed consent 

was obtained from parents. All children had an IQ ≥70 and verbal assent 

was obtained after an age-appropriate description of the study.  

A power calculation to estimate the number of participants required 

in each group was calculated using G*power software (version 3.1.9.2). In 

the literature, medium effect sizes (Cohen’s d=0.4-0.6) have been found in 

the ADHD group compared to the control group for fixation latencies to 

negative emotional faces (Marsh 2008; Serrano, Owens, and Hallowell 

2018). Similar effect sizes have also been documented in the ASD literature 

on visual social attention (Cohen’s d=0.4-0.5) (Chita-Tegmark 2016). Ef-

fect sizes were not presented by Marsh (2008) so, the effect size was de-

rived using G*power based on the mean, standard deviation and group 
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sample sizes provided by the author. Using G*power, 35-40 participants 

per group were calculated as required in order to detect a medium effect 

size, with 80% power and an alpha criterion of 0.05. As there are few stud-

ies that compare visual social-emotional attention amongst the clinical 

groups (ADHD, ASD and ASD+ADHD) it was more difficult to predict 

what effect size was required for the study to be adequacy powered in order 

to detect significant differences amongst the clinical groups. A projected to-

tal sample size of 140-160 (35-40 participants per group) was therefore 

based on the control group versus the pure group eye tracking literature 

and associated power calculation described above. 

 CLINICAL GROUP 

INCLUSION CRITERIA 

Children and adolescents aged 8–15 years with a clinical diagnosis of 

ADHD, ASD or ASD+ADHD were recruited from Child and Adolescent 

Mental Health Services (CAMHS) and community paediatric clinics in 

Nottinghamshire. Some children were also recruited from local autism and 

ADHD charities. Children from ASD and ADHD support groups were 

also informed of the study by the support group convenor. 

EXCLUSION CRITERIA 

Clinicians were asked to refer children without comorbid diagnosis of Tou-

rette’s syndrome or learning disability (IQ<70) or epilepsy. Children with 

visual problems (such as colour blindness) and hearing problems were also 

excluded. 
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COMORBIDITIES 

Children with comorbid mental health conditions including anxiety disor-

ders, mood disorders and conduct disorders were also included. Children 

with comorbid specific learning disorders including e.g. dyslexia or devel-

opmental coordination disorder were also included. 

MEDICATION 

Patients taking stimulant medication were asked not to take this medication 

on the day of the study. Patients taking ADHD non-stimulant medication 

such as atomoxetine were excluded due to its longer duration of action and 

those taking dexamphetamine were also excluded due to its low rate of pre-

scribing. Children on medication for sleep such as melatonin or taking Se-

lective Serotonin Reuptake Inhibitors (SSRIs) were also included. Children 

taking antipsychotics such as risperidone were excluded as this could poten-

tially affect our measures of interest and not be easily withdrawn. 

DIAGNOSTIC METHOD FOR GROUP ASSIGNMENT 

Diagnoses were confirmed or overturned by PK (an experienced clinical 

rater) after the Development and Wellbeing Assessment (DAWBA) tran-

scripts (Goodman, Ford, Richards, et al. 2000) and screening question-

naires were completed. Further details how DAWBA diagnoses were oper-

ationalised are given in section 2.2.2.3. Where diagnostic decisions were 

complex, clinical consensus with at least two child and adolescent psychia-

trists (PK and CH) took place. This included discussing all the information 

available (described in Section 2.2.2) making the final diagnoses based on 

the overall consensus. This methodology has been employed previously by 

PK and CH (Johnson et al. 2010b, 2010a) 
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 CONTROL GROUP 

Letters detailing the study were sent to families of children in primary and 

secondary schools in the Nottinghamshire region. From an initial sample 

who volunteered to take part, a group of controls matched pairwise for age 

(± 6 months) were selected. Those with significant ADHD or ASD symp-

toms on the Conners’ parent rating scale (T score > 65) or Social Commu-

nication Questionnaire (SCQ; total score > 15) were excluded from the 

study.  

2.2.2 SYMPTOM AND DIAGNOSTIC MEASURES 
 

Children were screened for ASD using the SCQ-lifetime version (Rutter 

2003). Children’s parents also completed the Social Aptitudes Scale (SAS) 

as part of the Development and Wellbeing Assessment (DAWBA) 

(Goodman, Ford, Richards, et al. 2000). In the clinical groups, all scales 

were rated when the child was off medication and the parent was asked to 

rate what their child was like when they were off medication in the last six 

months for all but the SCQ which also requires parents to comment on their 

child’s behaviour when they were aged 4–5 years old. 

 

 SOCIAL COMMUNICATION QUESTIONNAIRE (SCQ) 

The Social Communication Questionnaire (SCQ)-lifetime version, for-

mally known as the Autism Screening Questionnaire, was developed from 

the Autism Diagnostic Interview revised (ADI-R) (Lord, Rutter, and Le 

Couteur 1994) and is well validated (Rutter 2003; Charman et al. 2007; 
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Corsello et al. 2007). It is a 40-item, parent rated questionnaire and com-

prises 3 subscales: social reciprocal interaction domain, communication 

domain and, repetitive stereotyped behaviour domain. The SCQ was de-

signed to separate ASD from non-ASD diagnoses at all IQ levels, with a 

cut-off of 15 or more proving most effective, giving a sensitivity and speci-

ficity of 0.85 and 0.75 respectively (Berument et al. 1999). 

 SOCIAL APTITUDES SCALE (SAS) 
 

The Social Aptitudes Scale (SAS) is a 10-item scale that forms part of the 

Development and Wellbeing Assessment (DAWBA) and is a broad measure 

of complex interactive social skills. Parents are asked to compare their 

child’s behaviour across a range of situations to their peers. Scores can range 

from 0 to 40 and low scores have been shown to be associated with ASD in 

community samples (Liddle, Batty, and Goodman 2008). It should be noted 

that higher rates of difficulties on the SAS than the SCQ have been found in 

those with ADHD without a comorbid diagnosis of ASD in a clinical sample 

(Kochhar et al. 2011). Thus, the SAS taps into a broader range of current 

difficulties in social understanding and behaviour compared with the SCQ 

which is more closely related to core ASD symptoms in current and early 

development. A score of 12 or less on the SAS indicates difficulties in social 

functioning and necessitates that all items of the development Section (ASD 

diagnostic Section) of the DAWBA are completed.  
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 DEVELOPMENT AND WELLBEING ASSESSMENT 

(DAWBA) 
 

The Development and Wellbeing Assessment (DAWBA) is a structured in-

terview, which can be administered by interviewers to informants or com-

pleted directly online by parents, teachers or adolescents (11–17 years old) 

to generate DSM-IV and ICD-10 diagnoses. In this study, the DAWBA was 

administered by interviewers (PK and MS) to parents. The DAWBA pri-

marily measures emotional, behavioural and hyperactive disorders, alt-

hough less common disorders such as eating disorders are also covered. The 

DAWBA also has a developmental section covering ASD. The developmen-

tal section consists of 43 questions. However, the whole Section is only com-

pleted if scores on the SAS are 12 or less; if SDQ peer problems is 2 or more 

points higher than the pro-social score (see below for SDQ); or if the child 

continues to have problems in any of the 5 parts of question R6. Question 

R6 asks about concerns in the child’s first 3 years of life including speech 

development; getting on with people; pretend and make-believe play; odd 

rituals and habits that are hard to interrupt; and the ability to learn new 

things. 

All sections of the DAWBA parent interview generally takes be-

tween 1–2 hours to complete and may be shorter where appropriate using 

‘skip rules’ which enable sections to be shortened or skipped completely 

when screening questions indicate a particular disorder is highly unlikely. 

Where potential problems are highlighted, open ended questions are asked, 

which are transcribed verbatim. Data is collected online or subsequently 

entered into a computer, which generates a predicted diagnosis and forms 
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the starting point for the diagnostic group assignment and clinical consen-

sus (see above). DAWBA computer predictions are based on information 

from large studies of representative samples of children and young people 

from the general population (Goodman, Ford, Richards, et al. 2000). 

DAWBA computer diagnoses are operationalised based on the level of 

these predictions and in this study, computer predictions of 50% or more 

were considered for further rating by PK. The DAWBA computer diagno-

ses bring together the information from the structured questions based on 

DSM-IV and ICD-10 criteria and are not definitive but form a starting 

point for clinical rater(s) to confirm or overturn the diagnosis based on all 

the information including the open ended comments given by the inform-

ants (Goodman, Ford, Simmons, et al. 2000).   

 AUTISM DIAGNOSTIC OBSERVATION SCHEDULE 

(ADOS) 
 

All clinical participants were invited to attend an Autism Diagnostic Obser-

vation Schedule (ADOS) (Lord et al. 1989) as part of the research diagnostic 

assessment. Due to limitations in time, the ADOS took place on a separate 

day to the eye tracking testing.  Only a subset of the clinical participants 

(60%) consented to attend the second study day when the ADOS took place. 

The ADOS is an observational (cross-sectional) assessment of ASD requir-

ing the assessor to have research reliability accreditation (completed by PK) 

for standardised use in research studies. Module 3 or 4 of the ADOS was 

used depending on chronological age and verbal fluency of the participant. 

The assessment takes 45 minutes to complete and the child is observed doing 

14 tasks (e.g. description of a picture). The assessment provides scores in the 
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communication, reciprocal and social interaction and stereotyped behav-

iours and restricted interests domains. Based on cut-off scores, an ADOS 

classification of autism or autism spectrum is generated, which is used to 

help reach a research diagnosis in the clinical consensus.  

 CONNERS’ RATING SCALE 

Parents also completed the Conners’ questionnaire (Long Version) 

(Conners 1997). The Conners’ questionnaire (Long Version) was originally 

developed to measure medication response. The Conners’ questionnaire 

has 13 subscales. In order to be included in the ADHD group of the study, 

the T-scores on the Conners’ questionnaire had to be more than 1.5 stand-

ard deviations above the mean on the attention scale (this equates to T-

scores of more than 65). 

 STRENGTH AND DIFFICULTIES QUESTIONNAIRE 

(SDQ) 
 

Parents completed the Strength and Difficulties Questionnaire (SDQ) 

(Goodman 2001). The SDQ is a 25 item questionnaire with a 3-point scale 

(not true, somewhat true and certainly true) to measure emotional and be-

havioural difficulties in children. Five domains are measured (conduct, emo-

tions, hyperactivity, peer problems and prosocial behaviour), each using 5 

questions. With the exception of the prosocial scale, high scores are associ-

ated with problem behaviours. A total difficulties score is generated by cal-

culating the sum of all scales (with the exception of the prosocial scale). The 

SDQ can be used as a general measure of psychopathology, although the 



81 
 

hyperactivity subscale is often used in ADHD assessments. Participants re-

quired a hyperactivity score of more than 5 to be included (except on the 

teacher scale, since this is usually rated when the child is on medication). 

 WECHSLER ABBREVIATED SCALE OF INTELLIGENCE 

(WASI)  
 

All children completed an abbreviated intelligence test, Wechsler Abbrevi-

ated Scale of Intelligence (WASI) (Wechsler 1999), which is an abbreviated 

measure of IQ and takes around 20 minutes to complete. Two sections (vo-

cabulary and block design) enable performance, verbal and full-scale IQ to 

be generated. Any participants with a full-scale IQ of less than 70 were ex-

cluded from the study. 

2.2.3 EMOTION RECOGNITION TASK 
 

Children completed a facial emotion recognition task adapted from the 

Frankfurt test and training of social affect (FEFA) described by Bolte et al. 

(2002) and used by Sinzig and colleagues (Sinzig, Morsch, and Lehmkuhl 

2008). Photographs of 60 faces (in 3 blocks) representing the six basic emo-

tions (happy, sad, anger, disgust, fear and surprise) were presented sequen-

tially in random order on a computer screen. Standardised coloured photo-

graphs of adults from different racial origins were used from the NimStim 

face set (Tottenham et al. 2009) (see Figure 2.1 for details). 

 

Figure 2. 1: Example stimuli used in facial emotion recognition task 
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During each trial, after fixating on a central fixation cross for 

500ms, the emotional face image would appear in the centre of the screen 

for 4500ms. After this 5000ms time lapse, the 6 emotional word options 

were presented immediately below the face image and, the participant was 

requested to match the emotion depicted by the image to one of the 6 emo-

tional word options, using a games controller (Figure 2.2). 

 

Figure 2. 2: Facial emotion recognition condition 

 

After a short break, the children were shown 36 images (in two 

blocks) of ‘eyes only’ (taken from the same NimStim face set but images of 

different people were used compared to the face condition; Figure 2.3). 

 

 

Figure 2. 3: Example stimuli used in the ‘eyes only’ emotion recognition 

condition 
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Again, these images of ‘eyes only’ depicted the 6 basic emotions 

and children were required to match these to the corresponding emotion by 

selecting one from 6 word options presented immediately below the ‘eyes 

only’ on each trial, using the games controller. Each ‘eyes only’ emotion 

image was presented sequentially in a random order as described for the 

emotional face images. 

2.2.4 EYE TRACKING PROCEDURE 
 

While children completed the emotion recognition tasks, their eye move-

ments were captured using the Cambridge Research Systems (CRS) eye 

tracker which has a sampling rate of 250Hz, a resolution of 0.05 degrees 

and an accuracy of 0.125–0.25 degrees (CRS 2006). This is a non-portable 

set up and the eye tracking apparatus includes a high speed camera and an 

infrared mirror. The participant rests their chin on a chin rest at a fixed 

point from the computer screen which displays the visual stimulus (Figure 

2.4). The laboratory eye tracking room had no natural light allowing the 

lighting in the room to be kept constant during the eye tracking procedure.  
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Figure 2. 4: Cambridge Research Systems eye tracker apparatus setup  

a) Eye tracker high speed camera and infrared mirror; b) chin rest  

 

The eye tracking took place in the Institute of Mental Health labora-

tory at the University of Nottingham. The viewing distance was 70 cm 

from the computer screen displaying the visual stimulus and, the screen 

size was 38cm wide x 30cm height (resolution 1280x1024 pixels). Prior to 

the task the children underwent a 20-point calibration on the eye tracker 

and were given a test run to make sure they understood the task. Prior to 

each emotional face stimulus appearing on the screen, the children were re-

quired to fixate on a central cross for 500ms to make sure their start posi-

tion was the same at the beginning of stimulus onset. The emotional face 

stimulus (5cm wide x 6.5cm height) was present on the screen for 4500ms 

to allow free viewing of the face, after which options appeared at the bot-

tom of the screen for an emotion to be selected. The task was programmed 
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on MATLAB R2012 (MathWorks, UK). Eye tracker variables for fixation 

position (x and y co-ordinates and degrees) and pupil size were measured 

over time. Reaction time, emotion recognition scores for faces and eyes 

only were recorded on each trial during the eye tracking procedure. Of the 

44 participants tested, one participant from the ADHD group was unable 

to complete the calibration and eye tracking tasks so eye tracking data was 

not available for this participant. 

2.2.5 DATA EXTRACTION 
 

The eye tracking and behavioural variables for each participant were ex-

tracted into an excel spreadsheet using MATLAB. A fixation was defined 

with a minimum duration of 500ms for the purposes of the observation of 

eye gaze described in this chapter. Firstly, each fixation over the emotional 

face stimulus was displayed over the whole trial time so that the fixations 

could be observed over space and this was termed static patterns of eye 

gaze. The static patterns of eye gaze informed the initial observation on 

four case studies described below. Secondly, each fixation over the emo-

tional face stimulus was displayed over time so that the fixation sequence 

pattern over time and space could be observed and this was termed dy-

namic patterns of eye gaze.  Static and dynamic patterns of eye gaze were 

extracted and displayed on-screen using purpose-built MATLAB scripts. 

These scripts were designed to display the eye-tracking patterns on each 

trial, for each participant, so that the eye gaze patterns could be observed 

and a coding framework established by the experimenter (described in sec-

tion 2.2.6). 
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 CASE STUDIES 
 

The first child recruited from each group (typically developing control, 

ADHD, ASD, ASD+ADHD) was used as a case study to form the initial 

observation from static eye gaze patterns. Each fixation was represented by 

a blue circle and was superimposed on the emotional face stimulus  to pro-

duce a map of the child’s eye gaze on the photo of the face as shown in the 

examples in Figure 2.5a)-d). The static eye gaze patterns were observed 

separately for each trial (n=60) for the 4 case studies.  

 

 

 
Figure 2. 5a-d): Case examples of static eye gaze patterns in one trial  

The left eye refers to the eye in the left hemi space of the face stimulus and, conversely the 

right eye is the eye in the right hemi space of the stimulus. Blue circles represent a single 

fixation (minimum duration of 500ms) 
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On observation, the control participant’s static eye gaze patterns to 

the face stimulus shows that the blue fixation circles appear to coalesce 

around both eye areas, the mouth and the nose (see Figure 2.5a)) In Figure 

2.5b), the participant with ADHD is observed to have blue fixation circles 

that appear to be more spread out on observation over the photo. The fixa-

tion circles are observed to coalesce somewhat on the eye in the left hemi-

space and the mouth. There are also fixation circles over the person’s hair 

and background behind the face. On observation, the static eye gaze pat-

terns for the participant with ASD shows that the blue fixation circles ap-

pear to coalesce around the mouth and the nasal bridge (see Figure 2.5c). 

In Figure 2.5d), the participant with ASD+ADHD, is observed to have 

blue fixation circles that appear to coalesce around the mouth and the na-

sal bridge. The fixation circles also appear to be spread out over the bottom 

half of the photo.  

These observed static patterns of eye gaze fixations shown on the 

single trial for each case study were observed to be similar over several tri-

als within each of the four case studies.  Although these static eye gaze pat-

terns from the four case studies illustrate some potential spatial eye-track-

ing patterns, they do not provide much information about the sequence or 

timing of these eye gaze patterns. For this, a dynamic representation is re-

quired.  
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2.2.6 OBSERVATION OF DYNAMIC EYE GAZE AND CODING 

FRAMEWORK 
 

In order to gain a deeper understanding of the timing and sequence of fixa-

tions over the emotional face stimulus amongst the groups (ADHD, ASD, 

ASD+ADHD and Controls), dynamic eye gaze patterns were observed 

and a coding framework was developed. This coding framework develop-

ment included a protocol for predicted diagnostic group allocation. Com-

pared to the static eye gaze patterns from case studies described in the pre-

vious section, dynamic eye gaze observation was conducted blind to diag-

nostic status of the participant.  Using excel, a subset of children (n=33) 

were randomly selected and the observation, coding and initial analysis 

based on the protocol was completed blind to group allocation.  

Observation of dynamic eye gaze was completed using a purpose-

built MATLAB script; fixations were plotted in time and space over each 

emotional face stimulus presented during the emotion recognition task. 

The MATLAB script provided a slowed down version of the fixation pat-

terns (like a short video) and PK viewed the dynamic eye gaze patterns for 

the randomly selected subset of participants (total of 1980 trial videos as-

sessed).  

During the observation, transcript notes were made on the common 

themes of eye gaze patterns that emerged for that participant. For example, 

the sequence of fixations on core facial features such as the eyes and the 

mouth, the sequence of fixations over other areas of the face stimulus and, 

how quickly and far apart the fixations appear. These themes were grouped 
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into models and the most common models during the observation were in-

cluded in the coding framework.  The coding framework was developed 

based on observations of dynamic eye gaze blind to group allocation, static 

eye gaze patterns from the four case studies described in the previous sec-

tion and, the literature of visual social-emotional attention in ASD, ADHD 

described in Chapter 1. The developed coding framework then acted as an 

initial protocol for a predicted group allocation.  

By the end of the dynamic eye gaze observation for each partici-

pant, a proposed group allocation was made in accordance with the ob-

served common themes and models that emerged and, the subsequent cod-

ing framework protocol that related to those models. The first stage of the 

group predictions was based on proposed control versus clinical status. For 

example, if the fixations were over core features (eyes and mouth) of the 

face, this would indicate a potential typically developing control based on 

the coding framework. If however, the fixations were more widely spread 

and appeared quite fast over non-core features of the face, a potential clini-

cal case status was predicted based on the coding framework.  If a clinical 

status was predicted, a second stage of predictions was made proposing the 

specific clinical group status (ADHD, ASD or ASD+ADHD) based on the 

coding framework. Details of the coding framework are provided in the re-

sults (section 2.3.1). The appendix provides transcripts from four of the 

participants to give further examples of the observation and coding frame-

work procedure for the control and the clinical groups (A.II).  One child 

from the ADHD group had to be excluded from this analysis as fixation 
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was poor and time spent on the screen was too low for the variables in the 

protocol to be reliably generated. 

 In order to assess the prediction of proposed group allocation from 

the developed coding framework, chi squared was calculated based on this 

predicted group versus the actual group status. Statistical analyses were 

conducted using SPSS Version 22 (IBM©).The first chi squared analysis 

was based on clinical versus control group status from the initial coding 

framework protocol. Those cases that were misclassified were re-examined 

by checking their detailed notes from the transcripts during the blinded ob-

servation (examples provided in the appendix A.II). The protocol was then 

revised un-blind to actual group status. A second chi squared analysis was 

conducted based on predicted group and actual group status as described 

above.  A description of the observational coding subsample is provided in 

Section 2.3. Group differences for the demographic and clinical scores 

were calculated using univariate ANOVA. Post hoc tests were carried out 

to allow for multiple comparisons. Levene’s test of variances determined 

Tukey and Games-Howell post hoc tests.  

 

2.2.7 MACHINE LEARNING  
 

In order to validate the observational coding framework and predicted 

group results, machine learning was undertaken on the whole dataset 

(n=43). Demographics for the whole dataset are presented in Section 3.4.1. 

PK informed on the approach based on observation and coding framework 

by guiding the possible spatio-temporal eye- gaze patterns that were loaded 
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into the machine-learning algorithm. Data models were then processed in-

dependently by an expert in machine-learning, reducing any potential ob-

server bias and improving validity via automation. 

The eye tracking dataset was explored via a dynamic sequence 

model using MATLAB. This resembled the dynamic eye gaze patterns, 

providing a sequence of fixations over specified facial features. This model 

aimed to find discriminative sequences which frequently occurred in one 

diagnostic group but rarely occurred in other diagnostic groups. These se-

quences were defined as code word indices, whereby a sequence on the 

codes labelled 1–11 denoted a code word (see Figure 2.6). For example, the 

dynamic sequence of fixations over the codes 3463, denotes a fixation se-

quence on the left eye, then the right eye, then the mouth and then the left 

eye. The codes represented specific location of the facial features (forehead, 

left eye, right eye, the nose, mouth, etc.). The codes were selected such that 

they are located at the centre of these facial features, to make the sequences 

more interpretable. Codes were created based on the x and y positions of 

the fixations extracted from the eye tracking procedure described in Section 

2.2.4. The 10 most frequently occurring sequences found for each group 

were used to compute a feature vector for each subject. The frequency 

count of each selected sequence in each subject determined the prevalence 

of the corresponding feature for that subject. 

Sequence mining to discover frequent sequential patterns was per-

formed on the eye tracking data from all the emotional faces. Only fixated 

positions (minimum fixation duration of 200ms) were used in the analysis. 

Consecutive repeated code words were merged into a single occurrence of 
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that word for example 1111225444 became 1254 (Figure 2.6). Only se-

quences which were of a length greater than 2 and those which had all 

unique elements with no elements repeated, were selected. The sequences 

were produced from the first 4 codes. Discriminative sequences were 

mined for each group separately. A score was computed for each sequence 

representing the accuracy obtained if only the presence of that specific se-

quence is used for classifying the subject into one and the rest of the 

groups. These scores were used for selecting the most frequently occurring 

10 sequences for each group. 

 

 

Figure 2. 6: Codes for dynamic sequencing 

Each blue circle represents a code. Each code is denoted by a number (1–11) based on the 

position over the emotion face image. The dynamic sequence is defined by the order of 

codes (code word indices). 

 

Machine learning models were trained based on feature vectors com-

puted from the 10 most frequently occurring sequences found for each 
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group. Feature vectors were computed by counting how many times a se-

quence occurred for each subject. The resultant 40-dimensional feature vec-

tor representing each subject was created (based on the 4 codes within each 

of the 10 most frequently occurring sequences). An additional feature vec-

tor for ‘scatter of eye gaze’, based on the distance of fixation from the cen-

tral fixation cross of the image was generated. Specifically, the ‘scatter of 

eye gaze’ was computed by calculating the standard deviation of the x and 

y locations. 

These classification models were trained using SVM (Support Vector 

Machines) and KNN (K–Nearest Neighbours). To evaluate performance, 

the models were trained (including sequence selection) and tested using a 

leave-one-subject-out protocol in which one subject is used for testing and 

the rest of the subjects were used for training. This process was then re-

peated for each subject and the overall classification score was obtained by 

averaging over each test subject as described by Jaiswal et al. (2017). The 

model predicted (using the leave-one-subject-out approach) each case to be-

long to one of the groups (e.g. ADHD versus ASD+ADHD). The accuracy 

was then calculated as: accuracy=(number of cases correctly predicted)/ 

(total number of cases). 

 

 RESULTS 

A description of the subsample for observational coding is presented in Ta-

ble 2.1. As shown in Table 2.1, groups were well matched for age (F (3, 

29)=0.73, p>0.05, ηp2=0.07) and there was a male predominance in all 
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groups (F (3, 29)=0.41, p>0.05, ηp2=0.04). Groups differed in mean IQ (F 

(3, 29)=3.94, p<0.05, ηp2=0.29) with significantly lower scores in the 

ADHD group (p<0.05) compared to the control group. The groups differed 

significantly on SCQ (F (3, 29)=30.26, p<0.001, ηp2=0.76) with significantly 

higher scores in the ASD group (p<0.01) and ASD+ADHD group (p<0.001) 

compared to control group. Groups differed significantly on SAS (F (3, 

24)=21.00, p<0.001, ηp2=0.72) with significantly lower scores in all three 

clinical groups (p<0.001) compared to control group.  

Groups differed significantly on the Conners’ DSM-IV IA T-score (F 

(3, 27)=34.78, p<0.001, ηp2=0.79) with significantly higher T-scores in all 

three clinical groups compared to control group (p<0.01). Conners’ DSM-

IV IA T-scores were significantly higher in the ADHD group (p<0.01) and 

ASD+ADHD group (p<0.01) compared to the ASD group. Groups also dif-

fered significantly on the Conners’ DSM-IV HI T-score (F (3, 27)=47.10, 

p<0.001, ηp2=0.84) with significantly higher T-scores in all three clinical 

groups compared to control group (p<0.05). Groups also differed signifi-

cantly on the Conners’ DSM-IV Oppositional T-score (F (3, 27)=12.66, 

p<0.001, ηp2=0.59) with significantly higher T-scores in the ADHD group 

(p<0.001) and ASD+ADHD group (p<0.01) compared to control group.



    

Table 2. 1: Demographic and clinical characteristics of the subsample for observational coding (n= 33)  

           Group            Group effect  

ADHD 
 (n=5)* 

ASD  
(n=7) 

ASD+ADHD 
(n=7) 

Controls 
(n=14) 

F p-value Group differences 
(post-hoc) 

Mean age in years  
(SD; range) 

11.21 
 (1.93; 
9.16- 
13.76) 

11.98 
(1.49; 
10.03-
14.64) 

12.78  
(2.14;  
9.22- 
15.66) 

12.36  
(1.96;  
9.88- 
15.76) 

0.73 p>0.05 n/s 

Gender % male  
(n male) 

80.0% 
(4) 

85.7% 
(6) 

100.0% 
(7) 

85.7% 
(12) 

0.41 p>0.05 n/s 

Mean FSIQ 
 (SD; range) 

95.40  
(12.58; 
79.00- 
108.00) 

107.14 
(8.11; 
94.00-
116.00) 

99.29  
(13.02; 
84.00- 
118.00) 

111.64  
(9.67; 
95.00-
127.00) 

3.94 p<0.05 Controls > ADHD c  
 

Total SCQ  
(SD; range) 

13.00  
(9.00; 
2.00-
26.00) 

20.57 
(8.00; 
5.00-
30.00) 

24.14  
(4.95; 
16.00- 
30.00) 

2.57  
(2.17; 
0.00- 
7.00) 

30.26 p<0.001 Controls < ASD  b / ASD+ADHD a   

 

SAS  
(SD; range) 

10.40 
(6.35; 
4.00-
18.00) 

7.29  
(6.26; 
0.00-
16.00) 

5.86 
(2.67; 
3.00- 
10.00) 

24.56 
(5.64; 
15.00-
33.00) 

21.00 p<0.001 Controls > ADHD / ASD / ASD+ADHD a  

Conners’ IA T score 
(SD; range) 

79.20 
 (7.33; 
70.00-
90.00) 

62.14 
(8.49; 
52.00-
77.00) 

75.44 
(6.43;  
66.00- 
86.00) 

47.58 
(6.46; 
40.00-
60.00) 
 
 

34.78 p<0.001 Controls < ASD  b / ASD+ADHD / ADHD a 

ASD < ADHD  / ASD+ADHD b 
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Conners’ HI T score 
(SD; range) 

89.40  
(1.34; 
87.00-
90.00) 

72.57  
(13.79; 
54.00-
90.00) 

83.57 
(8.22;  
68.00- 
90.00) 

47.58  
(4.17; 
43.00-
54.00) 

47.10 p<0.001 Controls <  ASD c / ADHD / ASD+ADHD a 

 

Conners’ OD T score 
(SD; range) 

81.80 
(8.11; 
72.00-
90.00) 

71.43 
(18.30; 
49.00-
90.00) 

71.43 
(10.47;  
61.00- 
89.00) 

49.00  
(8.00; 
39.00-
64.00) 

12.66 p<0.001 Controls < ADHD a /ASD+ADHD b 

 

Oppositional and Con-
duct Disorders 

3 4 3 0 - n/a - 

Emotional Disorders† 0 1 3 0 - n/a - 

FSIQ Full Scale Intelligence Quotient (WASI); SAS Social Aptitudes Scale (≤ 12 is suggestive of ASD); SCQ Social Communication Questionnaire (≥ 15 suggestive 

of ASD); Conners’ Parent IA (Inattentive); HI (Hyperactive-Impulsive); OD (Oppositional) T scores (≥ 65 suggests difficulties in these areas). Rating scale scores 

shown are parent rated. †Emotional Disorders include general anxiety disorder, mild depressive episode, obsessive compulsive disorder or specific phobia. Note: 

participants could have more than one disorder. Emotional, oppositional and conduct disorders were based on DAWBA computer diagnoses and confirmed by clinical 

rating as described in methods section (2.2.2.3). *1 child from the ADHD group was not included in the observational coding analysis due to poor fixation to the 
screen. 1 child in the ADHD group could not complete the calibration so could not complete the task (as described in Section 2.2). ap<0.001; bp<0.01; cp<0.05 

 



 
   

2.3.1 DEVELOPING AN OBSERVATIONAL CODING FRAMEWORK  
 

Themes and models that emerged from the observation were noted and a 

coding framework was developed (example transcripts from four partici-

pants for the observation and coding framework are available in the appen-

dix (Section A.II). 

 

Important themes generated from observation of dynamic eye gaze: 

1) Core features of the face where most time is spent fixating 

 Core features include the mouth, right and left eyes. For the pur-

poses of this Thesis, the left eye refers to the eye in the left hemi 

space of the face stimulus and the right eye refers to the eye in the 

right hemi space of the face stimulus from the perspective of the 

viewer.  

2) Shapes and patterns generated by viewing core features of the face 

These can include: 

 Fixating on the left eye and then the right eye and then the mouth 

and back to the left eye to produce an upside-down triangle (see 

Figure 2.7a); 

 Fixating on the left eye, then the mouth and then the right eye to 

produce a V shape in the pattern of fixations (see Figure 2.7b); 

 Fixating on the left eye and then mouth to produce a single, linear 

pattern (see Figure 2.7ci) 
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3) First features viewed 

It would be useful to include areas e.g. left eye area to include left 

eye and eye brow rather than separately due to fixation patterns ob-

served. Is fixating on the left eye a lot indicative of being a control 

or not having ASD? 

4) Other non-core face features that were viewed  

These non-core features include other facial features (not eyes and 

mouth) for example wrinkles in nose, forehead and raised eyebrows 

(facial muscles). 

Natural distractors outside of the face that were viewed, for exam-

ple hair, beard, pointy ears, bald head. 

6) Time spent in quadrants of the face  

Upper versus lower quadrants for example, some children spent 

very little time in the upper quadrant which includes the eyes and 

this may suggest ASD or poor performance on the task. 

7) Amount of ‘scatter’ on the eye gaze observation 

Increased ‘scatter’ looks like fixation circles all over the place, with 

these fixations not coalescing or overlapping on core features of the 

face (see Figure 2.9a). Fixation circles appeared very fast and cov-

ered a larger area much quicker. How much scatter is too much and 

indicative of ADHD? 

8) ‘Off task’  

There was some suggestion that the participants could be ‘off task’ 

e.g. fixations outside the photo as trials go on, may signify distracti-

bility, fatigue or lack of vigilance. One child started doing this at 
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trial 30 (half-way through the task). One could hypothesise that this 

would happen earlier in ADHD and later in pure ASD? 

9) Heterogeneity or variability of gaze  

Sometimes children ‘triangulate’ but other times their eye gaze, in-

dexed by blue fixation circles goes ‘off’ the photo. Could this be sug-

gestive of pure ADHD with variable attention? 

10) Developing group profiles 

When observing the dynamic eye gaze, it was possible to get a po-

tential control versus clinical profile of eye gaze within the first few 

face stimulus trials. For differentiation between the pure and comor-

bid groups, it takes more than 20 trials and so it was much more 

time consuming. 

Models of face scanning generated by above themes: 

Models of dynamic eye gaze that were generated by the themes during ob-

servation are shown in Figure 2.7. Model 1 includes the three fixation se-

quence patterns between the core features of the face. The ‘upside down tri-

angle’ which includes fixations over the left eye moving to the mouth, 

moving to the right eye and then back to the left eye (as shown in Figure 

2.7a). The ‘V-shape’ includes fixations over the left eye, moving to the 

mouth and then moving to the right eye (as shown in Figure 2.7b). The 

‘linear shape’ include fixations over one core feature moving to another 

core feature for example the left eye to the mouth (as shown in Figure 

2.7ci).  
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 Model 2 includes fixations moving across quadrants of the face (as 

shown in Figure 2.8a). Model 3 includes fixations moving across the hori-

zontal zones of the face (as shown in Figure 2.8b). Model 4 includes the 

‘scatter’ of fixations over the face stimulus with increased ‘scatter’ of fixa-

tions being more widely spread across the face stimulus and moving across 

the face stimulus quickly (Figure 2.9a). Conversely, reduced ‘scatter’ of fix-

ations include fixations that are close together, coalescing and appearing as 

individual fixations more slowly over the face stimulus (Figure 2.9b). 

  
 

Figure 2. 7: Model 1 Fixation patterns between core face features  

a) Upside down triangle includes fixation between LE, M, RE and back to LE, b) V-Shape 

includes fixation between LE, M and RE c) Linear shapes include fixations between ci) 

LE and M; cii) M and RE; and ciii) LE and RE (Left Eye (LE), Mouth (M), Right Eye 

(RE). The left eye is the eye in the left hemi space, the right eye is the eye in the right hemi 

space of the stimulus from the perspective of the viewer. 
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Figure 2. 8: Model 2 and Model 3 Fixations moving across the face 

a) Model 2: Moving across quadrants of the face; b) Model 3: Moving across horizontal 

zones of the face. Upper Left Quadrant (ULQ); Upper Right Quadrant (URQ); Lower 
Left Quadrant (LLQ); and Lower Right Quadrant (LRQ). 

 

 

Figure 2. 9: Model 4 ‘Scatter’ of fixations  

a) Increased ‘scatter’ occurs when fixation circles shown in blue move very fast, are far 

apart and do not tend to overlap, b) Reduced ‘scatter’ occurs when fixation circles shown 

in blue are slower to appear, overlap and coalesce. 

 

 CODING FRAMEWORK 

During the observation of dynamic eye gaze, the models which occurred 

most frequently were Model 1 (fixation patterns between core features) and 

Model 4 (amount of ‘scatter’ of fixations). Models 1 and 4 were used to de-

velop a coding framework protocol to aid group classification based on ob-

served dynamic eye gaze. The coding framework protocol incorporated el-

ements from both Models 1 and 4 and was characterised by the following: 
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1) Patterns of eye gaze to core face features (triangulations, V-shape, 

linear or none); 

2) ‘Scatter’ of dynamic eye gaze, includes speed and distance of fixa-

tions (increased or reduced).  

Predicted group designation 

Group predictions were based on the observed participant trials being as-

sessed on the coding framework above, static eye gaze patterns from case 

studies (section 2.2.5.1) and the literature review in Chapter 1 as follows: 

1) Control group: fixations to the core facial features (eyes and mouth) 

were triangulations and V shape patterns. Fixations showed re-

duced ‘scatter’ and a greater tendency to fixate on core feature of 

the face (eyes mouth) than non-core features (e.g. forehead, chin). 

2) Clinical group: more linear fixation patterns, fewer triangular or V-

shaped fixation patterns over core facial features. A greater ten-

dency to fixate on non- core features compared with core features. 

Fixations have increased ‘scatter’ over the face stimulus: 

a. ADHD group: some linear patterns of fixation between core 

facial features and increased ‘scatter’ of fixations over the 

face stimulus.  

b. ASD group: few fixation sequence patterns between core fa-

cial features and more fixations to on non-core features of 

the face. Reduced ‘scatter’ of fixations over the face stimu-

lus.  
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c. ADHD+ASD group: few fixation sequence patterns between 

core facial features and more fixations to on non-core fea-

tures of the face. Increased ‘scatter’ of fixations over the face 

stimulus. 

2.3.2 APPLICATION OF THE CODING FRAMEWORK   
 

As stated in section 2.2.6, while the observation of dynamic eye 

gaze was completed, transcript notes were generated based on the themes 

and models that emerged for each participant. Once the observation of dy-

namic eye gaze was completed, the written transcripts were reviewed and 

the predicted group was designated based on the clinical coding framework 

protocol presented in the previous section.   The initial analysis for the pre-

dicted groups are shown below. This was calculated by comparing the pre-

dicted group (based solely on the blinded gaze analysis above) to the actual 

group.  

 INITIAL ANALYSIS 

Initially, the coding framework protocol was assessed to see if clinical cases 

could be separated from control cases based on the dynamic eye gaze pat-

terns. Table 2.2 shows the chi squared results when the initial coding 

framework protocol was applied to the participants, in order to generate a 

proposed clinical versus proposed control case status. This procedure cor-

rectly classified 17/19 (89.5%) of the clinical group (χ2(1)=5.3, p<0.05) 

however, only  6/13 (46.2%) of the control group was correctly classified 

(see Table 2.2).  
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Table 2. 2: Initial analysis for clinical and control groups 

*χ2(1)=5.3, p<0.05 

 

 REVISED PROTOCOL 

 

Once the blinded analysis was completed, those that were misdiagnosed 

using the initial coding framework protocol were checked by examining 

the thematic notes created during observation and coding.  If the notes con-

tained further information, for example documentation of ‘scatter’ of fixa-

tions suggesting ADHD grouping, then this would allow for the group re-

assignment (from control to ADHD). It was also noted in this secondary 

analysis that children with a predicted diagnosis of from the initial coding 

framework  of ADHD that had an actual ASD+ADHD diagnosis had less 

triangulations between core features in their gaze patterns. Also, those chil-

dren with an ASD+ADHD predicted diagnosis from the initial coding 

framework who had increased fixations on the left eye tended to have an 

actual diagnosis of ADHD. Based on this secondary analysis, it was thus 

noted that during the coding framework development and group predic-

tions, there was a tendency to prioritise the ‘scatter’ of fixations over the se-

quence of fixations over the core features (e.g. V shape, linear etc.) so this 

was refined in the revised protocol. 

       Actual Group       Total  

Clinical  Control 

 

Proposed Group   
(based on coded  
procedure) 

 

                                     

Clinical   17 *  7 

  

       24 

 
 

Control     2  6          8 

Total    19 13         32 
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Details of revised protocol: 

1) patterns of eye gaze to salient core features (triangulations, V-shape, 

linear or none); 

2) ‘Scatter’ of eye gaze, includes speed and distance of fixations over 

the face stimulus (increased or reduced).  

 

Revised predicted group designation (changes shown in bold): 

1) Control group: more fixations to the core facial features (eyes and 

mouth) were triangulations and V shape patterns. Fixations showed 

much reduced ‘scatter’ and a greater tendency to fixate on core fea-

tures (eyes and mouth) than non-core features (other areas of the 

face). 

2) Clinical group: more linear patterns of fixations to core features or 

no fixations to core features. Increased ‘scatter’ of fixations and fix-

ations on non-core facial  features: 

a. ADHD: Some linear patterns of fixations to core features 

with more fixations on the left eye than the right eye and 

increased ‘scatter’ of fixations.  

b. ASD: fewer fixation sequence patterns between core facial 

features and more fixations to on non-core features of the 

face. Reduced ‘scatter’ of fixations over the face stimulus 

c. ADHD+ASD: fewer fixation sequence patterns between 

core facial features and more fixations to on non-core fea-

tures of the face. Much increased ‘scatter’ of fixations over 

the face stimulus. 
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 SECONDARY ANALYSIS 

 

The revised protocol described above was then used to create a sec-

ondary analysis that allowed for these changes. When the revised protocol 

was implemented, the procedure correctly classified 19/19 (100%) of the 

clinical group (χ2(1)=15.6, p<0.001) and,  8/13 (61.5%) of the control 

group was correctly classified (see Table 2.3).  

 

Table 2. 3: Secondary analysis for clinical and control groups  

*χ2(1)=15.6, p<0.001 
 

 

In order to evaluate how effective the revised protocol was at differ-

entiating between groups, further analysis was completed as shown in Ta-

ble 2.3. The highest classification accuracies were yielded for the ADHD 

group with 4/4 (100%) cases correctly classified (χ2(9)=38.3, p<0.001).   

7/8 (87.5%) of the ADHD+ASD groups were correctly classified while 

only 3/7 (42.9%) of the ASD group were correctly classified.  Interestingly, 

the protocol categorised children with ASD into the ADHD groups more 

frequently than the ASD group (see Table 2.4). 

 

       Actual Group       Total  

Clinical  Control 

 

Proposed Group   
(based on coded  
procedure) 

 

                                     

Clinical   19 *  5 

  

        24 
 

 

Control     0  8          8 

Total    19 13         32 
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Table 2. 4: Analysis of diagnostic groups  

*χ2(9)=38.3, p<0.001 

 

 
 

2.3.3 VALIDATION OF OBSERVATIONAL RESULTS USING MA-

CHINE LEARNING 
 

As discussed in methods section 2.2.7, the whole eye tracking dataset was 

explored via dynamic sequence modelling and the most frequent classify-

ing sequences for each group were generated. This section presents the re-

sults from the dynamic sequence patterns and the group classification accu-

racies using machine leaning.  

 SEQUENCES IN THE GROUPS 

The most frequently occurring classifying sequence from each group is pre-

sented in Figure 2.10). 

 

  Actual Group      Total  

ADHD  ASD ASD+ 

ADHD 

 

Control 

 

 

 

 

Proposed 

Group   
(based on 
coded  
procedure) 

 

                                     

ADHD  4* 1 1 

  

 1           7 
 

 

ASD  0    3 0  2           5 

 
 

ASD+ 

ADHD 
 0 3 7  2          12 

 
 

Control  0 0 0  8            8 
 

 

Total    4 7 8 13          32 
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Figure 2. 10a–d): Most frequent sequence for each group 

Each blue circle represents a code. Each code is denoted by its position over the emotion 

face image. The red circle is the end of the sequence and the red line represents the dy-
namic sequence as defined by the order of codes. 

 

 As shown in Figure 2.10b), the most frequently occurring sequence 

for the ADHD group is a linear pattern of eye gaze over the left hemi space 

of the emotional face from the viewers perspective. This is in line with the 

findings from the static fixation patterns shown in Figure 2.5 and, the ob-

servation coding framework protocol described in Section 2.3.1. The most 

frequently occurring sequence for ADHD also differs from that of the other 

groups. The most frequently occurring sequence in the ASD+ADHD 

group showed more fixated features over the lower half of the emotional 
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face image (Figure 2.10d), while those with ASD showed the most fre-

quently occurring sequence of fixations in a zig-zag like configuration 

across the mid-zone of the image (Figure 2.10c). The most frequently oc-

curring  sequence for typically developing controls showed a triangular 

configuration of fixations between core features (eyes and mouth; Figure 

2.10a), which was also observed qualitatively in section 2.3.1. 

In summary, the automated sequences from machine learning 

showed similarities to the qualitative observations in the previous section.  

This included a linear pattern of fixations between the left eye and the 

mouth in children with ADHD and, a triangular configuration of fixations 

between core features (eyes and mouth) in the typically developing control 

children. The sequences also appear to differ amongst the clinical groups. 

The next section presents the group classification accuracies for the most 

frequent fixation sequences. 
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 MACHINE LEARNING SEQUENCE AND SCATTER AC-

CURACIES IN THE GROUPS  

 

Table 2.5 presents the group accuracies from the most frequently occurring 

sequences and scatter features derived from machine learning. 

Table 2. 5: Group accuracies from sequence and scatter features  

Group comparison Accuracy from se-
quence features 

Accuracy from sequences and 
scatter features 

Controls versus ADHD 0.83 No improvement 

Controls versus ASD 0.69 No improvement 

Controls versus 
ASD+ADHD 

0.68 No improvement 

ADHD versus ASD 0.78 No improvement  

ADHD versus 
ASD+ADHD 

0.71 No improvement  

ASD versus ASD+ADHD 0.79 0.84 
 

The codes generated by the machine-learning approach yielded the 

highest accuracy, 83%, when distinguishing ADHD from controls (Table 

2.5). This supports the finding the observation detailed in section 2.3.1, 

that a linear eye gaze pattern found in ADHD differs from the triangula-

tion gaze pattern found in typically developing controls. When the ‘scatter’ 

feature was added to the model, accuracies between the ASD and the 

ASD+ADHD group increased from 79% to 84%, suggesting that dispersal 

of fixations helps to further differentiate ASD+ADHD from ASD. This 

machine learning approach supports the hypothesis of visual social-emo-

tional attention differentiating ADHD from ASD and ASD+ADHD and, 

begins to answer the third question of this thesis regarding the potential for 

eye tracking measures to differentiate the groups.  
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 SUMMARY AND DISCUSSION OF FINDINGS  
 

This chapter described a novel approach to eye gaze analysis to faces in-

cluding: results from dynamic eye gaze to emotions; observational coding 

of eye fixation patterns from an emotion recognition task; generation of 

models; and a set of fixation patterns that differentiate children with neuro-

developmental conditions from typically developing control children. The 

models that were most frequently observed and included in the coding 

framework protocol were fixations to core features (left eye, right eye and 

mouth) of the face and ‘scatter’ of fixations over the face stimulus. This eye 

gaze coding framework protocol designated children as control participants 

if they had more triangulations and V shape fixation patterns between the 

eyes and mouth and reduced ‘scatter’ and fixation on non-core features of 

the face. This protocol designated children as clinical participants if their 

eye gaze had more linear fixation patterns or no fixation sequences be-

tween eyes and the mouth and had increased ‘scatter’ of fixation  and fixa-

tions on non-core features of the face.  

The initial protocol correctly classified the clinical group (89.5%) 

more accurately than the control group (46.2%; (χ2(1)=5.3, p<0.05)). A re-

vised protocol which was more stringent on controls, having much less 

‘scatter’ of fixation improved these results; correctly classifying 100% of the 

clinical group and 61.5% of the control group (χ2(1)=15.6, p<0.001). The 

dynamic sequence eye gaze coding framework protocol to differentiate be-

tween clinical groups, included participants designated to the ADHD 

group if their eye gaze had increased ‘scatter’ of fixations and linear fixa-

tion patterns between the left eye and mouth. Participants were designated 
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to the ASD group if their eye gaze had less triangulation of fixations be-

tween core features (eyes and mouth), more fixations to non-core features 

and reduced ‘scatter’ of fixations over the face stimulus. Participants were 

designated to the ADHD+ASD group if their eye gaze had less triangula-

tion of fixations between core features (eyes and mouth), more fixations to 

non-core features and increased ‘scatter’ of fixations over the face. This 

protocol generated classification accuracies of 100%, 87.5% and 42.5% in 

the ADHD, ADHD+ASD and ASD group(s) respectively (χ2(9)=38.3, 

p<0.001). A limitation of the chi-square test used to analyse the observa-

tional coding was that cell sizes were less than 10 in some cases and there-

fore, Fisher’s exact test may have been more appropriate for the analysis in 

the small sub-sample. As Fisher’s exact test is usually performed for 2x2 

contingency tables, chi-squared was used here as it is more suitable for all 

dimensions including 4x4 contingency tables; allowing for testing in all 

four groups. Machine learning approaches in the whole sample improved 

differentiation in the ASD group and, validated the observer based coding 

framework results. 

In conclusion, this chapter presented a novel approach to eye gaze 

analysis and proof of concept that visual social-emotional attention (VSA) 

may help to differentiate between clinical groups such as ADHD and ASD. 

Machine learning on the whole dataset provided validated differing visual 

social-emotional attention and face processing in the groups. This proce-

dure was not only designed to gain greater insights into eye gaze patterns 

but also as a guide to select eye tracking measures that could quantitatively 
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capture some of the qualitative differences found amongst the groups. 

These quantitative eye tracking measures are described in the next chapter. 
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3 STUDY OF VISUAL ATTENTION TO 
EMOTIONAL FACES IN SAMPLE 1 

 

 OVERVIEW  
 

This chapter extends the work of the previous chapter which started 

to answer the questions of the thesis. The previous chapter demonstrated 

that observed eye gaze patterns distinguished the groups, helping to pro-

vide evidence for visual attention differentiating ADHD, ASD and 

ASD+ADHD on an emotion recognition task. Such qualitative observa-

tions do not however, allow for questions regarding association or comor-

bidity at a symptom level to be adequately addressed. The enquiry in this 

chapter, was to investigate whether quantitative eye tracking measures to 

emotional faces in ADHD are associated with emotion recognition deficits 

on a prompted emotion recognition task, analyse any association of visual 

attention to emotional faces with clinical symptom severity and, compare 

visual social-emotional attention amongst the groups. This seeks to address 

the questions of the thesis on the association of visual attention to emo-

tional faces on a prompted emotion recognition task; a commonly used 

task in the study of ASD. 

Quantitative eye tracking measures reviewed in the literature (sec-

tion 1.5.1; visual social-emotional attention in ADHD) were analysed in 

this chapter. As described below, the quantitative eye tracking measures 

capture different aspects of visual social-emotional attention. In the ASD 

literature, the eye tracking measures used include fixation duration to inter-

est areas (otherwise known as Dwell Time (DT)) to eyes and mouth. Eye 
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tracking measures from the ADHD literature also capture temporal (speed 

of attention across the stimulus) and spatial (breadth of attention across the 

stimulus) indicies to face stimuli separately. As discussed in Section 1.5.1, 

additional eye tracking measures to DT could yield important information 

and give clues to underlying neuro-circuitry and cognitive processes. This 

may help characterise visual social-emotional attention in the groups and 

differentiate ADHD, ASD and ASD+ADHD on the emotion recognition 

task, addressing question 3 of this Thesis. Eye tracking measures were ana-

lysed to clarify if emotion recognition deficits in ADHD are primary to 

ADHD or secondary to co-occurring ASD, addressing question 2 of this 

Thesis. Models of comorbidity were considered within the hypotheses and 

mixed design ANOVA two-factor model (with ADHD and ASD as fixed 

factors) was used for the analyses as described below. 

The relationship between emotion recognition accuracy, symptom 

severity and the quantitative eye tracking measures were also analysed. 

This was done to address question 1 of this Thesis; to find out if visual so-

cial-emotional attention can elucidate emotion recognition problems in 

ADHD.  

3.1.1 CHAPTER OUTLINE 
 

The hypotheses specific to this chapter and the methods for calculating eye 

tracking measures are presented first. This is followed by the results from 

this chapter which are divided and presented as 3 sections: 1) emotion 

recognition accuracy, 2) dwell time (indexing fixation duration to interest 

areas of the face) and, 3) temporal and spatial measures (indexing speed 
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and breadth of attention to the face stimulus). A brief discussion of visual 

social-emotional attention in children with comorbidity and its impact con-

clude this chapter.  

 HYPOTHESES  
 

The hypotheses for the groups are presented in 3 subsections based on the 

dependent variable being tested in the mixed design ANOVA two-factor 

model (with ADHD and ASD as fixed factors; see Section 3.3.2 for de-

tailed methodology of statistical analysis). 

3.2.1 EMOTION RECOGNITION ACCURACY 
 

Based on the literature (Sinzig, Morsch, and Lehmkuhl 2008), it was pre-

dicted that emotion recognition accuracy for faces would be greatest in the 

following descending order: happy, sad, anger, fear, disgust and surprise. 

Thus, emotion recognition accuracy would be highest for happy and low-

est for surprise. 

It was hypothesised that this order of accuracy would be similar in 

all the groups but that the differences between groups would be signifi-

cantly greater for certain emotions as presented in the literature review 

(section 1.4.1) 

1) ADHD 

 

It was hypothesised that ADHD would have reduced accu-

racy to all emotions compared with typically developing controls, 

but that this effect  would be greatest for negative emotions, namely 

anger.  
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2) ASD 

It was hypothesised that ASD would have reduced accuracy 

to all emotions compared with typically developing controls, but 

this difference would be significantly greater for fear and more com-

plex emotions e.g. surprise and disgust. 

3) ASD+ADHD 

 It was hypothesised that ASD+ADHD would have the low-

est accuracy to all emotions compared with typically developing con-

trols, with particular impairment to negative emotions including both 

anger and fear. 

It was also hypothesised that emotion recognition accuracy to stimuli 

in the ‘eyes only’ condition would follow a similar group pattern to the 

face hypotheses above. However, overall accuracy would be reduced in the 

‘eyes only’ condition compared to the ‘faces’ condition based on the find-

ings by Sinzig et al. (2008).  

3.2.2 DWELL TIME TO INTEREST AREAS 
 

Dwell time (DT) is defined as the fixation duration to the specified interest 

areas e.g. eyes and mouth of the face.  Based on findings from the literature 

review in Chapter 1, it was hypothesised that dwell time (DT) to eyes and 

mouth would differ based on emotion type, with more mouth viewing for 

positive emotions such as happy. 

1) ADHD 

It was hypothesised that ADHD would have reduced DT to 

eyes and mouth for negative emotions such as anger compared with 

typically developing controls.  
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2) ASD 

 

Based on the literature presented in Chapter 1, it was hy-

pothesised that ASD would have reduced DT to eyes and mouth for 

all emotions and that this would be most pronounced for emotions 

fear and surprise compared with typically developing controls. 

3) ASD+ADHD 

There is a lack of literature in the comorbid population. 

However, it was hypothesised that if the comorbid group have both 

ASD and ADHD, they will have the additive effects of both condi-

tions. This will lead to significantly reduced DT to the eyes and 

mouth of most emotions compared with typically developing con-

trols.  

It was also hypothesised that reduced DT to eyes and mouth would 

be associated with increased symptom severity in the social reciprocal in-

teraction and the communication domains of the SCQ. It was also hypoth-

esised that there could be a weak association with reduced DT to eyes and 

mouth and the Conners’ rating scale inattentive but not hyperactive symp-

toms. It was also hypothesised that reduced DT to eyes and mouth would 

be related to poorer emotion recognition accuracy. 
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3.2.3 TEMPORAL AND SPATIAL MEASURES 
 

In addition to dwell time to the eyes and mouth of the face, eye tracking 

measures from the ADHD literature also capture temporal (speed of atten-

tion across the stimulus) and spatial (breadth of attention across the stimu-

lus) analyses to face stimuli separately. Based on the literature on visual so-

cial-emotional attention in ADHD presented in Section 1.5.1, it was hy-

pothesised that temporal measures (including total fixation duration; mean 

fixation duration; and fixation number to emotional faces) would be 

greater for positive emotions such as happy and reduced for more negative 

emotions. It was also hypothesised that spatial measures (fixation scan-

path length; mean length between fixations; and standard deviation of fixa-

tion length) would be greater for negative emotions overall. 

1) ADHD 

Based on the observed findings in Chapter 2 of more ‘scat-

tered’ fixations in ADHD, it was hypothesised that children with 

ADHD would have shorter and more dispersed fixations when 

viewing emotional faces compared with typically developing con-

trol children and children with ASD. This would be indicative of a 

‘hyper-extensive’ scanning style as described in the literature (sec-

tion 1.5.1). It was therefore hypothesised that those with ADHD 

would have: reduced mean fixation duration with increased fixation 

number; increased fixation scanpath length; increased mean length 

between fixations; and increased standard deviation of fixation 
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length to emotional faces compared with typically developing con-

trols and children with ASD. It was also hypothesised that if this 

‘hyper-extensive’ pattern is specific to emotion type, for example 

angry faces in ADHD compared with typically developing controls 

and children with ASD, then there would be an interaction between 

ADHD factor and ‘Emotion’ on the dependent variable. 

2) ASD 

Based on the literature described in section 1.5.1, it was hy-

pothesised that children with ASD would have a ’restricted’ scan-

ning style when viewing emotional faces compared to typically de-

veloping control children and children with ADHD. It was hypoth-

esised that this would result in a profile of increased mean fixation 

duration with reduced fixation numbers; reduced fixation scanpath 

length; reduced mean length between fixations; and reduced stand-

ard deviation of fixation length to emotional faces compared with 

the typically developing children and the children with ADHD. It 

was hypothesised that if this ‘restricted’ pattern is specific to emo-

tion type e.g. fearful faces in ASD compared to typically developing 

children and children with ADHD, then there would be an interac-

tion between ASD factor and ‘Emotion’ on the dependent variable. 

3) ASD+ADHD 

As described previously, at the time of writing there is a lack 

of literature on the comorbid population. It was difficult to predict if 

comorbidity would result in a scanning profile midway between a 

‘hyper-extensive’ or ‘restricted’ style. Specific hypotheses were not 
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put forward for the comorbid group. It was suggested that if the 

comorbid group had a significantly different scanning style to either 

of the pure groups, then this would result in an interaction of 

ADHD by ASD factor on the specified dependent variable. 

It was also hypothesised that an ‘hyper- extensive’ scanning style in 

children with ADHD would be associated with symptom severity on the 

Conners’ rating scale inattentive and hyperactive-impulsive subscales and,  

a ‘restricted’ scanning style in ASD would be associated with repetitive ste-

reotyped behaviours on the SCQ. It was difficult to hypothesise which 

scanning style would be associated with poor emotion accuracy. However, 

it was suggested that both extremes of temporal and spatial visual attention 

could be associated with poor emotion recognition accuracy. 

 

 

 METHODS 
 

Participants, measures and tasks are described in Chapter 2 (Section 2.2). 

 

3.3.1 EYE MOVEMENT DATA PROCESSING 
 

Raw eye tracking data collected during the emotional faces task was pro-

cessed using ILAB which contains open source MATLAB functions for 

post-experimental eye movement analysis (Gitelman 2002). Eye locations 

and pupil values from the raw data samples were converted to text files for 

pre-processing in ILAB. Coordinate transformation allowed visualisation 

in ILAB by entering calibration points from the eye tracker, computer 
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screen resolution and distances in the task (as described in Chapter 2 (Sec-

tion 2.2.4)) into the ILAB parameters setup. 

A trial length of 4500ms was analysed as this is the length of time 

participants had to view emotional faces prior to the words appearing 

prompting emotion accuracy response. A minimum fixation duration of 

200ms was set in line with the literature on face viewing in ADHD (Marsh 

2008). The basic definition of a fixation, is a set of eye locations within a 

defined area for a selected amount of time (Gitelman 2002). As described 

by Widdel (1984), fixations were calculated using the dispersion algorithm 

in ILAB which is relatively resistant to missing points including blinks 

(Widdel 1984). Thus, in this instance, a fixation was defined as within a 

dispersion threshold of 2.68 degrees for a duration of 200ms. Participants’ 

eyes are allowed to drift as long as this was for less than the minimum fixa-

tion duration (200ms). Blink artefacts were removed in ILAB using a com-

bination of pupil size being equal to 0 and eye position being incorrect (off 

the computer screen) (Gitelman 2002). 

Trials with fewer than two fixations were discarded as fixation du-

rations were too long, potentially invalidating the trial data. Trials were re-

moved if eye movement data was not continuously recorded for at least 

1125ms (at least 25% of the trial time). Trial adequacy was verified using a 

two-step approach; firstly, the data was visually assessed in ILAB and sec-

ondly, a percentage acquisition was computed by ILAB for cross checking. 

Participants with more than 50% invalid trial data were removed from the 

analysis, as has previously been documented in the literature with similar 
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trial numbers in ASD and disruptive disorders (Bours et al. 2018). Partici-

pants with less than 50% of valid trial data included two control partici-

pants; both of whom were recruited at the beginning of the study and less 

data was collected due to a computer capacity error that was promptly cor-

rected. Of the initial 44 children recruited, one child with ADHD could not 

complete the calibration (see Chapter 2 for details) and two control chil-

dren did not have adequate eye movement data so, in total, 41 children 

were included in the final eye movement data analysis. 

The emotional faces for each trial were imported into ILAB by cre-

ating a JPEG directory containing the scaled images, and interest areas 

were designated using the region of interest function in ILAB. A template 

for the interest area of the emotional faces was created for the core facial 

features (the right eye, left eye and mouth). The interest area for the eyes 

includes the eye lashes and brows, and for the mouth contains the philtrum 

(Figure 3.1). The interest area to the eyes and mouth were designed to be 

large enough to allow for offsets (such as head movements) in the data that 

are found when conducting studies with children (Guillon et al. 2015). 

 
Figure 3. 1: Interest areas for emotional faces 

Rectangles for core features: 1) Left Eye Area in left hemi-space (LEA); 2) Right Eye Area 
in right hemi-space (REA); and 3) Mouth Area (MA) 
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Interest areas for the whole face, photograph and the screen were 

also defined so that fixation duration to the screen and fixation to other re-

gions of the face could be calculated. Interest area statistics for each trial 

were calculated from the defined fixations in ILAB to provide a DT to the 

designated interest area (DT is defined as the fixation duration to the desig-

nated interest area). Mean DT per participant and mean DT percentage 

(DT/Trial time (4500ms)) were also calculated for subsequent analysis. 

Socially salient features include both eyes and mouth and DT is a 

measure of the amount of time spent fixating during the trial. Times spent 

fixating at specific interest areas are most commonly performed in the 

ASD literature (see Section 1.5.2 for details). In addition to the socially sa-

lient features of the face (eyes and mouth), other features of the face such 

as the nasal bridge, forehead and other creases of the face are also im-

portant to look at when recognising emotions (Boucher and Ekman 1975). 

An interest area which contained these other facial features (without the 

eyes and mouth) was created and termed ‘other’. 

In addition to the interest area statistics, fixation analysis based on 

the defined fixations described above were also extracted from ILAB. For 

each fixation per trial, the fixation duration, fixation number and distance 

to next fixation were extracted. These fixation data were used to calculate 

the temporal and spatial measures providing quantitative variables of vis-

ual scanning (Table 3.1). Planned contrasts of each measure to specific hy-

pothesis (in this case extensive versus restricted scanpaths to emotional 

faces) were made. Temporal measures include; total fixation number, total 
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fixation duration (ms) and mean fixation duration (ms). Spatial measures 

(in degrees of visual angle) include; fixation scanpath length (total distance 

between fixations), mean distance between fixations and SD of distance be-

tween fixations. 

 

Table 3. 1: Temporal and spatial measures and calculations 

Eye tracking measure Calculation  What these 
measures signify 

Temporal  How much information 
processing has oc-
curred—an estimate of 
processing rate. 

1) Total fixation 
number (TFN) 

Sum of the number 
of fixations per trial.  

2) Total fixation du-
ration (TFD; ms) 

Sum of fixation dura-
tion per trial. 

3) Mean fixation du-
ration (MFD; ms) 

Average fixation du-
ration per trial. 

Spatial  Where the attention in 
allocated—breadth of 
attention (e.g. extensive 
scanpath length signi-
fied by relatively greater 
distances between fixa-
tions). 

4) Fixation scanpath 
length (FSPL; dis-
tance) 

Sum of the distances 
from fixation to fixa-
tion per trial. 

5) Mean length be-
tween fixations 
(MLBF; distance) 

Average distance be-
tween fixations per 
trial. 

6) SD length be-
tween fixations 
(SDLBF; distance) 

Standard deviation 
of the distance be-
tween fixations. 

 

Trial temporal and spatial measures were calculated as shown in 

Table 3.1 and then the mean values for each participant for each emotion 

type were calculated for statistical analysis. 

3.3.2 STATISTICAL ANALYSIS 
 

As described in Section 2.2, group differences for the demographic and 

clinical scores were calculated using univariate ANOVA. Post hoc tests 

were carried out to allow for multiple comparisons. Levene’s test of vari-

ances determined Tukey and Games-Howell post hoc tests.  
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The effects of ASD and ADHD on emotion accuracy and eye track-

ing measures were tested using mixed-design ANOVA two-factor model 

comprising ASD and ADHD as fixed factors and ‘Emotion’ as a repeated 

measures factor. ASD and ADHD factors are computed in SPSS from the 

diagnostic category (control group, ADHD group, ASD group, 

ASD+ADHD group). ASD factor (yes) includes children from the ASD 

group and ASD+ADHD group. ASD (no) includes children from the 

ADHD group and control group. ADHD factor (yes) includes children 

from the ADHD and ASD+ADHD group and ADHD (no) includes chil-

dren from the ASD and control groups.  

This two factor analysis method has been used to test comorbidity 

in ERP data by our group (Groom et al. 2017) and other groups (Tye et al. 

2014; Shephard et al. 2019). This two factor analysis method allows com-

parison of the eye tracking and ERP results as participants from this data 

set were tested using eye tracking and EEG. Results of the ERP data from 

this sample have been presented in Groom et al. (2017). Importantly, du-

plicating this method of analysis in the eye tracking data in this way, serves 

to answer question 2 of this Thesis relating to comorbidity. Specifically, 

this design helps to disentangle the influences of ASD versus ADHD in the 

case of comorbidity. The two factor design tests the main effect of ASD 

and ADHD factors on variables of interest in addition to an interaction be-

tween ASD and ADHD factors (Banaschewski et al. 2007; Groom et al. 

2017). In particular, an interaction between ASD and ADHD factors could 

suggest a model compatible with the comorbid group belonging to a third 

separate nosology to either of the pure groups as described  by Rutter and 
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Taylor (2002). Alternatively, a main effect of ASD and/or ADHD factors, 

with a lack of interaction between ASD and ADHD factors could suggest 

an ‘additive model’ of comorbidity, especially if a double dissociation ex-

ists (Banaschewski et al. 2007) . This additive model would be in keeping 

with the comorbid group sharing a profile with both the pure groups and 

potentially shared risk factors within the comorbid group as discussed in 

Section 1.3. 

In addition to the fixed factors described above, the mixed design 

ANOVAs also included a repeated measures ‘Emotion’ factor comprising 

6 levels (happy, sad, anger, fear, disgust and surprise). Planned repeated 

contrasts were applied as described by Field (Field 2005) in accordance 

with the hypothesis of group effects on the dependent variable (emotion 

recognition accuracy or eye tracking measure). It was hypothesised that the 

order of accuracy of emotion recognition would be as follows: happy 

would be the easiest; followed by sad; then anger; then fear; then disgust; 

and finally, surprise would be the most difficult to detect. The contrast was 

specified such that: Level 1 corresponds to happy; Level 2 corresponds to 

sad; Level 3 to Anger; Level 4 to fear; Level 5 to disgust; and Level 6 to 

surprise. Repeated contrast is reported as Level 1 versus Level 2; Level 2 

versus Level 3; Level 3 versus Level 4; Level 4 versus Level 5 and Level 5 

versus Level 6. Thus, the first comparison would be between happy and 

sad. The second comparison would be between sad and anger. The third 

comparison between anger and fear. The fourth comparison between fear 

and disgust and the fifth comparison between disgust and surprise. ASD 
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factor and ADHD factor were entered as between-subject fixed factors. Sig-

nificant findings relating to the fixed factors (ASD Factor and ADHD Fac-

tor) will be reported in detail. However, significant effects that do not inter-

act with the ASD and ADHD factors will be summarised and tabulated but 

not reported in the main text. 

Significant interactions were followed up by simple effects analysis. 

As DT percentage gave a similar pattern of results to DT, only results for 

DT are reported for brevity. Controlling for multiple comparisons for the 

eye tracking variables was not done as they were planned prior, to test the 

hypotheses. Testing these eye tracking variables individually without con-

trolling for multiple comparisons, has been done in previous eye tracking 

literature and is appropriate when the variables are conceptually separate 

(e.g. spatial versus temporal) (Marsh 2008; Guillon et al. 2015). Pearson’s 

correlation co-efficient was conducted to analyse associations between sig-

nificant eye tracking variables, symptom severity subscales and emotion 

recognition accuracy.  

To examine the possible effects of covariates, hierarchical linear re-

gression was used to test if IQ (WASI scores) or oppositional symptoms 

(Conners’ parent rating scale oppositional subscale T scores) had signifi-

cant contributions to the dependent variable over and above ADHD and 

ASD factors. Hierarchical linear regression models were applied to the de-

pendent visual attention variable being tested (e.g. emotion accuracy and 

DT to the mouth). This analysis was performed only on dependent varia-

bles that were found to be significant in the main analyses described above. 

If ADHD factor had a main effect on the dependent variable (e.g. emotion 
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accuracy), then ADHD factor was entered in the first block and ASD fac-

tor entered in the second block. If ASD factor had a main effect on the de-

pendent variable (e.g. DT to the mouth) then ASD factor was entered in 

the first block and ADHD factor entered in the second block. Full scale IQ 

was entered in the third block and oppositional problems on the Conners’ 

parent rating scale was entered in the final block. The model was tested at 

each step to determine whether the covariates explained additional vari-

ance over and above the variance explained by ADHD and ASD. This ap-

proach to testing the effects of covariates was chosen in preference to enter-

ing multiple covariates into the repeated measures models described above, 

because the use of ANCOVA has been shown to be a poor way of 

covarying for IQ in psychiatric and developmental disorders especially if 

IQ is tightly bound to the clinical profile of the disorder as is the case for 

both ASD and ADHD (Miller and Chapman 2001). Miller and Chapman 

(2001) highlighted that entering multiple covariates into the ANOVA 

model removed too much of the variable of interest (in this case ADHD), 

potentially leading to a false negative result. For these reasons, a hierar-

chical linear regression approach was taken to be most informative of the 

variables of interest.  

As described in section 2.2.1, a power calculation to estimate the 

number of participants required in each group was calculated using 

G*power software (version 3.1.9.2). As the projected sample size based on 

four groups was not achieved (Section 3.4.1), a post hoc power calculation 

based on the 2x2 factorial design described in this section was calculated 

using G*power in order to calculate the power to detect an interaction of 
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medium effect size. Based on the actual sample size of 41, it was calculated 

there was 87.7% power to find an interaction between the ASD and 

ADHD factors with a medium effect size at an alpha criterion of 0.05. 

 

  



131 
 

 RESULTS 
 

3.4.1 DEMOGRAPHIC AND SYMPTOMS SCORES IN THE SAMPLE 

GROUPS 
 

As shown in Table 3.2, groups were well matched for age (F (3, 39)=0.16, 

p>0.05, ηp2=0.01) and there was a male predominance in all groups except 

the groups differed in the ratio of males to females (F (3, 39)=3.38, p<0.05, 

ηp2=0.21). Groups differed in mean IQ (F (3, 39)=4.04, p<0.05, ηp2=0.24) 

with significantly lower scores in the ADHD group (p<0.05) and 

ASD+ADHD group (p<0.01) compared to the control group. 

As expected, the groups differed significantly on SCQ (F (3, 

39)=29.65, p<0.001, ηp2=0.85) with significantly higher scores in the ASD 

group (p<0.001) and ADHD+ASD group (p<0.001) compared to control 

group. Significantly higher total SCQ scores were also found in the ASD 

group (p<0.01) and ADHD+ASD group (p<0.001) compared to the ADHD 

group. Groups differed significantly on SAS (F (3, 33)=26.57, p<0.001, 

ηp2=0.71) with significantly lower scores in all three clinical groups 

(p<0.001) compared to control group.  

Groups differed significantly on the Conners’ DSM-IV IA T-score (F 

(3, 37)=37.4, p<0.001, ηp2=0.75) with significantly higher T-scores in all 

three clinical groups compared to control group (p<0.001). Conners’ DSM-

IV IA T-scores were significantly higher in the ADHD group (p<0.001) and 

ADHD+ASD group (p<0.01) compared to the ASD group.  

Groups also differed significantly on the Conners’ DSM-IV HI T-

score (F (3, 37)=65.95, p<0.001, ηp2=0.84) with significantly higher T-scores 
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in all three clinical groups compared to control group (p<0.001). Conners’ 

DSM-IV HI T-scores were significantly higher in the ADHD group 

(p<0.001) and ADHD+ASD group (p<0.01) compared to the ASD group. 

Groups also differed significantly on the Conners’ DSM-IV Oppositional T-

score (F (3, 37)=17.63, p<0.001, ηp2=0.59) with significantly higher T-scores 

in all three clinical groups compared to control group (p<0.001). OD and 

CD were common in all the clinical groups. However, Emotional Disorders 

were mainly present in the combined ASD+ADHD group (Table 3.2). Emo-

tional, oppositional and conduct disorders were based on DAWBA com-

puter diagnoses and confirmed by clinical rating as described in methods 

section (2.2.2.3).  

Based on parental report, four children in the ADHD group and four 

children in the ASD+ADHD group were regularly taking prescribed stimu-

lant medication. Of the four children prescribed stimulant medication in the 

ADHD group, one child was prescribed Concerta XL, two children were 

prescribed Medikinet XL and one child was prescribed short acting 

Methylphenidate Hydrochloride. Of the four children in the ASD+ADHD 

group, three children were prescribed Concerta XL and one child was pre-

scribed Equasym XL. As described in Section 2.2, all children were with-

drawn from any stimulant medication 24 hours prior to testing. Two chil-

dren in the ASD+ADHD group, one child in the ASD group and one child 

in the ADHD group were prescribed melatonin for sleep problems. One 

child in the ASD group was prescribed low dose anti-psychotic medication 

(Aripiprazole) for behavioural problems. None of the children from any of 

the groups were on non-stimulant or anti-depressant medication.  
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Raw emotion recognition scores, eye tracking data and excluded tri-

als per group are presented in Appendix VI., Table A.24. For the eye track-

ing analysis, excluded number of face trials as described in the methods (Sec-

tion 3.3.1) were not significantly different amongst the groups (F (3, 

37)=2.69, p>0.05, ηp2=0.18). 



    

Table 3. 2: Demographic and clinical characteristics of the sample (n= 43)  

           Group            Group effect  

ADHD 
 (n=8) 

ASD  
(n=10) 

ASD+ADHD 
(n=9) 

Controls 
(n=16)* 

F p-value Group differences 
(post-hoc) 

Mean age in years  
(SD; range) 

11.95 
 (2.50; 
9.16-
15.42) 

12.52 
(1.76; 
10.03-
15.88) 

12.46  
(2.06;  
9.22- 
15.66) 

12.14  
(1.95;  
9.67- 
15.76) 

0.16 p>0.05 n/s 

Gender % male  
(n male) 

50.0% 
(4) 

90.0% 
(9) 

100.0% 
(9) 

87.5% 
(14) 

3.38 p<0.05 n/a 

Mean FSIQ 
 (SD; range) 

99.13  
(11.21; 
79.00- 
111.00) 

106.00 
(8.52; 
94.00-
116.00) 

96.78  
(16.19; 
70.00- 
118.00) 

111.44  
(9.60; 
95.00-
127.00) 

4.04 p<0.05 Controls > ADHD c / ASD+ADHD b   
 

Total SCQ  
(SD; range) 

9.25  
(8.66; 
0.00-
26.00) 

21.40 
(8.90; 
5.00-
32.00) 

25.67  
(4.95; 
16.00- 
32.00) 

3.38  
(3.70; 
0.00-
15.00) 

29.65 p<0.001 Controls < ASD  / ASD+ADHD a   

ADHD < ASD b / ASD+ADHD a 

SAS  
(SD; range) 

10.25 
(6.07; 
4.00-
18.00) 

7.80  
(5.45; 
0.00-
16.00) 

6.22 
(2.99; 
3.00- 
11.00) 

24.50 
(5.32; 
15.00-
33.00) 

26.57 p<0.001 Controls > ADHD / ASD /ASD+ADHD a  

Conners’ IA T score 
(SD; range) 

78.00 
 (9.26; 
63.00-
90.00) 

63.20 
(9.51; 
51.00-
77.00) 

75.44 
(6.21;  
66.00- 
86.00) 

47.00 
(6.28; 
40.00-
60.00) 
 
 

37.40 p<0.001 Controls < ADHD / ASD /ASD+ADHD a 

ASD < ADHD a / ASD+ADHD b 
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Conners’ HI T score 
(SD; range) 

88.88  
(1.89; 
85.00-
90.00) 

74.10  
(11.87; 
54.00-
90.00) 

85.00  
(7.66;  
68.00- 
90.00) 

48.36  
(5.57; 
43.00-
62.00) 

65.95 p<0.001 Controls < ADHD / ASD /ASD+ADHD a 

ASD < ADHD a / ASD+ADHD b 

Conners’ OD T score 
(SD; range) 

81.25 
(9.79; 
64.00-
90.00) 

70.70 
(17.54; 
49.00-
90.00) 

73.11 
(10.12;  
61.00- 
89.00) 

47.57  
(8.00; 
39.00-
64.00) 

17.63 p<0.001 Controls < ADHD / ASD /ASD+ADHD a 

 

Oppositional and Con-
duct Disorders 

5 5 5 0 - n/a - 

Emotional Disorders† 1 1 6 0 - n/a - 

FSIQ Full Scale Intelligence Quotient (WASI); SAS Social Aptitudes Scale (≤ 12 is suggestive of ASD); SCQ Social Communication Questionnaire (≥ 15 suggestive 

of ASD); Conners’ Parent IA (Inattentive); HI (Hyperactive-Impulsive); OD (Oppositional) T scores (≥ 65 suggests difficulties in these areas). Rating scale scores 

shown are parent rated. †Emotional Disorders include general anxiety disorder, mild depressive episode, obsessive compulsive disorder or specific phobia. Note: 

participants could have more than one disorder. Emotional, oppositional and conduct disorders were based on DAWBA computer diagnoses and confirmed by clinical 

rating as described in methods section (2.2.2.3). *2 control children were not included in the eye movement analysis due to inadequate data acquisition (as described 
in Section 3.3). 1 child in the ADHD group could not complete the calibration so could not complete the task (as described in Section 2.2.4). ap<0.001; bp<0.01; cp<0.05 



 
   

3.4.2 EMOTION RECOGNITION  
 

 FACES  

As described in section 3.2.2, a mixed-design ANOVA was performed to 

identify effects of ASD, ADHD and emotion type on the accuracy of emo-

tion recognition. Accuracy was the dependent variable. Emotion, with 6 

levels (happy, sad, anger, fear, disgust and surprise) was entered as a re-

peated measures factor and ASD and ADHD entered as fixed factors. 

There was a significant main effect of ADHD (F (1, 39)=4.78, 

p<0.05, ηp2=0.11) with lower accuracy in those with (mean=0.69) than 

without (mean=0.76) ADHD. No other main effects or interaction for 

ASD or ADHD were significant for emotion accuracy. Significant main ef-

fects and interactions independent of fixed factors are tabulated at the end 

of the results Section 3.4.3.2. (Table 3.3). 

 EYES-ONLY  

A mixed-design ANOVA was performed to identify the effects of ASD and 

ADHD on emotion accuracy between the ‘faces’ condition and the ‘eyes-

only’ condition. There was a main effect, with all children showing re-

duced accuracy on the ‘eyes-only’ condition (mean accuracy=0.59) com-

pared with the ‘faces’ condition (mean accuracy=0.74; F (1, 35)=75.47, 

p<0.001, ηp2=0.68). There were no significant effects between or within 

subjects for ASD or ADHD factor suggesting that accuracy for the ‘eyes-

only’ condition does not differ in children with ADHD, ASD, 

ASD+ADHD and typically developing children. 
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A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on the accuracy of emotion recognition in the 

‘eyes-only’ condition as described for the ‘faces’ condition  in section 

3.4.2.1. Unlike the ‘faces’ condition, there was no main effects of ADHD 

on accuracy to the ‘eyes-only’ condition. There were no significant main 

effects or interactions for the ASD and ADHD fixed factors for accuracy to 

‘eyes-only’.   

In summary, ADHD factor has a main effect on emotion accuracy 

of ‘faces’ but not the ‘eyes-only’ condition. No interaction with ADHD fac-

tor and emotion in faces was found, indicative of reduced accuracy to faces 

irrespective of emotion type. Emotion accuracy findings suggests that chil-

dren with ADHD (ADHD and ASD+ADHD) have reduced general emo-

tion recognition accuracy to ‘faces’ but not ‘eyes-only’ compared to chil-

dren without ADHD (ASD and typically developing controls).  

In the next Section, results of visual attention to the emotional faces 

will be analysed to elucidate if visual social-emotional attention is associ-

ated with emotion accuracy deficits in ADHD. ADHD will be compared 

with ASD as discussed in the planned contrasts detailed in the methods 

Section (3.3.2). 
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3.4.3 EYE TRACKING MEASURES FOR EMOTIONAL FACES  
 

 INTEREST AREAS OF EMOTIONAL FACES 
 

Eyes and Mouth  

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on DT to each interest area. DT was the depend-

ent variable and interest area, with 3 levels (left eye, right eye and mouth) 

was entered as the first repeated measure. Emotion, with 6 levels (happy, 

sad, anger, fear, disgust and surprise) was entered as another repeated 

measures factor and ASD and ADHD entered as fixed factors. There was a 

significant main effect of ASD factor with reduced DT in those with ASD 

(mean=657.9ms) compared to those without ASD (mean= 779.4ms; F (1, 

37)=5.54, p<0.05, ηp2=0.13). No interaction between ASD factor and 

‘Emotion’ was found suggesting that reduced DT to eyes and mouth in 

those with ASD (ASD and ASD+ADHD) is not specific to emotion type.  

There were no other significant effects between or within subjects 

for ASD or ADHD factor. Significant main effects and interactions inde-

pendent of fixed factors are tabulated at the end of the chapter (Table 3.3). 

 

Other facial features 

The same analytical model was applied to identify effects of ASD, ADHD 

and emotion on DT to other facial features; to determine whether the effect 

of ASD on DT to the eyes and mouth interest area is also reflected in re-

duced DT to other features of the face. The aim of this was to determine 

whether the effect was specific to the eye and mouth interest area of the 

face. There was a main effect of ADHD on DT to other facial features with 
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those with ADHD looking at other facial features less (mean=957.6ms) 

than those without ADHD (mean=1229.8ms; F (1, 36)=8.70, p<0.01, 

ηp2=0.20). The effect of ASD fell just short of significant with greater DT 

to other facial features in those with (mean=1184.3ms) than those without 

ASD (mean=1003.1ms; F (1, 36)=3.86, p=0.06, ηp2=0.10). This suggests 

that those with ASD have specific reduced fixation to eyes and mouth ra-

ther than reduced fixation to all facial features. ADHD however, showed 

reduced fixation duration to other facial features but not to eyes and 

mouth. 

CORRELATIONS WITH CLINICAL SYMPTOMS  

Correlations between Dwell Time (DT; indexing viewing time) to interest 

areas, emotion recognition accuracy, SCQ, SAS and Conners’ subscores 

were performed. DT to the mouth was significantly negatively correlated 

with repetitive and stereotyped behaviours (r=–0.41; p<0.01) and commu-

nication (r=–0.35; p<0.05) but, not social reciprocal interaction subscores 

(r=–0.30; p>0.05) on the SCQ.  Although, it is noteworthy that the size of 

the correlation is similar for all SCQ subscores. DT to the mouth signifi-

cantly correlated with SAS (r=0.34; p<0.05), but did not significantly cor-

relate with emotion accuracy (r=0.21; p>0.05) or Conners’ IA or HI T-

scores (r=–0.08; p>0.05). 

DT to the right eye was significantly negatively correlated with 

Conners’ IA T-score (r=–0.40; p<0.05) and Conners’ HI T-score (r=–0.39; 

p<0.05). DT to the left eye was not significantly correlated Conners’ sub-

scores (p>0.05). Neither DT to the left eye nor right eye significantly corre-

lated with SCQ or SAS (p>0.05).   
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DT to other facial features (not eyes or mouth) significantly corre-

lated with Conners’ IA T-score (r=–0.39; p<0.05), Conners’ HI T-score 

(r=–0.39; p<0.05) and SAS (r=0.35; p<0.05).  DT to other facial features 

was not significantly correlated with SCQ subscores or emotion accuracy 

(p>0.05). This finding is interesting as it suggests reduced DT to other fa-

cial features is associated with ADHD symptoms and more social skills 

deficits on the SAS (a broader measure of social skills) but not the SCQ 

(more specific to ASD).  

Total emotion accuracy was significantly negatively correlated with 

Conners’ IA T-score (r=–0.44; p<0.01) and Conners’ HI T-score (r=–0.34; 

p<0.05) but not SCQ subscores or SAS (p>0.05). Total emotion accuracy 

was also significantly negatively correlated with DT to left eye (r=–0.36; 

p<0.05) and positively correlated with DT to the right eye (r=0.47; 

p<0.01). 

In summary, DT to the mouth showed significant correlations with 

SCQ subscores and SAS but, no significant correlations with Conners’ sub-

scores or emotion accuracy. DT to the right eye correlated negatively with 

Conners’ IA and HI subscores and positively with emotion accuracy. This 

is an interesting finding as it suggests that the right visuospatial bias typi-

cally found in ADHD on non-face tasks (as described in Chapter 1) does 

not extend to faces. Furthermore, reduced DT to other facial features was 

associated with ADHD symptoms and social skills deficits on the SAS (a 

broader measure of social skills) but not SCQ (more specific to ASD). This 
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later finding is indicative of an association with atypical visual social-emo-

tional attention with broader social skills deficits in ADHD, rather than so-

cial skills specific to ASD. 

In the next section, temporal and spatial eye tracking measures pre-

viously reported in the ADHD literature (presented in section 1.5.1) will be 

analysed to test if these quantitative measures to emotional faces differ in 

those with and without ADHD and ASD. 
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 TEMPORAL AND SPATIAL MEASURES TO EMOTIONAL 

FACES 

 

In Chapter 2, eye gaze patterns derived from observational coding of eye-

tracking data suggested that children from a subsample with ADHD had 

more ‘scattered’ fixations over the face stimuli in addition to more linear 

patterns between the left eye and mouth rather than triangulating between 

the eyes and the mouth. The findings in the previous section on DT 

showed that those with ADHD had typical viewing times to eyes and 

mouth but viewing time to the other areas of the face such as facial creases 

were reduced. DT does not give an indication of speed and distance of fix-

ations that could be relevant to the qualitative finding of scattered eye gaze 

across the whole face stimulus. This section therefore tests temporal and 

spatial eye tracking measures to quantify the findings from Chapter 2.  

TEMPORAL MEASURES 

 

Temporal eye tracking measures are described in Table 3.1 and are an indi-

cation of fixation rate.  

Total fixation number 

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on mean total fixation number to the face stim-

uli. Total fixation number was the dependent variable. Emotion, with 6 

levels (happy, sad, anger, fear, disgust and surprise) was entered as a re-

peated measures factor and ASD and ADHD entered as fixed factors. 

There was a borderline significant main effect of ADHD (F (1, 37)=4.10, 
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p=0.05, ηp2=0.10) between subjects, with higher mean total fixation num-

ber in those with (mean=7.61) than without (mean=6.73) ADHD.  

There was also a significant interaction between emotion and ASD 

by ADHD factor (F (5, 37)=2.71, p<0.05, ηp2=0.07). To establish the basis 

of the interaction, the data file was split to analyse the main effect of ASD 

within each level of the ADHD factor (no and yes) at each level of emo-

tion. This analysis showed a significant main effect of ASD when ADHD 

factor was ‘yes’, for the disgust emotion only (F (1, 16)=4.69, p<0.05, 

ηp2=0.24). The effect was not statistically significant for ‘ADHD-no’ nor 

was it significant for any other emotion. Pairwise comparisons from simple 

effects analysis were conducted. Children with ADHD-only had signifi-

cantly more total fixation numbers to disgust emotion faces (mean = 8.31) 

than typically developing children (mean = 6.75) and children with ASD-

only (mean = 6.75) (p<0.05). There was a trend for those with ADHD-

only to have a higher number of total fixations to disgust emotion faces 

than children with ASD+ADHD (mean = 7.16) however this did not reach 

significance (p=0.15). The ASD+ADHD group did not significantly differ 

on total fixation numbers to disgust emotion faces compared with ASD-

only or typically developing children (p=0.60) as shown in Figure 3.2 
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Figure 3. 2: ASD Factor by ADHD factor on Total Fixation Number 

(TFN) to faces showing disgust (Error Bars 95% CI) 

 

Significant main effects and interactions independent of fixed factors are 

tabulated at the end of the Section (Table 3.3). 

 

Total fixation duration 

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on total fixation duration to the face stimuli as 

described in the previous section for total fixation number. There was no 

significant effect between or within subjects on any of the factors for total 

fixation duration to the stimuli. This is useful to note as it shows that chil-

dren did not differ significantly on how long they fixated at the stimuli 

overall. 
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Mean fixation duration  

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on mean fixation duration to the face stimuli as 

described for total fixation number. There was a significant main effect of 

ADHD (F (1, 37)=4.86, p<0.05, ηp2=0.12) with lower mean fixation dura-

tion in those with (mean=612.6) than without (mean=782.9) ADHD. 

There were no other significant effects or interactions. As no interaction 

between ADHD Factor and Emotion on mean fixation duration was 

found, this suggests that fixation duration is reduced across all face stimuli 

independent of emotion type  in those with ADHD (ADHD and 

ASD+ADHD) compared to those without ADHD (ASD and typically de-

veloping controls).   

In summary, ADHD showed a significant main effect on temporal 

eye tracking measures. Specifically, mean fixation duration to facial stimuli 

was significantly lower in those with ADHD than in those without. Total 

fixation number was higher in those with ADHD than with those without. 

However, this effect was mitigated by ADHD with ASD having a lower 

fixation number for disgust (and thus the overall main effect for ADHD on 

total fixation number being of borderline significance). Children did not 

significantly differ on total fixation duration to facial stimuli, suggesting 

that the findings for the other temporal measures found in ADHD are not 

due to a lack of general attention to the stimuli but rather due to a tendency 

for faster fixations (and therefore shorter durations). In order to determine 

the distance between the fixations, spatial measures were covered in the 

next Section. 
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SPATIAL MEASURES 

 

Spatial eye tracking measures are described in Table 3.1 and are an indica-

tion of the distance between the fixations (breadth of attention).  

Fixation scanpath length 

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on fixation scanpath length when viewing face 

stimuli as described for total fixation number. There was a significant main 

effect of ADHD (F (1, 37)=7.72, p<0.01, ηp2=0.17) between subjects, with 

longer scanpath lengths in those with (mean=174.6) than without 

(mean=139.1) ADHD. As no interaction between ADHD factor and 

‘Emotion’ on fixation scanpath length was found, this suggests that fixa-

tion scanpath length is increased across all face stimuli independent of 

emotion type  in those with ADHD (ADHD and ASD+ADHD) compared 

to those without ADHD (ASD and typically developing controls).  As fixa-

tion scanpath length gives a measure of the total distance between all fixa-

tions, this suggests that the total scanpath length of those with ADHD is 

longer than those without ADHD.  

 

Mean length between fixations 

In addition to the total scanpath length described above, the mean distance 

between fixations gives an indication of the average distance between each 

fixation providing further fixation information over the trial time. A 

mixed-design ANOVA was performed to identify effects of ASD, ADHD 
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and emotion type on mean length between fixations when viewing face 

stimuli. There was a significant main effect of ADHD (F (1, 37)=4.35, 

p<0.05, ηp2=0.11) between subjects, with longer mean length between fixa-

tions in those with (mean=22.50) than without (mean=20.03) ADHD. 

This suggests that in addition to the total scan path length being longer as 

shown by fixation scanpath length in the previous subsection, the mean 

distance between the fixations is also increased indicative of all fixations 

within the scanpath being increased in those with ADHD compared to 

those without.  As no interaction between ADHD Factor and Emotion on 

mean fixation length was found, this suggests that mean fixation length is 

increased across all face stimuli independent of emotion type in those with 

ADHD (ADHD and ASD+ADHD) compared to those without ADHD 

(ASD and typically developing controls). 

 

SD of length between fixations 

A mixed-design ANOVA was performed to identify effects of ASD, 

ADHD and emotion type on SD of distance between fixations when view-

ing face stimuli. There was no effect of ADHD (F (1, 36)=0.51, p>0.05, 

ηp2=0.01) . This suggests there is no significant variability of distance be-

tween fixations in those with ADHD. There was no significant effect be-

tween or within subjects for the other factors, including ASD. 

In summary, ADHD factor showed a significant main effect on spa-

tial eye tracking measures. Specifically, fixation scanpath length and mean 

length between fixations to facial stimuli were significantly longer in those 
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with ADHD than in those without. There was no main effect of SD length 

between fixations, suggesting no significant difference in variability in the 

distance between fixations in those with ADHD or ASD. There was no 

within-subjects effect for spatial measures on the type of emotion, suggest-

ing that those with ADHD have an atypically extensive scanpath to facial 

stimuli regardless of emotion type.  

In summary, findings for the temporal and spatial measures indi-

cated that the scanning of emotional faces was both rapid and long in those 

with ADHD (ADHD and ASD+ADHD) compared to those without 

ADHD (ASD and typically developing controls).  Although rapid and 

longer scanning has been linked with increased processing and broader at-

tention, excessively extensive scanning could be indicative of atypical pro-

cessing. This is also consistent with the qualitative effects of increased scat-

ter in ADHD, described in Chapter 2. In the next section, correlates of sig-

nificant temporal and spatial measures with ADHD symptoms and emo-

tion accuracy scores were presented. 

Table 3.3 shows the significant main effects and interactions inde-

pendent of ASD and ADHD fixed factors for the repeated measures 

ANOVA analyses described thus far in this chapter.  

 

 

  



    

Table 3. 3: Summary of significant main effects for emotional faces independent of fixed factors for all children 

Dependent 
variable(s) 

Independent 
variable/ 
Interaction  

Main 
effect 
(F) 

Direction of effecta 
(mean dependent variable) 

Accuracy to 
faces 
Accuracy to 
eyes only  

Emotion  47.35d Happy (0.95) > sad (0.82)d  > anger (0.63)d  > fear (0.43) < disgust  (0.71)d  < surprise (0.81)f 

 

Emotion  40.55d Happy (0.89) > sad (0.58)d < anger (0.70)  > fear (0.27)d < disgust (0.42)d < surprise (0.72)d 

   

DT to faces  
(ms) 

Interest Area 12.45d Left eye (635.96)  > right eye (489.82) < mouth (1030.30)d 

 

 Emotion  4.69 d Happy (719.73) > sad (700.22) <anger (740.98)f > fear (670.38)f < disgust (706.15) < surprise (774.70)e 

 

 Interest Area* 
Emotionc 

 5.76d Left eye (635.96) >right eye (489.82) for fearf  

Happy (574.2) < sad (600.98) < anger (688.43)f > fear (649.48) > disgust (597.91) < surprise (704.68)f for left eye 
Happy (425.63) <sad (477.99) < anger (559.23) > fear (439.14)e > disgust  (402.80)  < surprise (634.13)d for right eye 
Happy (1159.28) > sad (1021.68)f > anger (975.28) >fear (922.51) < disgust (1117.72)e  > surprise (985.29)f for mouth 

TFN to faces Emotion   5.73d Happy (6.82) < sad (7.11) > anger (6.97) < fear (7.41)e  > disgust (7.24) < surprise (7.60) 

MFD to faces 
(ms) 
 

Emotion  2.74f Happy(730.28)>sad(708.34)<anger(727.86) >fear(679.53) <disgust (682.88)>surprise(657.83)b 

Happy > fearf; happy > surprisee;  
Anger > disgustf; anger > surprisef 

FSPL to faces Emotion   4.23e Happy (165.18) > sad (154.36) > anger (145.02) < fear (161.36)f > disgust (147.36) <surprise (167.65)e 

aFor significant main effects, planned contrasts were performed to identify which emotions differed from one another. For repeated planned contrasts, each category 

(except the first) is compared to the previous category (Field 2005). b If planned contrasts failed to show any significant differences between emotions, pairwise com-

parisons (LSD - Least Significant Difference) from simple effects analysis were conducted to identify the cause of the main effect. cSignificant interactions were fol-

lowed up by simple effects analysis and pairwise comparisons (LSD) dp<0.001; ep<0.01; fp<0.05; DT (Dwell Time); TFN (Total Fixation Number); MFD (Mean 
Fixation Duration); FSPL (Fixation Scanpath Length)



 
   

CORRELATION WITH CLINICAL SYMPTOMS 

 

Correlations between the significant temporal/spatial measures, symptom 

scores and emotion accuracy were performed. Correlations were not signif-

icant for temporal or spatial measures with SCQ, SAS or Conners’ HI and 

IA subscores (p>0.05). However, mean length between fixations correlated 

significantly with emotion accuracy (r=–0.36; p<0.05) with increased 

length of fixations associated with reduced emotion accuracy. No other 

spatial or temporal measures were significant with emotion accuracy 

(p>0.05).  

Although mean length between fixations did not correlate directly 

with parent rated ADHD symptoms it was associated with ADHD diagno-

ses in the previous section. In section 3.4.3.1, reduced DT to other facial 

features was associated with ADHD symptoms and poor social skills on 

the SAS but not emotion accuracy. As it could be conceived that a ‘hyper-

extensive’ scanning of face stimuli, indexed by increased mean length be-

tween fixations could be associated with DT to other (non-core) facial fea-

tures, this was tested. DT to other facial features significantly negatively 

correlated with mean length between fixations (r=–0.38; p<0.05); suggest-

ing that ‘hyper-extensive’ scanning of face stimulus indexed by increased 

mean length between fixations is associated with reduced DT to other fa-

cial features. In summary, these correlations could suggest a link between 

ADHD symptoms, atypical visual social-emotion attention (reduced DT to 

other facial features with increased mean length between fixations over the 

face stimulus), poor emotion recognition accuracy and social skills deficits 

on the SAS.  This association is represented in Figure 3.3. 
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Figure 3. 3: Visual social-emotional attention correlates 

ADHD IA (Inattentive) and HI (Hyperactive-Impulsive) symptoms on Conners’ parent 

rating scale, Social Aptitudes Scale (SAS) and emotion recognition; (**p<0.01, *p<0.05); 

Dwell time to other facial features = non-core features: face – (eyes +mouth) 

 

 HIERARCHICAL REGRESSION 
 

In order to test if IQ or oppositional symptoms had significant contribu-

tions to the dependent variable over and above ADHD and ASD factors, 

hierarchical linear regression was applied to the dependent variable as de-

scribed in Section 3.3.2. In order to reduce the number of linear regression 

models, only significant variables presented in Section 3.4.2.1, 3.4.3.1 and 

3.4.3.2 were entered as the dependent variable for each analysis. 

With regards to the dependent variable total emotional accuracy, hi-

erarchical linear regression revealed that ADHD significantly explained 

15% of the variance (p<0.05). When ASD factor was added into the analy-

sis, it explained a further 2% of the variance (p>0.05). When IQ was 

added, this explained a significant further 11% of the variance (p<0.05) 

over and above ADHD and ASD to the total emotional accuracy score. 

When oppositional symptoms were added in the final model, they ex-

plained a further nonsignificant 2% of the variance (p>0.05) over and 



152 
 

above ADHD, ASD and IQ. These results suggested that both ADHD and 

low IQ were significantly associated with lower emotional accuracy scores 

(see Appendix.V.; Table A.2). When accounting for other variables (ASD 

factor, IQ and oppositional symptoms) in the final model, although there 

was a trend for ADHD factor on the total emotional accuracy score, this 

no longer remained significant (p=0.13). IQ remained significant (p<0.05) 

for total emotional accuracy when accounting for the other variables. 

In order to explore this further, hierarchical linear regression models 

were run separately using each significant eye tracking measure as the de-

pendent variable. Hierarchical linear regression revealed that IQ signifi-

cantly explained 22% of the variance (p<0.01) for DT to the right eye, over 

and above ADHD and ASD factors. ADHD Factor no longer remained 

significant in the final model when the other variables were entered 

(p>0.15) however, IQ remained significant (p<0.01) for DT to the right 

eye. For all other visual attention variables, neither IQ nor ODD symp-

toms explained a significant amount of the variance over and above 

ADHD or ASD factors. When accounting for ASD factor, IQ and opposi-

tional symptoms in the final model, ADHD factor remained significant for 

DT to other facial features, mean fixation duration and fixation scanpath 

length (p<0.05). There was a trend for ADHD factor to remain significant 

when other variables were entered for total fixation number (p=0.06) how-

ever, ADHD factor was no longer significant for mean length between fix-

ations (p>0.15).  The significance of ADHD factor in the final hierarchical 

linear regression models when accounting for the other variables therefore 

provided mixed results related to the dependent variable being analysed. 
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Hierarchical linear regression model results tables for each dependent vari-

able were presented in the Appendix.V.  

 DISCUSSION  
 

The objective of this chapter was to determine if quantitative eye tracking 

measures during emotional face viewing are associated with emotion 

recognition deficits and symptom severity scores in ADHD and, if these 

eye tracking measures differ amongst the groups. Findings from this chap-

ter extends the work from chapter 2 on observational coding of atypical at-

tention to emotional faces in ADHD. To the author’s knowledge, this is 

one of the first studies to use eye tracking to investigate quantitative visual 

attention to emotional faces in ADHD, ASD and ASD+ADHD and typi-

cally developing children. A 2x2 factorial approach was used to investigate 

the effects of ADHD and ASD on visual attention to emotional faces. This 

section provides a discussion of main findings followed by the limitations 

and strengths of the study. 

3.5.1 DISCUSSION OF MAIN FINDINGS  
 

Reduced total emotional recognition accuracy was found in children with 

ADHD (ADHD and ASD+ADHD) compared to children without ADHD 

(ASD and typically developing controls). Global emotion recognition defi-

cits have been reported in ADHD (Da Fonseca et al. 2009; Kats-Gold, 

Besser, and Priel 2007; Seymour et al. 2013). However, other studies 

(Singh et al. 1998; Pelc et al. 2006; Aspan et al. 2014; Sinzig, Morsch, and 

Lehmkuhl 2008) have also reported specific emotion recognition deficits. 
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Findings from this study do not support specific deficits (e.g. towards an-

ger) as hypothesised, yet this could be related to differences in task type. In 

this study, only emotional faces were studied but Sinzig et al. (2008) found 

emotion-specific deficits and also included a neutral faces during emotion 

testing. Additionally, the lack of a neutral face or graded emotional inten-

sity stimuli could be part of the reason why children with ASD without 

comorbid ADHD did not show emotion recognition deficits in this study. 

It should however be noted that a similar pattern of group effects on global 

facial emotion recognition were found in our study and Sinzig et al. (2008), 

with better total emotion recognition in children with ASD and typically 

developing children compared to children with ADHD and ASD+ADHD. 

This similarity would argue against the lack of a neutral face contributing 

to better total emotion recognition accuracy in the pure ASD group com-

pared to those with ADHD and ASD+ADHD.  

When measuring visual social-emotional attention using eye tracking 

in this study, children with ASD (ASD and ASD+ADHD) had reduced 

Dwell Tine (DT; indexing viewing time) to the eyes and mouth of the face 

regardless of the type of emotion shown on the face. Furthermore, reduced 

DT to the mouth significantly correlated with repetitive stereotyped behav-

iours and communication subscores on the SCQ; suggesting that reduced 

DT to the eyes and mouth is core to repetitive stereotyped behaviours and 

communication difficulties in ASD. These findings are in keeping with re-

duced visual social-emotional attention in ASD (Chawarska and Shic 

2009). As children with ASD had atypical visual social-emotional attention 

to core features, despite intact emotion recognition accuracy this could be 
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suggestive of compensatory emotion recognition strategies in ASD 

(Harms, Martin, and Wallace 2010). 

In this study, those with ADHD fixated significantly less (indexed by 

DT) on other features of the face (forehead, nasal bridge and creases of the 

face) which are also important for emotion recognition (Boucher and 

Ekman 1975). This would suggest that children with ASD potentially find 

the core facial features (eyes and mouth) less salient when doing the task. 

Conversely, children with ADHD find the core facial features salient but 

do not utilise additional, more subtle information in the face during the 

emotion recognition task. As there were no interactions between the effects 

of ADHD and ASD on these eye tracking measures, those children with 

both ADHD and ASD have the additive effect of reduced DT to both core 

(eyes and mouth) and other facial features (forehead, nasal bridge, creases 

of the face). This would suggest that the comorbid group have additive ef-

fects from both disorders, suggestive of true comorbidity. These findings 

are in keeping with EEG studies investigating comorbidity between 

ADHD and ASD (Tye et al. 2014; Groom et al. 2017). 

In this study, hierarchical linear regression showed that lower IQ was 

also associated with reduced emotion recognition and viewing (indexed by 

DT) of the eye in right hemi-space; explaining a significant amount of vari-

ance over above ADHD and ASD factors. This suggests that children with 

ADHD and lower IQ that do not meet threshold for intellectual disability 

services (IQ<70) have additional difficulties with emotion recognition and 

visual social-emotional attention, which merit recognition and intervention 

in addition to ADHD and ASD. Contrary to the literature (Santosh and 
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Mijovic 2004; Airdrie et al. 2018), oppositional symptoms did not explain 

any of the findings over and above ADHD or ASD factors, suggesting dis-

ruptive externalising problems do not significantly explain differences 

found in this sample. 

Face scanning over space and time were quantified in this study by 

spatial and temporal eye tracking measures to emotional faces. Visual scan-

paths were much longer in those with ADHD and mean length between 

fixations also correlated negatively with emotion accuracy. Overall, this 

was apparent across all emotions, suggesting an atypical ‘hyper-extensive’ 

scanning style in those with ADHD which is associated with the lower 

emotion accuracy that was found in this group. It is important to note that 

mean length between fixations did not directly correlate with parent rated 

ADHD symptoms but an effect was found with ADHD Factor. This could 

be because ADHD diagnoses also include more information including im-

pairment and more detail about difficulties in more than one environment 

e.g. school. Unfortunately teacher ADHD ratings were not available for 

correlation analysis in this study. Findings from Serrano et al. (2018) how-

ever corroborate an association between visual attention and teacher but 

not parent rated ADHD symptoms. 

Although a direct association with emotion recognition and social 

skills severity (e.g. on the SAS or SCQ) was not found, findings from this 

chapter suggest an indirect link with emotion recognition accuracy and so-

cial kills. Visual social-emotional attention correlates revealed an associa-

tion with ADHD symptoms and emotion recognition accuracy and DT to 

other facial features.  DT to other facial features was also associated with 
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social aptitude scores suggesting a possible association between ADHD 

symptoms, visual attention and social aptitude (as shown in Figure 3.3). As 

these correlates were not formally tested as pathways, findings should be 

considered preliminary until replication with structural equation modelling 

has been undertaken. Findings from this chapter, extend the findings of 

Buitelaar et al. (1999) who found an association with emotion recognition 

and performance IQ but not ASD symptom severity in children with ASD 

and ADHD. Buitelaar et al. (1999) suggested that emotion recognition 

deficits could be linked with visuospatial abilities and we have found an 

association with poor emotion recognition and atypical spatial eye tracking 

measures suggestive of ‘hyper-extensive’ scanning in children with ADHD.  

In addition, we found a link with ADHD symptom severity, reduced 

Dwell Time (DT) to other facial features and reduced social skills on the 

SAS but not the SCQ. This suggests social difficulties in children with 

ADHD are primary to ADHD symptom severity rather than core ASD 

symptoms. This is important as it answers one of the main questions of the 

thesis providing further insight into social difficulties in ADHD.   

3.5.2 LIMITATIONS, STRENGTHS AND FUTURE DIRECTIONS 
 

Despite two further rounds of recruitment, the sample size remained small; 

after which funding and time limitations ensued. Although the sample size 

was small compared with the projected estimated sample size calculated in 

section 2.2.1, the analytical 2x2 factorial approach increased the power of 

the study. A post hoc power calculation based on this 2x2 analytical ap-

proach showed there was sufficient power (87.7%) to find an interaction 
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with a medium effect size as described in section 3.2.2. Furthermore, an in-

teraction for emotion type by ASD by ADHD on total fixation count was 

found with a medium effect size (ηp2=0.07); substantiating sufficient power 

to detect an interaction of medium effect size. Nevertheless, this is the first 

study to the author’s knowledge that has investigated quantitative visual 

social-emotional attention using eye tracking in children with ADHD, 

ASD, ADHD+ASD and typically developing controls, making it an im-

portant pilot study. 

Due to study time limitations, the ADOS was only performed in a 

subset of children. However, ADOS confirmed the diagnosis from the 

DAWBA in all cases. The participants were well categorised and all chil-

dren with ADHD were either stimulant naive or off the stimulant medica-

tion minimising confound due to medication. 

As described above, task stimuli included exaggerated emotional 

faces without exclusion of a neutral face. The task was, however, an 

adapted version of the Frankfurt test and training of social affect (FEFA) 

(Bolte et al. 2002), improving potential clinical transferability. The neutral 

face was excluded as it was hypothesised that children with ADHD may 

pick this emotion when they were not sure about the emotion or when they 

were bored, potentially biasing accuracy scores. In order to consider visual 

attention to neutral faces, this will be examined specifically in Chapter 5 of 

this Thesis. The importance of future studies testing the effects of stimulant 

and non-stimulant medication for ADHD and social skills training on 

atypical visual social-emotional attention and social skills deficits are dis-

cussed in Chapter 7.  
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Surprisingly, ASD did not have an effect on any of the temporal 

and spatial eye tracking measures presented in section 3.3.3.2, contrary to 

our prediction of restricted scanpaths in ASD. As our findings relates to 

static faces, future studies using interacting dynamic stimuli such as videos 

are more likely to reveal restrictive scanpaths in ASD, as shown in the re-

cent case study by Tsang et al (2018). 

Finally, as the task in this study prompted children to look at faces 

and select emotions, spontaneous emotion recognition and understanding 

without any prompts could lead to differing results in children with ASD 

who benefit from such scaffolding. In Chapter 4, visual social-emotional at-

tention will be measured using eye tracking during free viewing of social 

scenes from the ADOS without prompting or priming to look at faces. 

3.5.3 IMPLICATIONS 

In conclusion, findings suggest that children with ADHD have atypical 

‘hyper-extensive’ scanpaths when viewing emotional faces and that this 

correlated with poorer emotion recognition accuracy.  ADHD symptom 

severity was also associated with reduced Dwell Time (DT; indexing visual 

attention) to other facial features which was associated with reduced social 

skills on the SAS but not the SCQ. This later finding suggests an independ-

ent pathway for poor social skills linked to ADHD symptom severity 

which is separate to core ASD symptoms on the SCQ. This is a very inter-

esting finding as it provides evidence of social difficulties in children with 

ADHD primary to ADHD symptom severity rather than core ASD symp-

toms. This has important clinical implications, suggesting that these social 
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skills deficits could be amenable to treatment primarily for ADHD; provid-

ing further evidence for the importance of early identification and treat-

ment of ADHD (Sayal et al. 2018).  

 On the whole, the atypical ‘hyper-extensive’ scanpaths and reduced 

DT to other facial features in those with ADHD was not mitigated by co-

occurring ASD. ASD (ASD and ASD+ADHD) was characterised by re-

duced looking to core features of the face (particularly the mouth). These 

findings suggest that having ASD+ADHD leads to an additive effect 

across different aspects of visual attention to emotional faces, specifically 

‘hyper-extensive’ scanpaths with reduced looking to core and other facial 

features. This could explain the poorer long-term prognosis of children 

with both disorders. Improving emotion recognition may have significant 

benefits in the comorbid group in particular and the inclusion of strategies 

for recognising deficits in emotion recognition including looking to both 

core and other facial features may be helpful in practice. As the emotional 

faces task in this study was an adapted version of the Frankfurt test and 

training of social affect (FEFA), which also teaches emotions (Bolte et al. 

2002), the effect of intervention on atypical visual social-emotional atten-

tion in future studies are discussed further in Chapter 7. 

In the next chapter, visual social-emotional attention to a commonly 

used tool in ASD assessment is examined in a new sample of children with 

ADHD, ASD, ASD+ADHD and typical development. 
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4 STUDY OF VISUAL ATTENTION TO AU-

TISM DIAGNOSTIC OBSERVATION 
SCHEDULE IMAGES IN SAMPLE 2  

 

In the previous chapter, visual attention to emotional faces in an emotion 

recognition task was tested and children with ADHD showed atypical vis-

ual social-emotional attention and reduced accuracy in emotion recogni-

tion. As the emotions task specifically asked the children to name emo-

tions, this required an element of active judgment and priming to look at 

the faces. Furthermore, in the previous chapter although children with 

ASD showed reduced dwell time to core facial features (eyes and mouth), 

this did not relate to emotion recognition ability.  

In clinical and research settings the Autism Diagnostic Observation 

Schedule (ADOS) is commonly used to aid with diagnostic assessment of 

ASD. In order to increase the likelihood of finding both atypical emotion 

recognition and visual social-emotional attention in ASD, images from the 

ADOS were used in this chapter as it was predicted that children with 

ASD would show deficits on the ADOS which includes testing of sponta-

neous emotion recognition. Visual social-emotional attention was meas-

ured using eye tracking during free viewing of social scenes selected from 

images used in the ADOS. Children were not given an explicit task to com-

plete during eye tracking. ADOS images consisted of 3 pictures and 2 car-

toons, described in Section 4.1.3. The full ADOS was then administered af-

ter eye tracking of ADOS images. As the ADOS is a commonly used as-

sessment tool for ASD, the potential association of visual social-emotional 

attention and ADOS scores is of interest to clinicians. This could provide 
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additional objective measurement about where and how a child looks at 

the images alongside ADOS scores.   

Quantitative visual social-emotional attention to social scenes have 

been studied in ASD using eye tracking. However, to the author’s 

knowledge, visual social-emotional attention to ADOS images has not yet 

been investigated. Previously studied eye tracking measures from social 

scene perception in ASD literature were used. These eye tracking measures 

included Dwell Time (fixation duration to faces), Fixation Count (explora-

tion and processing within faces) and First Fixation Time (latency to orient 

and attend to a face). A supplementary measure, Run Count which indexes 

exploration and processing between faces was also measured in the ADOS 

cartoon images which depict interactions between two characters in the 

scene. 

In this chapter, visual social-emotional attention during free view-

ing of social scenes in the ADOS was compared amongst the groups and, 

association of visual attention to ADOS images with clinical symptom se-

verity including spontaneous emotion recognition was analysed. This seeks 

to address the questions of the thesis on the association of visual attention 

to social scenes from the ADOS and spontaneous emotion recognition dif-

ficulties on the ADOS; a commonly used clinical tool in the assessment of 

ASD. This chapter presents findings from a new sample of children 

(ADHD, ASD, ASD+ADHD and typically developing controls). 
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 STUDY METHODS 
 

4.1.1  PARTICIPANTS  
 

Participants were recruited as part of a larger study called the Study of At-

tention and Arousal in Neurodevelopmental Disorders—SAAND, funded 

by The Baily Thomas Charitable Fund and The Waterloo Foundation 

(grant number 980-365) within the Division of Psychiatry and Applied Psy-

chology at the University of Nottingham. Participant recruitment and in-

clusion and exclusion criteria were very similar to those described for the 

SOCCA study as described in Chapter 2 (Section 2.2). Important differ-

ences in recruitment include the expansion of geographical sites from Not-

tinghamshire to the wider East Midlands region. This yielded a larger sam-

ple size than the previous study. Children aged 7-15 years were recruited to 

the study. Although many children had prior diagnoses of ASD or ADHD, 

some children (awaiting assessment) who were deemed high risk by 

CAMHS of a neurodevelopmental disorder were recruited as long as they 

met study inclusion criteria as described in Section 2.2. Ethical approval 

for the study was given by the East Midlands Research Ethics Committee 

(REC) (17/EM/0193), IRAS project number 220158.  

4.1.2 SYMPTOM AND DIAGNOSTIC MEASURES 
 

Methods for symptom and diagnostic measures were very similar to those 

described for the SOCCA study, described in Chapter 2 (Section 2.2). The 

main exceptions being, that in addition to parent informants, teacher Con-

ners’ rating scale and SCQ were requested for the participants in this study. 

Furthermore, in this study, parents completed the DAWBA directly 
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online. Updated versions of the Conners’ rating scale (Conners’ 3rd Edition, 

Conners’ 3 and DSM-5 update, 2014) and ADOS (ADOS-2, Autism Diag-

nostic Observation Schedule 2nd Edition, 2014) were also used in this 

study; which has also been updated with the DSM-5 criteria. ADOS-2 as-

sessments were carried out by PK and IA, who have research reliability ac-

creditation. The ADOS-2 modules 3 and 4 were used as described for 

ADOS in Chapter 2 (Section 2.2 and below). As the ADOS is very similar 

to ADOS-2, the term ADOS will be used interchangeably to include the 

second version for the rest of the Thesis.  

As this chapter presents visual social-emotional attention to images 

taken directly from the ADOS, further details of the ADOS tasks are de-

scribed here. The ADOS module 3 consists of 14 activities with 29 accom-

panying items and module 4 consists of up to 15 activities with 32 accom-

panying items (Lord C 2012). Both modules are examined in a manualised 

fashion and take approximately 45-minutes to complete. Both modules 

contain the activities ‘Description of a Picture task’ and the ‘Cartoons’ 

task’. 

Throughout the ADOS activities, the child’s behaviour is observed 

and scored on several items within each of the 5 domains. As an example, 

domains for module 3 include: A—Language and Communication (9 

items); B—Reciprocal Social Interaction (11 items); C—Imagination (1 

item); D—Stereotyped Behaviours and Restricted Interests (5 items); and 

E—Other Abnormal Behaviours (3 items). Each item is given a code from 

0 to 3 which is then converted to a score. 
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Based on the module 3 algorithm, only certain item scores from do-

mains A, B and D are then summed to provide the ADOS total score. Au-

tism spectrum disorder (ASD) is suggested on the ADOS if the participant 

scores at or above 7 based on the module algorithm (Lord C 2012). 

Within the reciprocal social interaction domain, the ADOS also has 

scores related to emotion recognition. For the purposes of this Thesis, the 

‘Comments on Others’ Emotions/Empathy’ subscore was used in the anal-

ysis. This emotion subscore reflects the participants’ spontaneous emotion 

recognition, understanding and response to feelings of others throughout a 

series of tasks. It is scored from 0 to 2 with higher scores reflecting less 

spontaneous emotion recognition. Further details of how this ADOS emo-

tion recognition subscore is generated in the ADOS scoring procedure, are 

presented in the Appendix.III. 

In contrast to the facial emotion recognition task described in Chap-

ters 2 and 3, the ADOS emotion recognition subscore relies on spontane-

ous recognition of emotion in complex social scenes and stories without 

prompting. Therefore, it was predicted that this particular subscore would 

be closely related to visual attention to faces within the ADOS images. 

Although the emotion recognition subscore is generated in modules 

3 and 4, only module 4 includes the subscore in the final domain and total 

diagnostic algorithm scores. As described in Section 2.2.2.4, the module 

chosen is based on the child’s verbal ability and maturation. Module 3 was 

designed to be administered to verbally fluent children up to the age of 15-

years-old. Module 4 was designed for verbally fluent, older adolescents but 
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can be used in younger adolescents based on their maturity and attitude to 

play materials. In this study sample, 18.6% had a module 4 compared with 

81.4% who had a module 3. As the central aim of this Thesis was to inves-

tigate emotion recognition in ADHD, it was important to analyse the 

ADOS emotion recognition subscore, in addition to the total ADOS score 

as emotion recognition may not be reflected in the total ADOS score in 

those who were administered Module 3. 

The ADOS image stimuli for eye tracking described below in Sec-

tion 4.1.3 were chosen from the ‘Description of a picture task’ and ‘Car-

toons task’. The images were chosen as they lend themselves particularly 

well to visual social-emotional attention and, provide many opportunities 

to label or comment on emotions during the ADOS examination. The im-

ages were predicted to provide the most likely chance of finding a relation-

ship between visual social-emotional attention and emotion recognition 

subscore; which was one of the primary questions of this Thesis. 

The ‘Description of a Picture Task’ requires the child to simply de-

scribe what they see in the picture and is designed to test what captures the 

child’s interest and give examples of their spontaneous communication in 

the ADOS examination. 3 pictures are available for this task and all 3 were 

used in the eye tracking study but only 1 picture is required in the ADOS 

examination which was carried out after the eye tracking procedure (see 

Section 4.1.4 which shows the 3 pictures). 
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In the ADOS ‘Cartoons task’, 2 cartoon series (‘Cat’ and ‘Mon-

keys’) which contain 6 cards each are available for use in the ADOS exam-

ination. This task provides an opportunity for the child to comment on the 

emotions of the characters in the stories and observes how they narrate a 

story (Lord C 2012). Again, one card from each Cartoon series available 

was used in the eye tracking procedure of the study but only one Cartoon 

series (either A or B) is required in the ADOS examination which was car-

ried out after the eye tracking procedure. Each cartoon series depicts a se-

quence containing two characters; the cat and the fisherman in the Cat 

Cartoon (Series A) and the two monkeys in the Monkeys Cartoon (Series 

B; see Section 4.1.4 which shows the card used from each of the Cartoon 

series). 

In order to understand the reasoning for the particular cartoon cards 

from each series that were chosen for eye tracking and the subsequent vis-

ual attention measures extracted, a brief explanation of the cartoon series is 

given below. Both cartoons series show interaction between the characters 

and include items being taken and characters getting angry in response. 

The Cat Cartoon depicts a man fishing who is unaware of the cat behind 

him who wants to steal the fish. The man puts the fish in the bucket and 

the cat steals it and then places it in another bucket that turns out to be the 

beak of a pelican, who then flies off with the fish. The card chosen for the 

eye tracking from the Cat Cartoon is the first in this series where the man is 

happy fishing and the cat is wanting to steal the fish. This card was chosen 

because it contains positive emotions with both characters smiling. The 

man is the potential victim and the cat is the potential perpetrator. 
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In the Monkeys Cartoon series, the first monkey in the tree is col-

lecting coconuts and then a second monkey comes along unaware how co-

conuts got there and starts taking them. The first monkey then realises his 

coconut has been taken and so he hits the second monkey on the head with 

one of the coconuts (see Appendix.IV, for full series’ of cartoons from the 

ADOS examination). The card chosen for the eye tracking from the Mon-

keys Cartoon is the last in this series where the angry monkey in the tree 

has hit the monkey on the ground, who is in pain. This card was chosen 

because it contains negative emotions. The monkey in pain on the ground 

is the victim and the angry monkey in the tree is the perpetrator. 

Although the eye tracking of ADOS images was tested in all partici-

pants (see next Section), it was only possible to complete the full ADOS 

examination in the clinical participants of the study. The ADOS examina-

tion was completed in 95.16% of clinical participants (n=59/62). 

4.1.3 EYE TRACKING PROCEDURE AND TASK STIMULI 
 

Participants viewed stimuli while their eye gaze was measured on 

the EyeLink 1000 Plus eye tracker (SR Research Ltd. 2017). The EyeLink 

1000 Plus eye tracker has a sampling rate of up to 2000Hz binocular with 

head supported and accuracies up to 0.15 degrees and resolution of 0.01 

degrees. In this study, the sampling rate was 500Hz (sampling every 2ms) 

which is double the rate of the eye tracker used in the first study described 

in Chapter 2. The eye tracking apparatus was set up as described in the first 

study (with head supported). However, the EyeLink eye tracker was placed 

near the viewing screen rather than over the headrest. 
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Stimuli were presented on a screen (48cm wide x 27cm height), 

60cm from the participant. Participants had their head supported using a 

chin mount and head rest during the testing and a 9-point calibration was 

completed prior to the task. Laboratory room luminance was measured us-

ing a photometer to ensure luminance consistency (between 70–90 lux) for 

each testing session. Participants were verbally instructed to look at the 

stimuli whichever way they liked. 

Stimuli consisted of the three pictures selected from the ADOS ‘de-

scription of a picture’ task (Holiday, Hollywood and Meal) and two car-

toon cards from the ADOS cartoons task (one card from each card set; im-

ages are shown in Section 4.1.4). ADOS images were resized to 16cm wide 

x 10cm height. A central fixation cross was presented for 100ms inter-

spersed by the ADOS images which were presented in a random order for 

20 seconds each. 

As shown in Section 4.1.4, the pictures from the ADOS are colour-

ful, content dense with many faces and other objects such as vehicles or 

planes that can take the participants interest. The faces were deemed the 

most social parts while the vehicles and buildings were the most non-social 

parts of the pictures. The majority of the faces in the pictures range from 

neutral to positive. The 3 pictures range slightly in content density with the 

most faces in the Holiday picture, the least number of faces in the Meal 

picture and the Hollywood picture having a number midway, between the 

other two pictures. The crowding of the components and the contrast of 



170 
 

colours was also deemed to be in a similar descending order for the 3 pic-

tures (with the Holiday picture having the most components and brightest 

colours and the Meal the least). 

The cartoons on the other hand are black and white and depict so-

cial interactions between two characters. The emotions vary among the 

characters with more positive emotions in the Cat Cartoon image and 

more negative emotions in the Monkeys Cartoon image (Figures 4.4 and 

4.5). For the purposes of this study, the Cat Cartoon image was classed as 

positive valence and the Monkeys Cartoon image as negative valance. As 

described in the previous Section, the specified cartoon image depicts fu-

ture and current victim and perpetrator status of the characters in the cat 

and the Monkeys cartoons, respectively. 

The eye tracking tasks to the ADOS images was completed before 

the full ADOS assessment which was completed in full separately. The ma-

jority of participants did not have prior knowledge of the ADOS images be-

fore doing the eye tracking tasks. The eye tracking tasks, including the cali-

bration took approximately 5 minutes for participants to complete. 

4.1.4 DATA EXTRACTION 
 

Raw eye tracking data was processed using the EyeLink 1000 Plus accom-

panying software EyeLink Data Viewer. This software allows for interest 

areas such as faces to be isolated from the rest of the image and visual at-

tention to be measured within the specified interest area. In addition to DT 

described in Chapter 3, this software provides automated extraction of a 
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wide range of additional eye tracking  measures defined within the speci-

fied interest area. 

For the ADOS pictures, two types of interest areas were created a 

priori, faces (denoted by circles) and non-social areas (denoted by rectan-

gles). Faces needed to be in full view to be selected as a social interest area 

(for example the back of the head or faces obscured by a large hat or 

glasses were not selected). Non-social areas included any vehicle or build-

ing in the pictures and were selected as they were deemed as the most non-

social ‘mechanical’ areas of the pictures (see Figures 4.1–4.3). Although 

food and trees could be classed as non-social, these were not included as 

they are more organic in nature and could be visualised for other reasons 

for example food due to hunger in the participant. Interest areas were cre-

ated for the faces in the cartoons (see Figures 4.4–4.5). 
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Interest areas over ADOS images  

 

Figure 4. 1: Holiday ADOS Picture 

Interest areas denoted as purple circles for faces and purple rectangles for vehicles and 
buildings. 

 

 

Figure 4. 2: Hollywood ADOS Picture  

Interest areas denoted as purple circles for faces and purple rectangles for vehicles and 
buildings. 
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Figure 4. 3: Meal ADOS Picture  

Interest areas denoted as purple circles for faces and purple rectangles for buildings. 

 

 

 

Figure 4. 4: ADOS Cat Cartoon (positive valence) 

Interest areas denoted as purple circles for faces. Figure shows cat (future perpetrator) and 
happy man fishing (future victim). 
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Figure 4. 5: ADOS Monkeys Cartoon (negative valence)  

Interest areas denoted as purple circles for faces. Monkey 1 is angry in the tree (current 
perpetrator), monkey 2 is in pain (current victim). 

 

Total stimulus length was analysed which corresponds to 20 sec-

onds for the ADOS images. A minimum fixation duration of 100ms was 

set to allow for shorter fixations while scanning complex pictures. Blink ar-

tefacts were removed by defining these as any periods of data where pupil 

size was equal to 0mm. 

Trials were removed if eye movement data was not continuously 

recorded for at least 25% of the trial time. Trial adequacy was verified us-

ing a two-step approach; firstly, the data was visually assessed in Data 

Viewer and secondly, a percentage acquisition was computed by Data 

Viewer for cross checking. The mean number of trials excluded per group 

are presented in the Appendix IV, Table A.25. 

Participants with more than 50% invalid trial data were removed 

from the analysis as described in Section 3.3.1. Of the initial 87 eligible 
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children recruited, two control children and one child in the ASD+ADHD 

group did not have adequate eye movement data using the described proce-

dure so 84 children were included in the final eye movement data analysis.  

As the stimuli vary based on colour, emotions and density, it can be 

conceived that using one single visual attention measure may fail to disen-

tangle what might be driving viewing patterns to these stimuli. As de-

scribed in Chapter 1, a range of eye tracking measures is likely to be re-

quired to distinguish complex neurodevelopmental disorders. This cer-

tainly appeared to be the case in the emotion recognition task in Chapter 3 

where, DT to interest areas in faces and spatial/temporal eye tracking 

measures gave additive findings, allowing for a fuller profile of visual so-

cial-emotional attention in ADHD. Furthermore, attentional patterns and 

priorities to people in scenes have been analysed by multiple eye tracking 

measures in ASD (Freeth et al. 2010). Eye tracking measures from social 

scene perception literature in ASD were included for extraction in this 

chapter as described below. 

In addition to Dwell Time (DT) which is an indication of viewing 

time to the specified interest area, two additional eye tracking measures 

were chosen for the main analysis. These included the First Fixation Time 

(FFT) and the Fixation Count (FC). The FFT to an interest area is indica-

tive of orientation to an interest area, for example time to orient to a face. 

This was important to test as faces are not preselected in everyday life and 

those with ASD have been shown to have slower orientation to faces 

(Freeth et al. 2010; Frost-Karlsson et al. 2019). The FC which is a measure 

of the number of fixations within an interest area was also extracted. The 
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FC allows for the estimation of the exploration and processing of a face 

(Table 4.1). 

A supplementary eye tracking variable, Run Count (RC) was ex-

tracted (a measure of the number of fixations between interest areas, e.g. 

between the faces in the cartoons) was also extracted for the cartoon im-

ages as these cartoon images contained complex interactions between char-

acters displaying varying emotions. This is important as it allows for a 

measure of the exploration and processing between faces in the cartoons 

compared to the FC which only gives a measure of attention within a face. 

Processing within and between faces is important in complex social scene 

perception and may have relevance to higher order social cognition such as 

ToM (Itier and Batty 2009). 

The pre-selected eye tracking measures described above were ex-

tracted using the interest area report function in EyeLink and are summa-

rised in Table 4.1. Trial eye tracking measures were extracted for each par-

ticipant as shown in Table 4.1. For the ADOS images, the sum of all the 

variables was calculated, except the FFT which was the minimum value. 
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Table 4. 1: Eye tracking measures, calculations and significance 

Eye tracking 
measure * 

Calculation  What the meas-
ure indicates 

Possible interpre-
tation of social 
processing** 

Viewing Time 

1) Dwell Time 
(DT) 

The sum of the du-
ration of all the fixa-
tions that fell in the 
interest area. 

Amount of time 
spent viewing the 
corresponding in-
terest area. 
 

Interest/Saliency  
Increased viewing 
time to face interest 
area could be asso-
ciated with in-
creased saliency to 
faces. 

2) Dwell Time 
percentage 
(DT %) 

Interest area 
DT/trial DT 
(the latter is the 
summed duration 
of all fixations 
within the trial 
time). 

Conversely, de-
creased viewing 
time to faces could 
be associated with 
decreased saliency 
of faces to the par-
ticipant. 

Exploration  

3) Fixation 
Count (FC) 

Total number of fix-
ations falling in in-
terest area. 

Exploration and 
processing of infor-
mation in interest 
area. 

1st order ToM 
Decreased pro-
cessing within faces 
interest area could 
suggest decreased 
1st order ToM. 

4) Run Count 
(RC)† 

Total runs of fixa-
tions in the trial 
(two consecutive 
fixations in the 
same interest area 
belong to the same 
run). 

Exploration and 
processing between 
interest area 
(RC=next fixation in 
another interest 
area relative to the 
current fixation). 

2nd order ToM 
Reduced RC indi-
cates reduced pro-
cessing across inter-
est area in ADOS 
images & could indi-
cate reduced 2nd or-
der ToM. 

Orienting 

5) First Fixa-
tion Time 
(FFT) 

Start time (in milli-
seconds relative to 
the start time of the 
current trial) of the 
first fixation to en-
ter the specified in-
terest area. 

Speed of orienting 
the minimum time 
to fixate to a face or 
a specified non-so-
cial interest area 

Central coherence 
Increased FFT to a 
face indicates 
slower orientation 
which could be re-
lated to weak cen-
tral coherence. 

* Eye tracking measures are defined as stipulated in the EyeLink Data Viewer manual. 

**Tentative interpretation of eye tracking measures and social processing. †Supplementary 

eye tracking measure extracted from cartoons. 
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4.1.5 RATIONALE AND HYPOTHESES 
 

Based on the findings from Chapter 3, children with ADHD showed atypi-

cal global visual social-emotional attention which differed from children 

with ASD. Although children with ASD had atypical visual social emo-

tional attention, emotion recognition on the task was normal. Further-

more, the predicted emotion-specific findings, such as poorer processing of 

negative emotions in ADHD were not found. This could be because of the 

type of task used, which required active judgements of emotion within the 

face and eye stimuli, and the comparison of 6 emotions rather than testing 

positive versus negative emotions.  

Hyper-activation of the medial prefrontal cortex to positive emo-

tions and hypo-activation to negative emotions has been reported in a 

study using fMRI to assess emotion processing during an emotional Stroop 

test in ADHD (Posner et al. 2011). Furthermore, in children with ADHD, 

haemodynamic cerebral activation of temporal brain regions when viewing 

expressions has been found to happy faces compared to angry faces which, 

was related to preserved ability to recognise happy but not angry emotions 

(Ichikawa et al. 2014). It has been postulated that atypical emotion pro-

cessing in ADHD may arise from deficits in orienting toward, recognising 

or allocating attention to emotional stimuli  (Shaw et al. 2014). As de-

scribed in Section 4.1.4, eye tracking measures in this chapter were ex-

tracted based on those previously studied in the ASD social scene percep-

tion literature which also include measures relating to orienting and allo-

cating attention to social stimuli. In particular, orienting to faces in social 
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scenes has been shown to be atypically slower in ASD compared to typi-

cally developing individuals (Freeth et al. 2010) and also compared to 

those with ADHD (Frost-Karlsson et al. 2019). The main aim of this chap-

ter is to compare visual social-emotional attention to ADOS images 

amongst the groups to analyse if the eye tracking measures can differenti-

ate ADHD from ASD and identify the basis of comorbidity between the 

two disorders.  

In summary, atypical visual social-emotional attention to social 

scenes (fixation duration and orienting to faces) has been found in those 

with ASD. However, this has not yet been studied in using the ADOS im-

ages from the ADOS which is a commonly used clinical tool, to assess for 

ASD. As free viewing of ADOS images which contain social-emotional 

scenes, allow for fixation duration and orienting to faces to be measured, it 

was predicted that the ADOS images would have most chance of differen-

tiating the groups. As the ADOS also tests for spontaneous emotion recog-

nition, the aim was also to address the other questions of the thesis, 

whether emotion recognition deficits are primary to ADHD or secondary 

to ASD and, if these eye tracking measures can help to explain the comor-

bidity between them. In order to expand visual social-emotional attention 

to include orienting and to potentially enhance the ecological and clinical 

validity of the Thesis, social-emotional scenes from the ADOS were used 

as stimuli.  

 ADOS PICTURES 

As described in section 4.1.4, the ADOS pictures are colourful and content 

dense and mainly of positive valence. In order to quantify visual social-
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emotional attention to ADOS pictures, eye tracking measures that tap into 

attention duration (reflected in Dwell Time; DT); exploration and pro-

cessing (reflected in Fixation Count; FC); and orienting (First Fixation 

Time; FFT) to social areas (faces) versus non-social areas (vehicles/build-

ings) were derived and compared between the groups. 

HYPOTHESES 

 

It was hypothesised that visual attention to social areas (faces) would be 

greater than non-social areas (vehicles/buildings). The predicted profile 

would include increased DT (indexing viewing time/interest), increased 

FC (indexing exploration) and, quicker FFT (indexing faster orienting) to 

social areas (faces) compared with non-social areas in the pictures. 

1) ADHD 

Based on the findings in Chapter 3 on typical visual attention 

to core social features of the face and the literature on typical pro-

cessing of positive valence described above, it was hypothesised that 

children with ADHD would have intact visual social-emotional at-

tention to predominantly positive valence ADOS pictures. Based on 

the findings from Chapter 3, with reduced visual attention to non-

core facial features, it was hypothesised that children with ADHD 

would have reduced visual attention to non-social areas compared 

with typically developing control children and children with ASD. 

This would lead to reduced DT, FC and slower FFT to the non-so-

cial areas. 
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2) ASD 

 Based on the findings from Chapter 3 and the literature pre-

sented above, it was hypothesised that children with ASD would 

have reduced viewing time/interest (DT), exploration (FC) and 

slower orienting (FFT) to the social areas (faces) than the non-social 

areas of the pictures compared to typically developing children and 

children with ADHD.  It was also hypothesised that this profile of 

atypical visual social-emotional attention would be more pro-

nounced in the pictures with highest content density. 

3) ASD+ADHD 

There is a lack of literature on the comorbid group although, 

it is hypothesised that if the comorbid group have both ASD and 

ADHD, they will have the additive effects of both conditions. This 

could lead to less viewing time/interest, exploration and increased 

orienting in both faces and non-social objects with reduced DT, FC 

and increased FFT in all pictures. 

 ADOS CARTOONS 

In order to test if atypical processing of emotional valence was present in 

ADHD, eye tracking measures (DT, FC and FFT) to faces were compared 

between the Cat Cartoon (positive valence) and the Monkeys Cartoon 

(negative valence). As the cartoons contained complex social interaction 

between two characters, measures to victim’s face versus perpetrator’s face 

in the cartoons was also compared. Furthermore, the Run Count (RC), in-

dexing exploration and processing between faces was also compared 

amongst the groups. 
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HYPOTHESES  

 

Based on the literature described in section 1.5.1, it was hypothesised that 

intact social-emotional processing indexed by typical visual social-emo-

tional attention to faces would indicate similar levels of DT, FC, RC, FFT 

to  both cartoons independent of valence of the cartoon.  

1) ADHD 

Based on the literature on reduced processing of negative 

emotions described in the literature review in Chapter 1, it was hy-

pothesised that children with ADHD have atypical visual social-

emotional attention to the negative valence (Monkeys) cartoon 

compared to the positive valence (Cat) cartoon.  Atypical visual so-

cial-emotional attention would include decreased DT, FC and RC 

to faces in the negative valence (Monkeys) cartoon compared to the 

positive valence (Cat) cartoon.  

2) ASD 

It was hypothesised that the complex social content of the 

cartoons would lead to a global emotion and face processing deficit. 

It was therefore predicted that children with ASD would have atypi-

cal emotion processing of both positive and negative valence emo-

tions with, atypical visual social-emotional attention to faces in both 

cartoons compared to typically developing children and children 

with ADHD. The predicted visual social-emotional attention profile 

would include decreased DT, FC, RC and slower FFT to faces in 

both cartoons compared to typically developing children and chil-

dren with ADHD. 
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3) ASD+ADHD 

There is a lack of literature on the comorbid group yet, it is 

hypothesised that if the comorbid group have both ASD and 

ADHD, they will have the additive effects of both conditions. This 

will lead to potentially more pronounced atypical visual social-emo-

tional attention than that seen in the ASD group and the ADHD 

group. However, if the comorbid group has a different visual social-

emotional attention profile to the pure groups then it was predicted 

that an interaction between ASD by ADHD fixed factors would be 

found. 

4.1.6 STATISTICAL ANALYSIS 
 

Group differences for the demographic and clinical scores was cal-

culated using univariate ANOVA. Group differences were followed up us-

ing post hoc tests which were carried out to allow for multiple compari-

sons. If Levene’s test of difference between group variances was significant, 

the Games-Howell post hoc test was used; otherwise Tukey’s test was 

used. 

The effects of ASD and ADHD on eye tracking measures were 

tested using mixed design ANOVA two-factor model, comprising ASD 

and ADHD as fixed factors (as described in Section 3.3.2). Significant find-

ings relating to the fixed factors (ASD Factor and ADHD Factor) will be 

reported in detail. However, significant effects that do not interact with the 

ASD and ADHD factors will be summarised and tabulated but not re-

ported in the main text. A detailed description of each analysis is given in 
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the corresponding subsections. It should be noted that all the mixed design 

ANOVAs described below are based on diagnostic groups derived from 

clinical consensus described in section 2.2.1 rather than ADOS scores 

alone. 

PICTURES 

 

Multivariate mixed design ANOVA was performed to test the effects of 

ASD and ADHD on eye tracking variables (DT, FC and FFT) to faces (so-

cial) versus non-social areas (vehicles/buildings) among the 3 ADOS pic-

tures. Picture, a within-subjects factor with 3 levels (picture 1: Meal, pic-

ture 2: Hollywood and picture 3: Holiday) was entered. The factor was cre-

ated in this way to reflect increasing image content density (defined by the 

number of faces, the crowding of the components and the contrast of col-

ours in the ADOS pictures) as it was hypothesised that visual attention 

would differ based on content density. Interest area was entered as the sec-

ond within-subjects factor and comprised two levels, faces and non-social, 

as it was hypothesised that visual attention to the face would differ from 

the selected non-social areas. ASD factor and ADHD factor were entered 

as between-subject fixed factors. This model was applied to three depend-

ent variables: DT, FC and FFT. Significant interactions were followed up 

by simple effects analysis. As DT percentage gave a similar pattern of re-

sults to DT, only results for DT are reported for brevity.  

CARTOONS 

 

A Multivariate mixed design ANOVA was performed to identify effects of 

ASD and ADHD on eye tracking variables (DT, FC and FFT) to faces of 
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perpetrator versus victim status in the ADOS Cartoons. Cartoon with two 

levels (Cat - positive valence cartoon and Monkeys – negative valence car-

toon) was entered as the first repeated measure. Face with two levels (Face 

1=perpetrator and Face 2=victim) was entered as the second repeated 

measure. The dependent eye tracking variables were entered individually 

(DT, FC and FFT). ASD factor and ADHD factor were entered as be-

tween-subject fixed factors. Significant interactions were followed up by 

simple effects analysis. A mixed design ANOVA was also run separately to 

compare the cartoons on Run Count indexing exploration between faces, 

as described in the corresponding results section. Pearson’s correlation co-

efficient was conducted to analyse associations between significant eye 

tracking variables and symptom severity subscales including the ADOS 

emotion recognition subscore. In order to test if IQ or oppositional symp-

toms had significant contributions to the dependent variable over and 

above ADHD and ASD factors, hierarchical linear regression was applied 

to the dependent variable as described in Section 3.3.2. 

Multiple linear regression was used to test how all the eye tracking 

variables described above, relate to the ADOS emotion recognition sub-

score and the total ADOS score, in order to test for the independent effects 

of the eye tracking variables in each ADOS image on ADOS scores. All of 

the eye tracking variables for each ADOS image were entered as independ-

ent variables using the stepwise method and the ADOS emotion recogni-

tion sub score or the total ADOS score was entered as the dependent varia-

ble. 
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A power calculation to estimate the number of participants required 

in each group was calculated using G*power software (version 3.1.9.2). In 

the literature, medium to large effect sizes (Cohen’s d= 0.4-0.7) have been 

found in the ADHD group compared to the control group for fixation la-

tencies to negative emotional faces in social scenes  (Serrano, Owens, and 

Hallowell 2018). Similar effect sizes have also been found for fixation la-

tencies to faces and people in scenes in children with ASD versus children 

without ASD (Cohen’s d=0.5-0.8) (Chita-Tegmark 2016; Frost-Karlsson et 

al. 2019). Effect sizes were not presented by Frost- Karlsson et al. (2019) 

so, the effect size was derived using G*power based on the mean, standard 

deviation and group sample numbers provided by the author in the original 

article. Using G*power, 25-30 participants per group were calculated as re-

quired in order to detect a medium to large effect size, with 80% power and 

an alpha criterion of 0.05.  

As the projected sample size based described above was not 

achieved in all the groups (Section 4.2.1), a post hoc power calculation 

based on the 2x2 factorial design described in this section was calculated 

using G*power in order to calculate the power to detect an interaction of 

medium effect size. Based on the actual sample size of 84, it was calculated 

there was 99.5% power to find an interaction between the ASD and 

ADHD factors with a medium effect size at an alpha criterion of 0.05. 
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 RESULTS 

4.2.1 DEMOGRAPHIC AND CLINICAL CHARACTERISTICS IN THE 

SAMPLE GROUPS 
 

As shown in Table 4.2, groups were well matched for age and there was a 

male predominance in all groups. Groups differed in mean Full Scale IQ (F 

(3, 79)=5.66, p<0.01, ηp2=0.18) with significantly lower scores in the ASD 

group (p<0.01) and ASD+ADHD group (p<0.01) compared to the control 

group. Groups also differed in mean Verbal IQ (F (3, 79)=5.49, p<0.01, 

ηp2=0.17) with significantly lower scores in the ASD group (p<0.05) and 

ASD+ADHD group (p<0.01) compared to the control group. Groups were 

better matched for Performance IQ (F (3, 79)=3.18, p<0.05, ηp2=0.11) with 

significantly lower scores between the ASD+ADHD group (p<0.05) com-

pared to the control group but not the other clinical groups (p>0.05; Table 

4.2). 

Groups differed significantly on the Conners’ DSM-5 IA T-score (F 

(3, 78)=52.38, p<0.001, ηp2=0.67) with significantly higher T-scores in all 

three clinical groups compared to control group (p<0.001). Groups also dif-

fered significantly on the Conners’ DSM-5 HI T-score (F (3, 78)=50.74, 

p<0.001, ηp2=0.66) with significantly higher T-scores in all three clinical 

groups compared to control group (p<0.001). Conners’ DSM-5 HI T-scores 

were significantly higher in the ADHD group (p<0.05) and the 

ASD+ADHD group (p<0.05) compared to the ASD group. Groups differed 

significantly on the Conners’ DSM-5 Oppositional T-score (F (3, 78)=32.31, 
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p<0.001, ηp2=0.55) with significantly higher T-scores in all three clinical 

groups compared to control group (p<0.001).  

The groups differed significantly on SCQ (F (3, 77)=34.11, p<0.001, 

ηp2=0.57) with significantly higher scores in all the clinical groups (p<0.001) 

compared to the control group. SCQ scores were also significantly higher in 

the ASD+ADHD group (p<0.05) compared to the ADHD group. Groups 

differed significantly on the SAS (F (3, 74)=37.70, p<0.001, ηp2=0.60) with 

significantly lower scores in all three clinical groups compared to control 

group (p<0.001).  

The clinical groups differed significantly on total ADOS scores (F (2, 

53)=21.76, p<0.001, ηp2=0.45) with significantly higher scores in the ASD 

group (p<0.001) and the ASD+ADHD group (p<0.001) compared to the 

ADHD group. The clinical groups did not differ significantly on the ADOS 

emotion recognition subscore (F (2, 53)=1.73, p>0.05, ηp2=0.06). Other dis-

orders including conduct and emotional disorders were present in all the 

clinical groups (Table 4.2). 

Based on parental report, seven children in the ADHD group and 

eight children in the ASD+ADHD group were regularly taking prescribed 

stimulant medication. Of the seven children in the ADHD group prescribed 

stimulant medication, three children were prescribed Medikinet XL, one 

child was prescribed Concerta XL, one child was prescribed Equasym XL, 

two children were prescribed Elvanse and, one child was also prescribed 

short acting Methylphenidate Hydrochloride in addition a long acting prep-

aration. Of the eight children in the ASD+ADHD group, four children were 
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prescribed Medikinet XL, two children were prescribed Elvanse and two 

children were prescribed stimulants where the preparation was not recorded. 

As described in Section 2.2, all children were withdrawn from any stimulant 

medication 24 hours prior to testing. Four children in the ASD+ADHD 

group and three children in the ADHD group were prescribed melatonin for 

sleep problems. 1 child in the ASD group was prescribed anti-depressant 

medication (Fluoxetine) for anxiety. None of the children from any of the 

groups were on non-stimulant or anti-psychotic medication.  

Raw eye tracking data and excluded trials per group are presented in 

Appendix VI., Table A.25. For the eye tracking analysis, excluded number 

of trials as described in the methods (Section 4.1.4) were not significantly 

different amongst the groups (F (3, 80)=0.61, p>0.05, ηp2=0.02). 

 

  



    

Table 4. 2: Demographic and clinical characteristics of the sample (n=84)  

                                                      Group                                                         Group effect 

ADHD 
(n=16) 

ASD  
(n=18) 

ASD+ADHD  
(n=28) 

Controls  
(n=22) 

F p Group differences 
(post-hoc) 

Mean age in years  
(SD; range) 

10.17  
(2.06; 
7.00-14-17) 

11.01 
(2.11; 
7.50-15.00) 

10.82  
(1.56; 
8.58-13.92) 

10.80  
(2.40; 
7.58-14.82) 

0.55 >0.05 n/s 

Gender % male  
(n male) 

68.8% 
(11) 

61.1% 
(11) 

75.0% 
(21) 

59.1% 
(13) 

0.56 >0.05 n/a 

Right hand domi-
nance** 

100% 
(14) 

88.2% 
(15) 

84.0% 
(21) 

90% 
(19) 

0.82 >0.05 n/a 

Right eye domi-
nance** 

50.0% 
(7) 

52.9% 
(9) 

68.0% 
(17) 

61.9% 
(13) 

0.52 >0.05 n/a 

Mean FSIQ   
(SD; range) 

111.44  
(10.37; 
96.00-128.00) 

103.53 
(15.41; 
75.00-125.00) 

103.04 
(19.47;  
77.00-140.00) 

119.00  
(9.83;  
100.00-138.00) 

5.66 <0.01 Controls > ASD  / ASD+ADHD b   

Mean VIQ  
(SD; range) 

113.19  
(7.88; 
102.00-
128.00) 

103.18  
(19.03; 
73.00- 
135.00) 

102.04  
(19.14;  
78.00- 
144.00) 

117.73  
(9.52;  
93.00- 
132.00) 

5.49 <0.01 
 

Controls > ASD c  / ASD+ADHD b   

Mean PIQ  
(SD; range) 

106.87  
(15.23; 
84.00-136.00) 

104.00  
(13.87;  
79.00-124.00) 

102.74  
(18.92; 
76.00-133.00) 

115.86 
(12.79; 
92.00-138.00) 

3.18 <0.05 Controls > ASD+ADHD c   

Conners’ IA T score  
(SD; range) 

83.50  
(10.97; 
52.00-90.00) 

77.44 
(12.47;  
54.00-90.00) 

84.04  
(7.62; 
60.00-90.00) 

52.05  
(5.98;  
41.00-59.00) 

52.38 <0.001 
 

Controls < ADHD / ASD /ASD+ADHD a 

 

Conners’ HI T Score  
(SD; range) 

85.69  
(7.17;  
69.00-90.00) 

75.71  
(12.57; 
54.00-90.00) 

84.70  
(8.92; 
57.00-90.00) 

53.23 
(5.56; 
40.00-59.00) 

50.74 <0.001 
 

Controls < ADHD / ASD /ASD+ADHD a 

ASD < ADHD  / ASD+ADHD c 
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Conners’ OD T Score  
(SD; range) 

81.75  
(10.55; 
61.00-90.00) 

77.12  
(15.08; 
44.00-90.00) 

83.48 
(11.04: 
50.00-90.00) 

52.95  
(7.20; 
41.00-74.00) 

32.31 <0.001 
 

Controls < ADHD / ASD /ASD+ADHD a 

 

SAS  
(SD; range) 

11.38 
(6.75;  
3.00-23.00) 

7.33 
(5.64;  
1.00-23.00) 

7.42 
(5.53;  
0.00-22.00) 

24.28 
(4.87;  
14.00-33.00) 

37.70 <0.001 Controls > ADHD / ASD /ASD+ADHD a 

 

Total SCQ  
(SD: range) 

16.19 
(7.22; 
3.00-31.00) 

19.31 
(6.12; 
11.00-31.00) 

21.41 
(6.48;  
9.00-33.00) 

4.45 
(4.75; 
0.00-12.00) 

34.11 <0.001 
 

Controls < ADHD / ASD / ASD+ADHD a   

ADHD < ASD+ADHD c 

ADOS Total score* 
(SD; range)  

5.00  
(3.35;  
0.00-14.00) 

14.00 
(4.86; 
7.00-22.00) 

14.08  
(5.18;  
5.00-23.00) 

n/a 21.76 <0.001 
 

ADHD < ASD  / ASD+ADHD a 

ADOS emotion  
recognition subscore*   
(SD; range) 

0.37 
(0.50; 
0.00-1.00) 

0.75 
(0.68; 
0.00-2.00) 

0.67 
(0.62; 
0.00-2.00) 

n/a 1.73 >0.05 n/s 

Oppositional and 
Conduct Disorders  

50.0% 
(8) 

52.9% 
(9) 

53.6% 
(15) 

0 - n/a - 

Emotional Disorders† 37.5% 
(6) 

64.7% 
(11) 

53.6% 
(15) 

0 - n/a - 

FSIQ=Full Scale Intelligence Quotient (WASI); VIQ=Verbal Intelligence Quotient; PIQ=Performance Intelligence Quotient; Conners’ Parent Rating Scale: IA (Inat-

tentive), HI (Hyperactive-Impulsive), OD (Oppositional) T scores (≥65 suggests difficulties in these areas).SAS=Social Aptitudes Scale (≤ 12 is suggestive of ASD); 

SCQ=Social Communication Questionnaire (≥15 suggestive of ASD); Rating scale scores shown are parent rated. ADOS=Autism Diagnostic Observation Schedule 

total score (Autism spectrum cut-off score ≥7).*ADOS total and emotion recognition scores not available for typically developing controls (n=22). **Missing data for 

hand and eye dominance (n=7). †Emotional Disorders include: general anxiety disorder, mild depressive episode, obsessive compulsive disorder or specific phobia 

(note: participants could have more than one disorder). Emotional, oppositional and conduct disorders were based on DAWBA computer diagnoses and confirmed 

by clinical rating as described in methods section (2.2.2.3).  a p<0.001; b p<0.01; c p<0.05.



 
   

4.2.2 ADOS PICTURES 
 

A multivariate mixed design ANOVA was performed to identify effects of 

ASD and ADHD on the 3 eye tracking variables to faces versus non-social 

areas in the three ADOS pictures as described in Section 4.1.6. 

There was a trend for a multivariate between-subjects effect of ASD 

on all the eye tracking variables, but this did not quite reach significance (F 

(3, 76)=2.30, p=0.08, ηp2=0.08). Univariate tests showed a significant ef-

fect of ASD factor for two out of the three dependent variables. Univariate 

analyses confirmed that DT was significantly reduced in those with ASD 

(1911.01ms) compared to those without ASD (2245.91ms; F (1, 78)=4.28, 

p<0.05, ηp2=0.05). FFT was increased in those with ASD (4952.67ms) 

compared to those without ASD (3641.71ms; F (1, 78)=5.06, p<0.05, 

ηp2=0.06). There was a trend for reduced FC in those with ASD (6.70) 

than without ASD (7.71; F (1, 78)=3.00, p=0.09, ηp2=0.04). This suggests 

that DT is reduced and FFT is slower to both faces and non-social objects 

in ASD. 

Although there was not an overall significant multivariate effect of 

interest area by ASD Factor across dependent variables (F (3, 76)=1.62, 

p>0.05, ηp2=0.06), univariate tests showed a significant within-subjects ef-

fect for ASD factor by interest area on DT (F (1, 78)=4.16, p<0.05, 

ηp2=0.05). There was no significant 3-way interaction with picture. Uni-

variate tests showed trends for ASD Factor by interest area on FC (F (1, 

78)=3.17, p=0.08, ηp2=0.04) and FFT (F (1, 78)=2.42, p=0.12, ηp2=0.03) 

but these did not reach significance. 
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The interaction between interest area and ASD factor on DT was 

followed up by simple effects analysis which showed a significantly re-

duced DT to faces in those with ASD (2204.53ms) than without ASD 

(2920.27ms; F (1, 78)=5.45, p<0.05, ηp2=0.07). There was no significant 

difference in DT to non-social areas in those with ASD compared to those 

without ASD. There was significantly increased DT to faces versus non-so-

cial areas within ASD (p<0.05) although, this finding was more robust in 

those without ASD (p<0.001), explaining the 2-way interaction between 

ASD and interest area. Overall, these findings suggest that DT to faces is 

specifically reduced in those with ASD compared to those without ASD 

(Figure 4.6). 

 

 
Figure 4. 6: ASD Factor on DT to Faces versus Non-social areas of 

ADOS Pictures (Error Bars=95% CI). 
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mean=7.63) than those without ASD (FC mean=9.72; F (1, 78)=3.92, 

p=0.05, ηp2=0.05), however this just failed to reach significance. There was 

no significant difference in FC to non-social areas in those with ASD com-

pared to those without ASD. There were significantly increased FCs to 

faces versus non-social areas within ASD (p<0.05), however, this finding 

was more robust in those without ASD (p<0.001; Figure 4.7) 

 

 

 
Figure 4. 7: ASD Factor on FC to Faces versus Non-social areas of 

ADOS Pictures (Error Bars=95% CI). 
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those without ASD. There were also no significant differences in FFT to 

faces versus non-social areas in those with ASD (p>0.05). However, in 

those without ASD, FFT to faces was significantly quicker than non-social 

areas (p<0.01; Figure 4.8). These results suggest that FFT to faces is slower 

than FFT to non-social areas in those with ASD compared to those with-

out ASD. 

 

 

 
 

Figure 4. 8: ASD Factor on FFT to Face versus Non-social areas in 

ADOS Pictures (Error Bars=95% CI). 
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In summary, DT and FFT differed for faces in those with ASD 

compared with those without ASD. DT and FFT to non-social areas did 

not differ significantly for those with and without ASD. This suggests that 

differences in viewing time/interest, indexed by DT and orienting, indexed 

by FFT in those with and without ASD are specific to faces in the ADOS 

pictures. As no effect of ADHD was found, this suggests typical visual so-

cial-emotional attention to ADOS pictures which are predominately of 

positive valence, in children with ADHD without ASD. 

 

 



    

Table 4. 3: Summary of significant main effects independent of fixed factors in ADOS pictures for all children 

Dependent variable (s) Independent variable/ 
Interaction  

Main effect 
(F) 

Direction of effectb 
(mean dependent variable) 

Multivariate tests  on all eye tracking varia-
bles (DT, FC, FFT) 

Interest Area 20.90c - 

Picture 8.92c - 

Interest Area*Picture 5.97c - 

Planned contrasts from univariate testsa    

DT (ms) Interest Area 26.83c Faces (2562.40) > non-social (1594.61)c 

FC Interest Area 23.30c Faces (8.67) > non-social (5.75)c 

FFT (ms) Interest Area 8.63c Faces (3671.62) < non-social (4922.76)d 

DT (ms) Picture  50.45c Meal (1305.14) < Hollywood (2848.55)c > holiday (2081.83)c 

FC Picture 51.97c Meal (4.55) < Hollywood (10.0)c  > holiday (7.08)c 

FFT (ms) Picture 16.64c Meal (5900.03)  > Hollywood (3264.43) c  < holiday (3727.11) 

DT (ms) Interest Area*Picture 0.01 - 

FC Interest Area*Picture 0.10 - 

FFT (ms) Interest Area*Picture 9.18d Faces (3804.66) < non-social (7995.40) in holidayc 
Faces (3158.73) < non-social (4295.49) in meale 
Faces (4051.47) > non-social (2477.39) in Hollywoode  

aPlanned contrasts were conducted on significant univariate tests from the multivariate analysis. For repeated planned contrasts, each category (except the first) is 
compared to the previous category (Field 2005) 

bSignificant univariate main effects from planned contrasts and significant interactions were followed up by pairwise comparisons (LSD)  from simple effects analysis 

cp<0.001; dp<0.01; ep<0.05.  

DT (Dwell Time); FC (Fixation Count); FFT (First Fixation Time); ms (milliseconds) 



 
   

 CORRELATIONS WITH CLINICAL SYMPTOMS 

 

Dwell time (DT; indexing viewing time) to faces in all the pictures signifi-

cantly negatively correlated with the communication (r=–0.32; p<0.01) 

and, repetitive stereotyped behaviour subscores (r=–0.27; p<0.05) on the 

SCQ. DT to faces in all the pictures did not significantly correlate with the 

social reciprocal interaction subscore on the SCQ (r=–0.09; p>0.05). There 

was also a trend for an association with DT to faces and the SAS but this 

did not reach significance (r=0.22; p=0.06). 

Fixation Count (FC; indexing exploration) to faces in all the pic-

tures significantly negatively correlated with the communication (r=–0.32; 

p<0.01) and, repetitive stereotyped behaviour subscores (r=–0.24; p<0.05) 

on the SCQ. FC to faces in all the pictures did not significantly correlate 

with the social reciprocal interaction subscore on the SCQ (r=–0.11; 

p>0.05). There was also a trend for an association with FC to faces and the 

SAS but this did not reach significance (r=0.20; p=0.08). 

First Fixation Time (FFT; indexing orienting) to faces in all pictures 

significantly correlated with the repetitive stereotyped behaviour subscore 

(r=0.30; p<0.01) on the SCQ. There was a trend with FFT to faces in all 

pictures with the communication subscale on the SCQ but this did not 

reach significance (r=0.21; p=0.06). FFT to faces in all the pictures did not 

significantly correlate with the social reciprocal interaction subscore on the 

SCQ (r=0.12; p>0.05) or the SAS (r=–0.16; p>0.05). Neither DT,FC nor 

FFT time significantly correlated with the ADOS emotion recognition sub-

score or Conners’ IA or HI T-score (p>0.05).  



199 
 

In summary these finding suggest that atypical visual social-emo-

tion attention to faces in ADOS pictures which are predominantly of posi-

tive emotional valence and content dense are associated ASD symptom se-

verity rather that ADHD core symptoms.  

 

4.2.3 ADOS CARTOONS 
 

In this Section, visual social-emotional attention to faces in the positive va-

lence Cat ADOS cartoon image versus the negative valence Monkeys 

ADOS cartoon image was compared. As described in Section 4.1.4, only 

the faces were defined as interest areas and the perpetrator or victim status 

of the face within each cartoon was also compared in line with the ADOS 

cartoons task. Non-social areas were not defined in this analysis as they 

differed across the cartoon types. 

There was a trend for a within-subjects multivariate effect of 

ADHD factor by Cartoon (positive versus negative valence) but this did 

not quite reach significance (F (3, 78)=2.62, p=0.06, ηp2=0.09). Univariate 

tests showed a significant effect of ADHD factor by cartoon on DT (F (1, 

79)=4.89, p<0.05, ηp2=0.06). Simple effects analysis showed a trend to-

wards reduced DT to the faces in the negative valence Monkeys Cartoon 

(1850.41ms) compared with the positive valence Cat Cartoon (2241.19ms; 

p=0.05) in those with ADHD (Figure 4.9). The opposite pattern was seen 

in those without ADHD who had greater DT to faces in the Monkeys Car-

toon. However, this was not significant (p>0.05). There were trends for in-

creased DT to faces in the Cat Cartoon in those with ADHD compared 
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with those without ADHD and reduced DT to the faces in the Monkeys 

Cartoon in those with ADHD compared to those without ADHD but nei-

ther of these trends were significant (p>0.5; Figure 4.9). Overall, these find-

ings suggest a trend for reduced DT to the faces in the negative (Monkeys 

Cartoon) versus positive (Cat Cartoon) emotional valence cartoons in 

those with ADHD. 

 

 

 
Figure 4. 9: ADHD factor on DT to Faces in Cartoons 

Error Bars=95% CI, Cat Cartoon=positive emotional valence, Monkeys Cartoon=nega-

tive emotional valence. 
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showed a significantly quicker FFT to the perpetrator face in the negative 

valence Monkeys Cartoon (angry monkey) compared to the future perpe-

trator face in the positive valence Cat Cartoon (cat face; 3242.23ms; F (1, 

79)=6.11, p<0.05, ηp2=0.07). However, this pattern was not found in those 

with ASD who showed equally slow FFT to the perpetrator face regardless 

of Cartoon type (p>0.05). There were no significant differences between 

those with ASD or those without ASD for perpetrator face in positive va-

lence cartoon (cat face; p<0.05; Figure 4.10). No significant differences 

were found for FFT either within ASD or between those with and without 

ASD for victim faces in the cartoons. Overall, these findings suggest that 

those with ASD are much slower to orientate, indexed by FFT to the per-

petrator face in the negative valence Monkeys Cartoon (angry monkey) 

than those without ASD. 

 

 
Figure 4. 10: ASD factor on FFT to Face 1 (perpetrator) in cartoons 

Error Bars=95% CI, Cat Cartoon=positive emotional valence; Monkeys Cartoon=nega-

tive emotional valence. 
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On multivariate analysis, there was a significant between-subjects 

effect of ASD factor by ADHD factor on all the eye tracking variables in 

the main analysis (F (3, 78)=2.85, p<0.05, ηp2=0.10). Univariate tests 

showed a significant interaction between ASD factor by ADHD factor on 

FC (F (1, 79)=7.10, p<0.01, ηp2=0.08). Simple effects analysis showed sig-

nificantly reduced FC in the ASD group (FC= 5.40; F (1, 79)=7.55, 

p<0.01, ηp2=0.09) and the ADHD group (FC= 5.43; F (1, 79)=6.62, 

p<0.05, ηp2=0.08) compared to the control group (FC= 7.70; Figure 4.11). 

Although there was a trend towards greater FC within faces in the 

ADHD+ASD group (FC= 6.29) compared to the pure groups, this was not 

statistically significant compared to the ASD group (F (1, 79)=1.79, 

p>0.05, ηp2=0.02) or the ADHD group (F (1, 79)=1.05, p>0.05, ηp2=0.01). 

This suggests that all the clinical groups had reduced FC, indexing reduced 

exploration and processing within faces in cartoons compared with the typ-

ically developing control group. 

 
Figure 4. 11: ASD factor by ADHD factor on FC to faces in cartoons (Er-

ror Bars 95% CI). 
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Significant findings independent of ASD and ADHD fixed factors are sum-

marised in Table 4.4.  

Table 4. 4: Summary of significant main effects independent of fixed 

factors from main analysis in ADOS cartoons for all children 

Face Status on 
Dependent vari-
able (s) 

Main 
effect 
(F) 

Direction of effectb 
(mean dependent variable) 

Multivariate tests  
on all eye tracking 
variables (DT, FC, 
FFT) 

40.23c -  

  

  

Planned contrasts 
from univariate 
testsa 

  

DT (ms) 25.41c Perpetrator (1599.86) < victim (2504.29)c 

FC 78.74c Perpetrator (4.43) < victim(7.97)c 

FFT (ms) 55.44c Perpetrator (5687.32) > victim(2046.74)c 

aPlanned contrasts were conducted on significant univariate tests from the multivariate 

analysis. For repeated planned contrasts, each category (except the first) is compared to 
the previous category (Field 2005) 

bSignificant univariate main effects from planned contrasts and significant interactions 
were followed up by pairwise comparisons from simple effects analysis 

cp<0.001; dp<0.01; ep<0.05. Abbreviations as in Table 4.3 

 

Summary of main findings for ASD and ADHD fixed factors in cartoons 

In summary, there were subtle differences in visual social-emotional atten-

tion to the cartoon faces in those with ASD, ADHD and ASD+ADHD. 

Those with ADHD had a trend for reduced DT to faces in the negative va-

lence Monkeys Cartoon compared to those without ADHD. Children with 

ASD had significantly slower FFT to the perpetrator face in the Monkeys 

Cartoon (angry monkey). Those with ADHD and those with ASD both 

had reduced FC to faces in the cartoons suggesting reduced exploration 
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and processing within faces. Exploration of faces in cartoons could be re-

lated to face processing and higher order social cognitive functions such as 

understanding the mental state of others (see below).  

Exploration between faces in cartoons  

Exploration within faces was tested using the FC to faces in the pre-

vious section and this was found to be significantly reduced for all faces in 

cartoons in those with ASD and ADHD. In order to understand a charac-

ters’ desires or what one character is thinking about another character’s 

thoughts, sufficient exploration between the faces and the other areas of the 

cartoons is likely to be important. The Run Count (RC) (as described in 

Methods Section table 4.1) to faces and the area outside the faces in car-

toons was used to test the exploration between faces in cartoons. 

A mixed design ANOVA was performed to identify effects of 

ADHD and ASD on the RC in the positive and negative emotional va-

lence ADOS Cartoons. RC was entered as the dependent variable. Cartoon 

with two levels (Cat positive valence Cartoon and Monkeys negative va-

lence Cartoon) was entered as the repeated measure and ASD factor and 

ADHD factor were entered as between-subject fixed factors. 

There was a significant interaction between ASD factor and ADHD 

factor on RC (F (1, 79)=4.01, p<0.05, ηp2=0.05). Simple effects analysis 

showed significantly reduced RC in the cartoons in the ASD group (RC= 

7.47; F (1, 79)=4.00, p<0.05, ηp2=0.05) and the ADHD group (RC= 7.27; 

F (1, 79)=4.42, p<0.05, ηp2=0.05) compared to the control group (RC= 

9.39; Figure 4.12). Although there was a trend towards increased RC in the 



205 
 

cartoons in the combined group (RC= 8.10), compared to the pure groups 

this was not statistically significant compared to the ASD group (F (1, 

79)=0.43, p>0.05, ηp2=0.01) or the ADHD group (F (1, 79)=0.70, p>0.05, 

ηp2=0.01). This suggests that all the clinical groups had reduced RC, index-

ing reduced exploration between faces and the area outside the faces in the 

cartoons compared with the typically developing control group. There 

were no other significant effects between or within subjects for the other 

factors. 

 

 
Figure 4. 12: ASD factor by ADHD factor on RC between faces and 

area outside the faces in cartoons (Error Bars 95% CI). 
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time/interest) to faces in the negative emotional valence (Monkeys) car-

toon was significantly negatively correlated with the communication (r=–

0.22; p<0.05) but not the repetitive stereotyped behaviour (r=–0.12; 

p>0.05) or social reciprocal interaction subscores (r=–0.14; p>0.05) on the 

SCQ. DT also correlated with the SAS but this did not quite reach signifi-

cance (r=0.21; p=0.07). DT did not significantly correlate with the Con-

ners’ IA (r=–0.14; p>0.05) or HI T-score (r=–0.10; p>0.05). These findings 

suggest that reduced DT, indexing viewing time/interest to faces in the 

negative emotional valence (Monkeys) cartoon is significantly associated 

with communication difficulties on the SCQ and not ADHD symptoms. 

There were trends for an association between Fixation Count (FC; 

indexing exploration) to faces in all cartoons for the communication (r=–

0.21; p=0.06) and repetitive stereotyped behaviour subscores on the SCQ 

(r=–0.20; p=0.08) and the SAS (r=0.19; p=0.10) but these did not reach 

significance. FC to faces in all cartoons did not significantly correlate with 

the Conners’ IA (r=–0.16; p>0.05) or HI T-score (r=–0.10; p>0.05).  It was 

conceived that as cartoon emotional valence affected DT, this could also 

be the case for the other eye tracking variables so, correlations between 

symptom severity subscales to FC to faces in the negative emotional va-

lence (Monkeys) cartoon was analysed separately. FC to faces in the nega-

tive emotional valence (Monkeys) cartoon significantly correlated with the 

SAS (r=0.29; p<0.05), communication difficulties (r=–0.25; p<0.05) and 

repetitive stereotyped behaviours (r=–0.26; p<0.05) on the SCQ, with a 

trend for an association with the social reciprocal interaction subscore on 

the SCQ (r=–0.20; p=0.07). FC to faces in negative emotional valence 
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(Monkeys) cartoon did not significantly correlate with the Conners’ HI T-

score (r=–0.12; p>0.05) however, there was a trend for an association with 

the IA T score (r=–0.20; p=0.07) although this did not reach significance. 

There was no significant association with Run Count (RC; indexing 

exploration between faces) in all cartoons and symptom severity scales 

(p>0.10). When RC in the negative emotional valence (Monkeys) cartoon 

was analysed separately, RC was significantly negatively correlated with 

the SCQ subscales (communication (r=–0.26; p<0.05), repetitive stereo-

typed behaviour (r=–0.25; p<0.05) and social reciprocal interaction (r=–

0.22; p<0.05)). RC in the negative emotional valence (Monkeys) cartoon 

also significantly correlated with the SAS (r=0.31; p<0.01), Conners’ IA 

(r=–0.23; p<0.05) but not the HI T-score (r=–0.13; p>0.05). Eye tracking 

variables (DT, FFT, FC, RC) to faces in the negative emotional valence 

(Monkeys) cartoons did not significantly correlate with the ADOS emotion 

recognition subscore (p>0.05).  

In summary, findings suggest that atypical visual social-emotional 

attention to the negative valence emotional cartoon is associated with diffi-

culties on the SAS and SCQ symptom severity. Only the RC which is a 

measures of exploration between faces was significantly associated with 

ADHD IA symptom severity and, none of the eye tracking variables corre-

lated with ADHD HI symptoms. These findings suggest that atypical vis-

ual social-emotional attention to the negative valence emotional cartoon is 

not associated with ADHD core symptoms but rather, with social skills dif-

ficulties on the SAS and ASD symptom severity.   
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4.2.4 HIERARCHICAL REGRESSION 
 

In order to test if IQ/oppositional symptoms had significant contributions 

to the dependent variable over and above ADHD and ASD factors, hierar-

chical linear regression was applied to the dependent variable as described 

in Section 3.2.2. In order to reduce the number of linear regression anal-

yses, when possible; significant variables where a main effect was found (as 

presented in Section 4.2.2 and 4.2.3) were entered. Also, for the ADOS 

pictures the mean score for each significant dependent variable across the 

pictures was calculated and entered as the dependent variable in each anal-

ysis. 

For ADOS emotion recognition subscore and eye tracking variables 

analysed in the pictures, neither IQ nor oppositional symptoms explained a 

significant amount of the variance over and above ASD or ADHD factors. 

For the cartoons, oppositional symptoms significantly explained 5% of the 

variance (p<0.05) for Dwell Time (DT) and Fixation Count (FC) to faces 

and, 6% of the variance for the Run Count (RC) between faces in the nega-

tive emotional valence (Monkeys) Cartoon over and above ADHD and 

ASD factors. For all other visual social-emotional variables, neither IQ nor 

oppositional symptoms explained a significant amount of the variance over 

and above ADHD or ASD factors. Hierarchical linear regression model re-

sults tables for each dependent variable are presented in the Appendix.V. 
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4.2.5 MULTIPLE LINEAR REGRESSION FOR VISUAL ATTENTION 

AND ADOS SCORES 
 

ADOS emotion recognition subscore 

 

Multiple linear regression was calculated with the ADOS emotion recogni-

tion subscore; it was entered as the dependent variable, and all the eye 

tracking variables to the individual pictures and cartoons were entered as 

the independent variables using the stepwise method (as described in Sec-

tion 4.1.6). The final model was significant and explained 20% of the vari-

ance to the ADOS emotion recognition subscore (R2=0.20; F (2, 55)=6.73, 

p<0.01). This model included two eye tracking variables (DT to the man 

face in the positive emotional valence (Cat) cartoon and, FFT to non-social 

areas in the holiday picture) (see Table 4.5). Model prediction, showed re-

duced DT to the man face in the positive valence cartoon and quicker FFT 

to non-social areas in the holiday picture would increase the ADOS emo-

tion recognition subscore (reflecting worse emotion recognition).   

 

Table 4. 5: Multiple linear regression models for ADOS emotion recog-

nition subscore 

Model Variable(s) R2 
R2 
change F 

p-
value 

1 DT to man face 0.11 0.11 6.67 <0.05 

      
      

2 DT to man face 0.20 0.09 6.73 <0.01 

 FFT to  NS in Holiday   
 

  
     
      

 

DT (Dwell Time) to man face in Cat Cartoon; FFT (First Fixation Time) to NS (non-so-

cial areas) in the Holiday picture. 
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ADOS Total score 

Multiple linear regression was calculated with the total ADOS score en-

tered as the dependent variable (as described in Section 4.1.6). The model 

was significant and explained 13% of the variance to the ADOS total score 

(R2=0.13; F (1, 52) =7.79, p<0.01). This model included one eye tracking 

variable: DT% to non-social areas in the meal picture.  Model prediction, 

showed increased dwell time percentage to non-social areas in the meal 

picture would increase the total ADOS score (reflecting more autistic be-

haviours). This result supports the notion that the total ADOS score relates 

to visual social-emotional attention in the ADOS picture. This finding dif-

fers with the ADOS emotion recognition subscore, described above which 

showed association with visual social-emotion attention to cartoon and 

picture.  
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 DISCUSSION 
 

This chapter included the comparison of visual social-emotional attention 

during free viewing of social scenes used in the ADOS amongst the groups 

and, analysed any association of visual attention to ADOS images with 

clinical symptom severity. This method, sought to address the questions of 

the thesis on the association of visual attention to social scenes from the 

ADOS and spontaneous emotion recognition difficulties on the ADOS; a 

commonly used clinical tool in the assessment of ASD. This chapter pre-

sents results extending findings from the previous chapter on the emotional 

recognition faces task and, also from the literature on social scene percep-

tion in children with ASD, ADHD and ASD+ADHD. To the author’s 

knowledge, this is one of the first studies to use eye tracking to investigate 

visual social-emotional attention to ADOS images. As the ADOS is a com-

monly used diagnostic aid in the assessment of ASD, the findings of this 

study is of interest to clinicians. This section provides a discussion of main 

findings followed by the limitations and strengths of the study. 

4.3.1 DISCUSSION OF MAIN FINDINGS  
 

Visual social-emotional attention to ADOS pictures and cartoons showed 

several differences and some similarities in those with ASD and ADHD. 

Slower orientation, indexed by FFT (First Fixation Time) and reduced 

viewing time and exploration indexed by DT (Dwell Time) and FC (Fixa-

tion Count) to faces, which were deemed the most social areas of the pic-

tures differentiated those with ASD (ASD and ASD+ADHD) compared to 

those without ASD (controls and ADHD). Both FFT, DT and FC to faces 
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in pictures was associated symptom severity on the SCQ but not the Con-

ners’ IA or HI subscales; suggestive of association of atypical visual social-

emotional attention with ASD but not ADHD at the symptom level. Find-

ings of  slower orientation, indexed by FFT and reduced viewing time, in-

dexed by DT to faces (social interest areas) in ADOS pictures in children 

with ASD (ASD and ASD+ADHD) is in line with the ASD eye tracking 

literature on social scene perception (Frost-Karlsson et al. 2019; Freeth et 

al. 2010; Riby and Hancock 2008). EEG studies have also found atypical 

ERP responses to faces in those with ASD (ASD and ASD+ADHD), sup-

porting face processing deficits in ASD at the neural level (Groom et al. 

2017; Tye et al. 2013).  

Our findings from ADOS pictures suggest that the ASD+ADHD 

group genuinely have visual social-emotional attention like ASD rather 

than a ‘phenocopy’ or a severe form of ADHD. This adds to the findings 

from Chapter 3 regarding true comorbidity in the ASD+ADHD group, 

with reduced DT to the eyes and mouth of emotional faces in children with 

ASD and ASD+ADHD and, the association with reduced DT to the 

mouth and increased symptom severity on the SCQ.  

In ADOS cartoons, exploration of faces, indexed by the FC and ex-

ploration between faces, indexed by the RC were significantly lower in the 

ASD and the ADHD groups compared to the typically developing control 

group. Visual social-emotional attention to faces in the negative emotional 

valence (Monkeys) cartoon was associated with social skills deficits on the 

SAS and communication difficulties and repetitive and stereotyped behav-

iours on the SCQ. Furthermore oppositional symptoms were significantly 
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associated with visual social-emotional attention to negative emotional va-

lence cartoon. This contrasts with visual social-emotional attention corre-

lates from the ADOS pictures, which correlated with ASD symptom sever-

ity on the SCQ however, oppositional symptoms did not explain signifi-

cant variance over and above ASD factor.  

Children with ADHD without comorbid ASD showed normal vis-

ual attention to ADOS pictures which were predominantly of positive 

emotional valence. In the ADOS positive and negative emotional valence 

cartoons there was a trend for reduced DT (indexing viewing time) to faces 

in the negative valence (Monkeys) cartoon in those with ADHD (p=0.05). 

Our findings are in keeping with Serrano et al. (2018) who found highest 

effect sizes for reduced visual attention to angry (d=-0.73) and scared faces 

(d=-0.50) in social scenes in children with ADHD. Pishyareh et al. (2015),  

however found reduced fixation latencies to pleasant versus unpleasant pic-

tures, in children with, which differs from our findings albeit with different 

fixation latencies and methodology as they presented pictures stimuli side 

by side and did not capture attention to faces. 

 Additionally differences between studies could also be explained by 

the inclusion of children with oppositional symptoms in our study. Opposi-

tional symptoms explained 5% of the variance to reduced DT and FC to 

the negative emotional valence cartoon, and these eye tracking measures 

were also associated with communication difficulties on the SCQ. Indeed, 

this association between social communication difficulties and conduct 

problems including oppositional behaviours in children with ADHD has 

been found in larger samples previously (Greene et al. 1996; Santosh and 
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Mijovic 2004; Mulligan et al. 2009). Furthermore, Santosh et al. (2004) 

also found an association with ADHD, social communication difficulties 

and conduct problems with relational difficulties with peers on parental re-

port. As cartoons in our study contained interaction with characters, atypi-

cal visual social-emotional attention could be related to peer interactions 

(as described next).   

ASD children had slower orientating, indexed by increased FFT to 

the perpetrator monkey face in the negative emotional valence cartoon 

and, as described above, ADHD children showed reduced DT to the faces 

(perpetrator and victim) in the negative valence (Monkeys) cartoon. Our 

findings on atypical visual social-emotional attention in negative valence 

cartoons could relate to bullying of those with ASD and, bullying of and by 

those with ADHD, in the context of oppositional symptoms (Chou et al. 

2018; Chou et al. 2019; McQuade, Breslend, and Groff 2018). This is of in-

terest, as it would suggest that that visual social-emotional attention differ-

ences to negative valence amongst the groups in this Thesis could relate to 

peer relation findings from previous literature.   

Compared to findings from Chapter 3, we did not find an associa-

tion with visual social-emotional attention and IQ in this study. This could 

be because of the free viewing task of shorter duration in this study, requir-

ing minimal cognitive effort compared to the longer emotion recognition 

task in Chapter 3.  

In this study, multiple linear regression showed that visual attention 

to ADOS images significantly accounted for 20% of the variance in the 
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ADOS emotion recognition score in children with ADHD, ASD and 

ASD+ADHD. These findings add to previous findings from Chapter 3, 

suggesting that increased FFT, indexing quicker orienting to non-social ar-

eas in the content dense holiday picture is associated with reduced sponta-

neous emotion recognition.  Furthermore, slower orientating, indexed by 

increased FFT to faces in seems particularly specific to children with ASD 

as this was found in both the ADOS pictures and cartoons. As postulated 

in section 4.1.4, slower orientation to faces and faster orientation to non-

social areas could be associated with weak central coherence, including de-

tail focus and abilities in visual search tasks commonly found in those with 

ASD (Edmondson et al. 2020). 

In summary, findings from this study suggest separable and shared 

visual social-emotional attention to ADOS pictures and cartoons amongst 

the groups. Slower orienting, indexed by increased FFT and reduced view-

ing time and exploration, indexed by DT and FC to faces in pictures asso-

ciated with ASD (ASD and ASD+ADHD) and symptom severity on the 

SCQ. Conversely, atypical visual social-emotional attention (indexed by re-

duced DT, FC and RC) to faces in the negative valence (Monkeys) cartoon 

was associated with greater social skills difficulties on the SAS, ASD sever-

ity on the SCQ and oppositional symptoms. These findings suggest that 

atypical visual social-emotional attention to faces in the negative emotional 

valence cartoon found in ADHD is primarily associated with a combina-

tion of ASD and ODD symptoms rather than ADHD symptoms. Visual 

social-emotional attention to predominantly positive emotional valence 
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ADOS pictures specifically associated with ASD symptom severity, indi-

cating true comorbidity with ASD in the ASD+ADHD group.   

4.3.2 LIMITATIONS, STRENGTHS AND FUTURE DIRECTIONS  
 

Due to study time limitations, participants were subject to fewer trials 

(n=5) in this sample. However, this allows for more bottom-up processing 

and increased saliency with less habituation. Although sample sizes from 

this sample (n=84) are larger than Sample 1 (n=43), this sample is not big 

enough to look at subsamples (e.g. girls). Our findings are therefore poten-

tially less generalisable to the whole neurodevelopmental population.  

As a specific history of victimisation within participants was not 

available in this sample, only tentative conclusions can be made regarding 

peer relations and visual social emotional attention. All children had a pa-

rental DAWBA which asks about post-traumatic stress disorder (PTSD) 

and only one of the children met the threshold for a diagnosis of PTSD. 

Future studies including self-reports of trauma, for example bullying and 

victimisation, will also be important. Additionally, it could be conceived 

that findings relating the negative valence cartoons could be related to peer 

relations, arousal and emotional dysregulation in children with ADHD 

(Shaw et al. 2014; Bellato et al. 2020; Milledge et al. 2019) . Future ave-

nues, incorporating the pupil as a measure of arousal and measures, of peer 

relations and emotional liability could help to uncover further insights into 

atypical visual social-emotional attention to the ADOS cartoons amongst 

the groups.  
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Visual social emotional-attention was measured using eye tracking 

to all available ADOS pictures from the ‘description of a picture task’ and 

one image for both cartoon series from the ‘Cartoons’ task. Due to limita-

tions in time and laboratory equipment, eye tracking was only measured to 

ADOS images relating to two out of 14 ADOS tasks completed in the full 

ADOS examination. Future studies utilising portable eye tracking headset 

equipment while the full ADOS examination is being administered may 

provide a more accurate amount of variance explained by eye tracking var-

iables and the ADOS scores.  

It is also important to note that the ADOS emotion subscore on the 

ADOS does not differentiate between emotion recognition, understanding 

and empathy. Unfortunately, it is not possible to dissect the relationship 

between visual social-emotional attention and higher-order social cogni-

tions based on the results of this study. Further studies incorporating a 

ToM battery of tests will help to improve understanding of the relationship 

of visual social-emotional attention and specific higher-order social cogni-

tions in ADHD. In addition, visual search tasks to ascertain weak central 

coherence in order to strengthen the relationship with FFT, indexing speed 

of orienting to social versus non-social interest areas could be informative.  

4.3.3 IMPLICATIONS 

 Findings of visual social-emotional attention to social-emotional scenes 

from ADOS images in this chapter provide further evidence that children 

with ASD+ADHD have true comorbidity with ASD rather than a ‘pheno-

copy’ or severe form of ADHD. In particular increased FFT, indexing 
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slower orientating and reduced DT and FC, indexing viewing time and ex-

ploration of faces in ADOS pictures differentiated those with ASD (ASD 

and ASD+ADHD) from those without ASD (ADHD and typically devel-

oping controls) and, were associated with symptom severity on the SCQ 

but not the Conners’ rating scale. Furthermore, reduced FFT, indexing 

quicker orientating to non-social areas was associated with reduced sponta-

neous emotion recognition on the ADOS. Our findings provide some pre-

liminary evidence for visual attention measurement during the ADOS ex-

amination assessment of ASD in the context of comorbidity with ADHD. 

For example, if a child with ADHD was found to have difficulties in ori-

enting to faces in ADOS pictures this may suggest additive difficulties on 

the autism spectrum.   

Our findings suggest that children with ADHD (without ASD) have 

normal face and emotion processing of positive emotional valence condi-

tions compared with more negative ones during free viewing of ADOS im-

ages. Atypical visual social-emotional attention, indexed by reduced DT, 

FC to faces and reduced RC between faces in negative emotional valence 

cartoon was positively associated with social skills difficulties, ASD symp-

tom severity and oppositional symptoms. This has implications for inclu-

sion of treatments to help with social skills in children with ADHD and op-

positional symptoms who may have particular difficulties with negative va-

lence social-emotional processing.  

Findings from this chapter emphasise the importance of a compre-

hensive assessment including ASD and oppositional defiant disorder in 

children presenting with ADHD in order to inform a multimodal treatment 
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plan (Connor, Steeber, and McBurnett 2010; Kolko, Bukstein, and Barron 

1999; NICE 2018; Gillberg 2010).  From a translational and formulaic per-

spective, these results also shed important insights into why children with 

ASD and ADHD may struggle in busy and complex social situations, both 

at a basic visual attentional level but also the potential follow on effects in 

relation to higher social cognitive functions and peer interactions. 

Finally, atypical visual social-emotional attention to ADOS pictures is 

an indicator of ASD symptoms. Measuring atypical visual social-emo-

tional attention could be a helpful adjunct to ADOS examination when as-

sessing for neurodevelopmental conditions with social cognitive deficits. 

Furthermore, visual social-emotional attention measurement may have a 

role in those cases that are missed by standard clinical assessments or in 

cases where there is controversy or a second opinion is being sought. 

With the exception of exploration within and between faces in ADOS 

cartoons reflected by FC and RC, the visual social-emotional attention pro-

files appear to be different in those with ADHD compared with those with 

ASD while ASD+ADHD show additive effects of both conditions. Find-

ings suggest that atypical visual social-emotional attention to ADOS im-

ages could be a potential utility for differentiating the groups. Prediction of 

diagnoses from significant atypical visual social-emotional attention 

measures was tested directly using Discriminant Function Analysis in 

Chapter 6.  

In summary, methodology in this chapter, sought to address the 

questions of the thesis on the association of visual attention to social scenes 
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from the ADOS and spontaneous emotion recognition difficulties in 

ADHD and, if these difficulties are primary to ADHD or ASD symptom 

severity. Findings suggest that atypical visual attention to ADOS images is 

associated with ASD symptom severity rather than ADHD symptom se-

verity and, oppositional symptoms add to the variance over and above 

ASD and ADHD factors for negative valence cartoons. This extends the 

findings from Chapter 3 on prompted emotion recognition to faces, sug-

gesting that spontaneous emotion recognition and social scenes from the 

ADOS used in clinical practice yield additional visual social-emotional dif-

ficulties amongst the groups.  
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5 STUDY OF VISUAL ATTENTION AND 

PROCESSING OF NEUTRAL FACES IN 
SAMPLE 2 

 

 BACKGROUND, OBJECTIVE AND RATIONALE 
 

This chapter seeks to address the research questions of this Thesis during 

free viewing of neutral faces. This extends the methodology from the previ-

ous chapters by analysing visual attention and social processing to neutral 

faces without emotional expression. This was important to consider as vis-

ual attention to neutral faces was not tested during the emotion recognition 

task presented in Chapter 3. Both Chapters 3 and 4 presented findings in 

keeping with those with ADHD showing atypical visual attention to social-

emotional stimuli, although findings could differ to social stimuli with less 

emotional content such as neutral faces. This may allow for further differ-

entiation amongst the groups as, children with ASD showed reduced view-

ing time, indexed by DT to social compared with non-social elements of 

the stimulus compared to children with ADHD in Chapter 4.  

As children with ADHD have been shown to be affected by the col-

our contrast of the stimulus (Tseng et al. 2013), the colour of the neutral 

face stimuli were manipulated to black and white images in order to reduce 

the saliency of the image due to brightness of the colours. Black and white 

neutral face stimuli were presented to the participants during a free viewing 

task in this study. Eye tracking measures, DT (Dwell Time; indexing view-

ing time/interest) and FC (Fixation Count; indexing exploration) to a pri-

ori interest areas as selected in Chapter 3 (right eye, left eye and mouth of 
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the face), were compared amongst the groups. This allowed for right eye 

versus left eye fixation measures of the participant to be considered in this 

sample as this was found to be atypical in the previous sample of children 

with ADHD. Although fixation duration to the right eye and the left eye 

viewing can provide an indication of right versus left face processing, this 

has produced mixed findings in the ASD literature. One study found in-

creased fixation duration to the left eye in the left hemi field of the face (Yi 

et al. 2013) and another showed increased fixation duration to the right eye 

in the right hemi field of the face (Guillon et al. 2015) in those with ASD 

compared to controls. Neither of these studies discussed associated ADHD 

symptoms within the groups so mixed findings could be due to unknown 

variable ADHD comorbidity. In Chapter 3, reduced DT (Dwell Time; in-

dexing viewing time/interest) to the right eye in emotional faces was asso-

ciated with ADHD symptoms and lower IQ. Although visuospatial atten-

tion in those with ADHD has been associated with left visuospatial neglect 

on line bisection tasks (Manly et al. 2005), a left visuospatial neglect has 

not been found in ADHD when viewing faces (Klimkeit et al. 2003; 

Blaskey, Harris, and Nigg 2008). Unfortunately, these studies did not di-

rectly measure visual attention using eye tracking but the evidence suggests 

that differences in visuospatial attention in those with ADHD could be due 

to stimuli (e.g. social vs. non-social) and task type. 

Simply testing the right eye versus left eye fixation duration may not 

be as accurate as the direction of fixation over the face stimulus when stud-

ying visuospatial attention and social processing amongst neurodevelop-

mental disorders (Guillon et al. 2015; Yi et al. 2013; Manor et al. 1999). 
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This could be because children with ASD have been found to have reduced 

fixation to the eyes as found in Chapter 3 and the literature (Chawarska 

and Shic 2009; Klin et al. 2002). A Laterality Index (LI), which is a meas-

ure of the number of fixations to the left versus the right, captures visuospa-

tial attention across the whole face stimulus rather than just the eyes so this 

measure was also extracted for this study (Manor et al. 1999). In Chapter 

3, children with ASD had a trend for increased fixations to other parts of 

the face so capturing direction of fixation to the whole face stimulus may 

improve detection of distinct attentional patterns amongst the groups. Face 

processing has been linked to specific neural networks that affect allocation 

of eye movements and, visual attention has been used to study lateral hem-

ispheric differences in face processing in neurodevelopmental and neuro-

typical adult populations (Manor et al. 1999; Phillips and David 1997). 

More fixations to the left side of the face is suggestive of right hemisphere 

lateralisation bias in face processing which is typically found in right-

handed adult control subjects (Butler et al. 2005). 

Studies employing a chimeric face paradigm, where two halves of a 

face show a difference in appearance, suggest a bias to attending to the left-

side of the face in typically developing children and those with ADHD 

(Klimkeit et al. 2003; Blaskey, Harris, and Nigg 2008). This bias in attend-

ing to the left-side of the face is not found in those at risk for ASD, suggest-

ing that children with ASD do have the typical right hemisphere lateralisa-

tion bias during chimeric face processing tasks (Dundas et al. 2012; 

Dundas, Gastgeb, and Strauss 2012; Guillon, Hadjikhani, Baduel, Kruck, 
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et al. 2014). As these chimeric face studies have not investigated face pro-

cessing amongst ASD, ADHD, ASD+ADHD and have not utilised eye 

tracking during face processing, this study seeks to address this gap to clar-

ify visual attention to neutral faces amongst the groups.  

Analysis of eye tracking measures between ADHD and ASD, in-

cluding comorbidity using the two fixed factor approach described in 

Chapters 3 and 4, was used in this chapter to allow for comparison be-

tween findings amongst the studies. As findings on right eye viewing were 

associated with IQ on hierarchical linear regression in the previous sample 

in Chapter 3, a similar analysis was carried out in this study sample. The 

association of visual attention measures to neutral faces and to ADHD sub 

scores and ADOS scores was also tested to investigate the relationship be-

tween visual social processing and symptom severity sub scores in order to 

address the thesis questions.  

5.1.1 HYPOTHESES 
 

Based on the literature described above, more leftward fixations over the 

face stimulus is suggestive of right hemisphere lateralisation bias in face 

processing which is typically found in right-handed adult control subjects 

(Butler et al. 2005). 

1) ADHD 

 

It was hypothesised that if children with ADHD have typical 

face processing then they would have more leftward fixations over 

the face stimulus. Additionally, if children with ADHD have typical 
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viewing of central features of neutral faces such as the eyes, they 

may also have more left than right eye viewing. 

However, if children with ADHD have a general right hemi-

sphere hypofunction as described in the previous literature in Chap-

ter 1 (section 1.5), they would have atypical visuospatial attention 

to neutral faces. This would lead to reduced leftward fixations over 

the face stimulus and reduced fixations to the left eye compared to 

the right eye. 

2) ASD 

 As children with ASD have shown reduced attention to the 

left-side of the face in the chimeric face paradigm, it was hypothe-

sised that children with ASD would not show more leftward fixa-

tions over the face, as is expected with typical face processing which 

is right hemisphere dominant. This would result in more rightward 

fixations over the neutral face stimulus, indexed by a positive Later-

ality Index in children with ASD compared to typically developing 

control children and children with ADHD.  Based on findings from 

Chapter 3 and the ASD literature described in Chapter 1, it was also 

hypothesised that children with ASD would also have reduced fixa-

tions to the eyes in neutral faces compared to typically developing 

children and children with ADHD.  

3) ASD+ADHD 

There is a lack of literature on the comorbid group; neverthe-

less, it is hypothesised that if the comorbid group is more like 

ADHD they will have a similar profile to the ADHD group. How-

ever, if the comorbid group is more like ASD then they will have a 
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similar visual attention profile to that group. If the comorbid group 

has additive effects of both conditions, the visual attention profile 

will be midway between ASD and ADHD. If the comorbid group 

represent a distinct group with a different visual attention profile to 

the pure groups, this will result in an interaction of fixed factors for 

the dependent eye tracking variable. 

 

 METHODS 
 

The sample of participants for this study are the same as those described in 

Chapter 4 (Section 4.1). 

5.2.1 TASK AND EYE TRACKING PROCEDURE 
 

The eye tracking procedure for this sample was described in Chapter 4 

(Section 4.1.3). The participants viewed the ADOS images described in 

Chapter 4 prior to the photos of neutral faces. Stimuli for this study con-

sisted of three photos of neutral faces (black and white; one female and two 

male). Stimuli were selected from the Nimstim set of faces and were 

resized to 5cm wide x 6.5cm height (Tottenham et al. 2009) (an example 

photo is shown in Figure 5.1). A central fixation cross was presented for 

100ms followed by a neutral face which were then presented for 5 seconds. 

The participant was asked to simply look at the photo during the experi-

ment. 
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5.2.2 DATA EXTRACTION  
 

Raw eye tracking data was processed using the EyeLink 1000 plus accom-

panying software, EyeLink Data Viewer. The corresponding eye move-

ment data was automatically overlaid on the corresponding images, as pro-

grammed in EyeLink software. Interest areas were created for the neutral 

faces (both eyes, mouth and face area; Figure 5.1). The eyes include the 

eye lashes and the eyebrows and the mouth includes the philtrum (Figure 

5.1). The areas of interest to the eyes and mouth were designed to be large 

enough to allow for offsets in the data, such as head movements as de-

scribed in Section 3.3.1. 

 

Figure 5. 1: Interest areas for neutral faces  

1) Right Eye Area (REA); 2) Left Eye Area (LEA); 3) Mouth Area (MA) 

 

 

Total stimuli presentation length was analysed which corresponds 

to 5000 milliseconds for the neutral faces. A minimum fixation duration of 

100ms was set. Blink artefacts removal and eye tracking data processing 

was carried out as described for the ADOS images in Chapter 4 (Section 

LEA REA 

MA 

FACE 
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4.1.4). Pre-selected eye tracking variables were extracted using the interest 

area report function in EyeLink and are summarised in Table 5.1. The 

Trial report which gives information on individual fixation characteristics 

was also available. 

 

Table 5. 1: Eye tracking measures, calculations and significance 

Eye tracking  
measure * 

Calculation  What these measures  
signify 

Viewing Time   
Viewing time/interest to speci-
fied interest area.  

1) Dwell Time 
(DT) 

The sum of the duration of all 
the fixations that fell in the in-
terest area.  

Exploration    
Exploration of specified inter-
est area. 

2) Fixation 
Count (FC) 

Total number of fixations fall-
ing in the interest area. 

Additional    
An index of hemispheric later-
alisation (a negative in-
dex=more leftward fixations 
associated with typical right 
hemisphere lateralisation in 
face processing) 

3) Laterality In-
dex (LI)** 

(Nfx R – NfxL)/(NfxR + NfxL) 
 
(Number of fixations to the 
right minus number of fixa-
tions to the left divided by the 
total number of fixations) 

* Eye tracking measures are defined as stipulated in the EyeLink Data Viewer manual.   
** LI as stated in Manor et al. (1999). 

 

Trial eye tracking measures were extracted for each participant as 

shown in Table 5.1. The mean values across stimuli were calculated for 

statistical analysis of the neutral face. 

5.2.3 STATISTICAL ANALYSIS  
 

A mixed design ANOVA was performed to identify effects of ASD and 

ADHD on DT (Dwell Time) to interest areas of neutral faces. DT was the 

dependent variable and interest area with three levels (right eye, left eye 

and mouth) was entered as the repeated measure with ASD and ADHD 
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entered as fixed factors. This mixed design ANOVA was also performed 

for dependent variables DT% (Dwell Time percentage) and FC (Fixation 

Count).  

Univariate ANOVA was conducted to test the main effects of ADHD 

and ASD and the interaction between them on LI (Laterality Index) to the 

neutral faces. Pearson’s correlation co-efficient was conducted to analyse 

associations between significant eye tracking variables and symptom sever-

ity subscales including the ADOS emotion recognition subscore. In order 

to test if IQ or oppositional symptoms had significant contributions to the 

dependent variable over and above ADHD and ASD factors, hierarchical 

linear regression was applied to the dependent variable as described in Sec-

tion 3.3.2. 

 

 RESULTS 
 

The demographic and clinical characteristics of this sample are pre-

sented in Chapter 4 (Section 4.2.1 (Table 4.2)). Raw eye tracking data and 

excluded trials per group are presented in Appendix VI., Table A.26. For the 

eye tracking analysis, excluded number of trials as described in the methods 

(Section 4.1.4) were not significantly different amongst the groups (F (3, 

80)=2.32, p>0.05, ηp2=0.08). 
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5.3.1 VIEWING TIME AND EXPLORATION OF INTEREST AREAS 

FOR NEUTRAL FACES 
 

Eyes and Mouth 

There was a significant effect of interest area on DT (F (1, 80)=4.68, 

p<0.05, ηp2=0.06), with a difference in DT between the eyes and the 

mouth (F (1, 80)=8.09, p<0.01, ηp2=0.09), for the children overall. This 

was followed up by simple effects analysis which showed that DT was sig-

nificantly greater to the eye in the right visual field (mean=815.75ms) than 

the mouth (mean=495.77ms; p<0.01). There was also a significant interac-

tion between interest area and ADHD factor (F (1, 80)=3.41, p<0.05, 

ηp2=0.04). When followed up by simple effects analysis, there was a differ-

ence in DT between the right and the left eye in those with ADHD (F (1, 

80)=6.55, p<0.05, ηp2=0.08) and those with ADHD had less viewing time 

to the eye in the right visual field (mean=647.88ms) compared to those 

without ADHD (mean=983.62ms; F (1, 80)=4.75, p<0.05, ηp2=0.06), as 

shown in Figure 5.2. There were no other significant effects between or 

within subjects for the other factors. 
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Figure 5. 2a–d): Example heat maps visualising DT to neutral faces 

DT (Dwell Time) in Msec. (milliseconds); the colours of the heat map over each image 

denote the amount of time spent viewing areas on the image (Dwell Time). The black leg-

end shows the colour scaling; when Dwell Time is approximately 100 milliseconds the 

heat map appears green over the corresponding area of the image; when the area of the 

heat map is red the Dwell Time is >2000 milliseconds; yellow areas of the heat map indi-
cate Dwell Times half way between 100 milliseconds and 2000 milliseconds.  

 

A similar pattern of effects was seen for FC. An interaction between 

interest area and ADHD factor F (2, 80)=3.95, p<0.05, ηp2=0.05) was 

found with significantly different FC between the right and left eye in those 

with ADHD F (1, 80)=6.12, p<0.05, ηp2=0.07) and significantly fewer FC 

to the right eye area (mean=1.50), compared to those without ADHD 

(mean=2.56; F (1, 80)=8.77, p<0.01, ηp2=0.10; see Figure 5.3). 
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Figure 5. 3: ADHD factor on FC to interest areas on neutral faces (Error 

Bars=95% CI). 

 

 In summary, those with ADHD had reduced DT (Dwell Time; in-

dexing viewing time) and FC (Fixation count; indexing exploration) to the 

right eye. This is consistent with results from the emotional faces in Chap-

ter 3; showing a negative association between DT to the right eye and 

ADHD symptoms. 

 

Other facial features 

The same analytical model was applied to identify effects of ADHD, ASD 

on DT to other facial features (excluding core features: eyes and mouth) as 

described in section 3.4.3.1. In Chapter 3, children with ADHD (ADHD 

and ASD+ADHD) showed reduced DT to other facial features of emo-

tional faces compared with children without ADHD (ASD and typically 

developing control children). Unlike findings from emotional faces, there 

was not a significant effect of ADHD on DT to other facial features versus 
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core features in neutral faces (F (1, 80)=0.11, p>0.05, ηp2=0.001). This sug-

gests that reduced DT to other facial features versus core features: eyes and 

mouth is specific to emotional faces in those with ADHD compared to 

those without ADHD. 

 

CORRELATIONS WITH CLINICAL SYMPTOMS 

 

Correlations between eye tracking variables to the right eye and the SCQ, 

SAS, ADOS and Conners’ subscores were performed. DT to the right eye 

was significantly negatively correlated with Conners’ ADHD HI subscore 

(r=–0.25; p<0.05), indicating that a higher severity of ADHD HI symp-

toms was associated with less DT to the right eye. DT to the right eye was 

also negatively correlated with Conners’ ADHD IA subscore (r=–0.20; 

p=0.07), however, this did not reach significance. A similar pattern of re-

sults was found for FC to the right eye with Conners’ ADHD HI (r=–0.26; 

p<0.05) and IA subscore (r=–0.19; p=0.08). There were no significant cor-

relations with DT or FC to the right eye of neutral faces and SCQ, SAS or 

ADOS emotion recognition scores (p>0.10). These findings suggest that re-

duced DT and FC to the right eye of neutral faces is not associated with so-

cial cognitive deficits but rather ADHD symptom severity.  

5.3.2 FACE PROCESSING AND LATERALITY INDEX (LI) 
 

To measure direction of fixations to the whole face stimulus, a Laterality 

Index (LI) was computed (see Table 5.1). Univariate ANOVA was per-

formed to identify the effects of ASD and ADHD on LI to the neutral face. 
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This showed a main effect of ASD on LI with a more positive LI indicat-

ing more rightward fixations in those with ASD (mean=0.01) than those 

without ASD (mean=–0.18; F (1, 83)=8.13; p<0.01, ηp2=0.09; Figure 5.4). 

There was no other significant effect or interaction between subjects for the 

ADHD factor.  

 

 

Figure 5. 4: ASD factor on LI to neutral faces (Error Bars 95% CI). 

 

 

CORRELATIONS WITH CLINICAL SYMPTOMS  

 

Correlations between LI, ADOS, SCQ, SAS and Conners’ subscores were 

performed. A positive LI indicates a stronger rightward bias in fixations 

and is associated with atypical face processing. This correlated significantly 

with all the SCQ subscales (repetitive stereotyped behaviours (r=0.31; 

p<0.01), communication (r=0.25; p<0.05), social reciprocal interaction 

(r=0.33; p<0.01)), Conners’ HI subscore (r=0.25; p<0.05), and the SAS 

(r=0.25; p<0.05). The LI also correlated with the Conners’ IA subscore 
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(r=0.20; p=0.08), but this did not reach significance. A positive LI, indicat-

ing a stronger rightward bias in fixations also correlated significantly with 

more impaired ADOS emotion recognition subscore (r=0.29; p<0.05). 

This later finding may suggest rightward bias in the direction of fixations 

which is indicative of atypical neutral face processing could be associated 

with reduced spontaneous emotion recognition and understanding.  

Overall, these correlations suggest that increased ASD symptom se-

verity on the SCQ and increased hyperactive-impulsive symptoms are asso-

ciated with a positive LI, indexing atypical face processing. Atypical face 

processing could therefore be important in comorbidity between ASD and 

ADHD.  

5.3.3 HIERARCHICAL REGRESSION  
 

In order to test if IQ / oppositional symptoms had significant contributions 

to the dependent variable, over and above ADHD and ASD factors, hierar-

chical linear regression was applied to the dependent variable as described 

in Section 3.2.2. In order to reduce the number of linear regression models, 

only significant variables presented in Section 5.3.1 and 5.3.2 were entered 

as the dependent variable for each analysis. For all eye tracking variables 

tested, neither IQ nor ODD symptoms explained a significant amount of 

the variance over and above ADHD or ASD factors. Hierarchical linear re-

gression model results tables for each dependent variable were presented in 

the Appendix Section A.V. 
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 DISCUSSION 
 

Automatic orienting of visual attention to neutral faces in children with 

ADHD, ASD, ADHD+ASD and control children revealed differences 

among the groups using a 2x2 factorial approach. Those with ASD (ASD 

and ASD+ADHD) showed a stronger rightward bias in fixations (positive 

Laterality Index; LI) to neutral face stimuli compared to those without 

ASD (ADHD and controls). Furthermore, a stronger rightward bias in fix-

ations is an indicator of atypical face processing (positive LI) was associ-

ated with both increased ASD symptom severity and ADHD HI symp-

toms. These findings suggest that a positive LI, indicative of atypical face 

processing could be important in comorbid ASD and ADHD.  

Conversely, those with ADHD (ADHD and ASD+ADHD) showed 

reduced FCs to the right eye compared to those without ADHD (ASD and 

controls). As increased FCs to the right eye were associated with reduced 

ADHD hyperactive-impulsive symptoms, exploration of the right eye in 

neutral faces could be an important measure in differentiating ADHD from 

ASD. Taken together, this suggests differences in the neutral face pro-

cessing between ADHD versus ASD and when considering comorbidity, 

direction of fixations to the face stimulus in addition to fixation to either 

eye is important.  

5.4.1 COMPARISON WITH FINDINGS FROM OTHER STUDIES  
 

Our findings regarding a stronger rightward bias in fixations, indexing  

atypical face processing  of neutral faces in ASD are in keeping with chi-

meric face studies in children with ASD (Dundas et al. 2012; Dundas, 
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Gastgeb, and Strauss 2012; Guillon, Hadjikhani, Baduel, Kruck, et al. 

2014). Chimeric face studies suggested reduced attention to the left of the 

face is indicative of reduced typical right hemisphere processing of faces in 

ASD. In our study, as children with ADHD (without ASD) and typically 

developing controls showed more leftward direction of fixations; this 

would be in keeping with typical right hemisphere face processing found in 

adults (Butler et al. 2005) and ADHD (Klimkeit et al. 2003; Blaskey, 

Harris, and Nigg 2008). However, we also found reduced right eye fixation 

in those with ADHD (ADHD and ASD+ADHD) compared to those with-

out ADHD (ASD and controls), suggesting that visual attention to neutral 

faces is not typical in ADHD. One possible explanation for this finding of 

reduced fixation to the right eye in ADHD could be due to compensation 

of focus on the left of the face. As shown in Chapter 2, children with 

ADHD had more linear patterns of eye gaze (from left eye to mouth) with 

less triangulations between the eyes and the mouth. In order to ‘preserve 

typical face processing’ in relation to leftward fixations to the face, this 

could lead to reduced right eye looking in ADHD. As we also found in-

creased fixation to the right eye was associated with reduced hyperactive-

impulsive symptoms, the association of hyperactive-impulsive symptom se-

verity and atypical visual attention to neutral faces in ADHD seems plausi-

ble. As reduced visual attention to the right eye, indexed by (DT; Dwell 

Time and FC: Fixation Count) was not associated with spontaneous emo-

tion recognition on the ADOS, social skills severity on the SAS or ASD 

symptoms severity, this suggests that atypical visual attention to the right 

eye of neutral faces is not associated with social cognitive deficits or ASD 
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symptoms. Atypical processing of faces indexed by more rightward fixa-

tions over the face stimulus was however indicative of reduced spontane-

ous emotion recognition, social skills deficits on the SAS, ASD symptom 

severity and ADHD HI symptoms. This suggests that atypical face pro-

cessing is primarily associated with ASD symptoms and social cognitive 

deficits, however the combination with ADHD HI symptoms may also 

play a role.  

In this study we did not find an association of IQ and right eye fixa-

tion as was found in the sample presented in Chapter 3. Furthermore, chil-

dren with ASD did not show reduced fixation to eyes and mouth in this 

study compared with the study presented in Chapter 3. In this study, chil-

dren viewed black and white neutral faces without any prompt to name an 

emotion. However, in Chapter 3, children viewed colourful emotional 

faces with a prompt to name the emotion. Differing results between the 

studies could be related to the task type and potentially confined to the re-

quirement to judge the emotional content of faces. 

5.4.2 LIMITATIONS, STRENGTHS AND FUTURE DIRECTIONS 
 

Due to study time limitations, participants were subject to fewer trials 

(n=3) in this sample. Although this allows for more bottom-up processing 

and increased saliency with less habituation, direct comparison with find-

ings from Sample 1 are difficult as this contained 60 trials. Also, even 

though sample sizes from this sample (n=84) are larger than Sample 1 

(n=43), different tasks were carried out in the two samples so direct com-

parison is somewhat hindered. Future studies looking at different tasks; 
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neutral and emotional, scrambled versus non-scrambled faces during free 

viewing and emotion recognition prompting tasks in the same sample are 

warranted to allow for direct comparison amongst the tasks, allowing for 

inferences to be strengthened. 

5.4.3 IMPLICATIONS  

Our findings in relation to neutral faces suggest that ADHD and ASD have 

differing face processing which could be related to differences in brain lat-

eralisation between these disorders. Those with ADHD+ASD seem to 

have additive effects of both disorders suggesting pure comorbidity. Alt-

hough atypical visual attention to the right eye was not associated with 

spontaneous emotion recognition or ASD symptom severity, atypical face 

processing indexed by increased rightward fixations was.  Furthermore, 

fixations to the right eye and direction of fixations over the face stimulus 

seem to have different discriminatory patterns amongst the groups. This 

chapter has extended the work of the previous chapters by answering the 

thesis questions in relation to visual attention to neutral faces. Prediction of 

diagnoses from visual attention measures was tested directly using discri-

minant function analysis in the next chapter. 
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6 PREDICTION OF DIAGNOSES USING 
DISCRIMINANT FUNCTION ANALYSIS 

 

 OVERVIEW  
 

The objective of this chapter was to test which eye tracking measures, in-

dexing visual social-emotional attention best classified the groups and if 

this method could show potential as a diagnostic aid in clinical assessment. 

In this chapter, discriminant function analysis (DFA) was be used to pre-

dict the characterisation of diagnoses (ADHD, ASD, ASD+ADHD and 

controls) from significant quantitative eye tracking measures presented in 

the previous chapters. The results from each sample are presented sepa-

rately. The last section includes a summary comparing results from DFA 

with machine learning approaches (as illustrated in Chapter 2). This chap-

ter sought to extend the findings in this thesis in order to address the final 

question of the thesis on whether visual attention differentiates the groups 

on emotion recognition and social processing tasks. 

 STATISTICAL ANALYSIS 
 

DFA was used to test predictability of diagnoses from significant eye track-

ing variables, indexing visual attention for each sample: Sample 1 from 

Chapter 3 (Sections 3.4.3.1, 3.4.3.2) and, Sample 2 from Chapter 4 (Sec-

tions 4.2.2 and 4.2.3) and Chapter 5 (Sections 5.3.1 and 5.3.2). Significant 

eye tracking variables were entered as the independent variables and diag-

noses, with four levels (0=controls, 1=ADHD, 2=ASD, 3=ASD+ADHD) 

entered as the dependent grouping variable. 



241 
 

 RESULTS 1: EMOTIONAL FACES IN SAMPLE 1 
 

Significant eye tracking variables, indexing visual attention from Sample 1 

in Chapter 3 were entered as the independent variables and diagnosis was 

entered as the grouping variable in the DFA. The independent variables 

and how they load onto the three functions are shown in Table 6.1. 

Function 1 was significant (χ2=30.00; p<0.05) and explained 81.3% 

of the variance. Function 2 (χ2=7.10; p>0.05) and 3 (χ2=1.70; p>0.05) were 

not significant explaining 14.5% and 4.2% of the variance respectively and 

are shown in the table for completeness. As shown in Table 6.1, DT to 

other areas of the face and mean fixation duration to the face stimuli were 

positively associated with the first discriminant function. However, DT to 

the mouth; total fixation number to the face; mean length between fixa-

tions; and fixation scanpath length over the face were negatively associated 

with the first discriminant function (Table 6.1). As the first function is posi-

tively associated with ASD and negatively associated with ADHD (see Ta-

ble 6.2), these findings complement the findings from Chapter 3 which 

showed significantly reduced DT to other facial features in those with 

ADHD and a trend for increased DT to other facial features in those with 

ASD. 
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Table 6. 1: Loading of significant variables onto discriminant function 

(Sample 1) 

Variable Function 

 1 2 3 

DT to other facial features 0.57* 0.12 0.09 

DT to the mouth  –0.19 0.62* –0.45 

Mean FD to the face stimuli 0.31 0.39* –0.38 

Total FN to the face stimuli –0.29 –0.31* 0.25 

Mean LBF to face stimuli –0.37 0.18 0.69* 
Fixation SP length over face 
stimuli –0.44 –0.15 0.55* 

 

DT (Dwell Time); FD (Fixation Duration); FN (Fixation Number); LBF (Length between 

Fixations); SP (Scanpath); * Largest absolute correlation between each variable and any 

discriminant function. Significant function is shown in black.  

 

 

As shown in Table 6.2, group mean scores for Function 1 differed 

the most for ASD (mean score=1.25) compared with ADHD (mean 

score=–1.44), with scores for controls and the ASD+ADHD group, mid-

way on Function 1 (Table 6.2). This data is also shown graphically in Fig-

ure 6.1 with the group centroids for ASD and ADHD being most dispersed 

on the horizontal axis (Function 1; Figure 6.1). 

Table 6. 2: Group mean scores on discriminant function (Sample 1) 

 

Group Function 

 1 2 3 

Controls 0.21 0.52 0.05 

ADHD –1.44 –0.10 –0.26 

ASD 1.25 –0.34 –0.14 

ASD+AD
HD –0.49 –0.38 0.35 

 

Significant function is shown in black.  
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Combining all these results suggests that ASD is positively associ-

ated with viewing time to other facial features and total fixation duration 

but, negatively associated with viewing time to the mouth; exploration of 

faces; mean length between fixations; and fixation scanpath length over 

face stimuli. The opposite pattern is found in those with ADHD on Func-

tion 1 (Tables 6.1 and 6.2). Those with ASD+ADHD have a mean group 

score midway between the ASD and the ADHD group although they are 

closer to the ADHD group than the ASD group on Function 1 (Table 6.2 

and Figure 6.1). 

 
 

Figure 6. 1: Group centroids (mean group scores) and individual partici-

pant scores on discriminant function (Sample 1) 

 

 

 
Prediction of diagnostic group based on the discriminant function 

are shown in Table 6.3. 58.1% of original grouped cases were correctly 

classified overall. Discrimination was particularly strong for ADHD which 
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were correctly classified in 87.50% of cases with 12.50% of cases being mis-

classified as ASD+ADHD. Classification for ASD was also effective with 

80.00% of cases being correctly classified and 20.00% being misclassified as 

controls but none being misclassified as either ASD+ADHD or ADHD 

(Table 6.3). 

 

Table 6. 3: Prediction of diagnostic group based on discriminant func-

tion 

  Predicted Group Membership 

 
Original 

Group Control ADHD ASD ASD+ADHD 

Control 43.75 18.75 25.00 12.50 

ADHD 0.00 87.50 0.00 12.50 

ASD 20.00 0.00 80.00 0.00 

ASD+ADHD 22.22 33.33 11.11 33.33 

Classification rates are shown as percentage rates. Correct % classification per group is 

shown in bold.  

 

 
Prediction of controls and ASD+ADHD was less efficient with 

43.75% being correctly classified as controls and 33.33% being correctly 

classified as ASD+ADHD (Table 6.3). As scores for these groups were 

midway on Function 1 and the other Functions (2 and 3) were not signifi-

cant, the ability to discriminate controls and ASD+ADHD is not as strong 

as ASD compared with ADHD which show the most discriminating pat-

tern of visual attention to the emotional faces. 

 

 RESULTS 2: ADOS IMAGES AND NEUTRAL FACES 

IN SAMPLE 2 
 

Significant eye tracking variables from Sample 2 in Chapters 4 and 5 were 

entered as the independent variables and diagnosis was entered as the 
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grouping variable in the DFA (as described in Section 6.2). The independ-

ent variables and how they load onto the three functions are shown in table 

6.4. 

Function 1 was significant (χ2=56.50; p<0.01) and explained 44.2% 

of the variance. Function 2 was also significant (χ2=32.32; p<0.05) and ex-

plained 29.9% of the variance. Function 3 approached significance 

(χ2=15.12; p=0.09) and explained 25.9% of the variance (see Table 6.4). 

 

Table 6. 4: Loading of variables onto discriminant functions (Sample 2) 

Variable Function 

 1 2 3 

FC to right eye in neutral faces 0.56* –0.11 –0.13 

FC to faces in Holiday picture 0.44* –0.43 0.21 

FC to victim face in Monkeys cartoon 0.43* –0.30 0.03 

FC to man face in Cat cartoon 0.27* –0.27 0.23 

FFT to faces in Hollywood picture  –0.02 0.57* –0.26 

LI to neutral faces –0.18 0.55* 0.30 

DT to faces in Holiday picture  0.30 –0.53* 0.19 

DT to faces in Meal picture 0.14 –0.47* 0.05 

DT to non-social areas in Meal picture 0.29 –0.11 0.46 

FC to non-social areas in Holiday picture  –0.09 –0.14 –0.34 

DT to non-social areas in Holiday Picture  –0.18 –0.15 –0.23 
 

FC (Fixation Count); DT (Dwell Time); FFT (First Fixation Time); LI (Laterality Index); 

* Largest absolute correlation between each variable and any discriminant function. Sig-

nificant Functions are shown in black.  
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As shown in Table 6.4, FC (exploration) to the right eye and faces 

in the ADOS images was associated with Function 1. Slower FFT (orienta-

tion) to faces and LI (more rightward fixations) was positively associated 

with Function 2 while DT (viewing time) to faces in the ADOS pictures 

was negatively associated with Function 2. Although just short of signifi-

cance, DT (viewing time) and FC (exploration) of non-social areas in 

ADOS pictures was associated with Function 3. 

As shown in Table 6.5, group mean scores differed the most for 

controls (mean score=0.83) compared with ADHD (mean score=–0.97) 

with scores for ASD and ASD+ADHD group midway on Function 1 (Ta-

ble 6.5). This data is also shown graphically in Figure 6.2 with group cen-

troids for Controls and ADHD being most far apart on the horizontal axis 

(Function 1; Figure 6.2). 

Group mean scores differed the most for ASD (mean score=0.69) 

compared with ADHD (mean score=–0.61) with scores for controls and 

ASD+ADHD group midway on Function 2 (Table 6.5). This data is also 

shown graphically in Figure 6.2 with group centroids for ASD and ADHD 

being most far apart on the vertical axis (Function 2; Figure 6.2).  

Table 6. 5: Group mean scores on discriminant functions (Sample 2) 

Group Function 

 1 2 3 

Controls 0.83 –0.46 –0.02 

ADHD –0.97 –0.61 –0.31 

ASD 0.09 0.69 –0.64 

ASD+ADHD –0.20 0.28 0.59 

 

Significant Functions (1 and 2) are shown in black.   
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Combining these results for Function 1 suggests that controls are 

positively associated with exploring the right eye on neutral faces and ex-

ploring faces in the Holiday picture and victim faces in the cartoons. The 

opposite pattern is found in the ADHD group on Function 1 (Tables 6.4 

and 6.5). Those in the ASD group appear to have a mean group score mid-

way between the control group and the ADHD group on Function 1. The 

ASD+ADHD group appear midway between the ADHD group and the 

ASD group, albeit slightly closer to the ASD group on Function 1 (Table 

6.5 and Figure 6.2). 

Combining all these results for Function 2 suggests that the ASD 

group is positively associated slower orientation to faces in the ADOS pic-

ture and more rightward fixations on neutral face stimuli and negatively as-

sociated with viewing time to faces in the ADOS pictures. The opposite 

pattern is found in the ADHD group on Function 2 (Tables 6.4 and 6.5). 

Those in the ASD+ADHD group are closer to the ASD group than the 

ADHD group on Function 2. The control group are closer to the ADHD 

group than the ASD group on Function 2 (Table 6.5 and Figure 6.2).  
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Figure 6. 2: Group centroids (mean group scores) and individual partici-

pant scores on discriminant functions (Sample 2) 

 

 
Prediction of diagnostic group based on the discriminant functions 

are shown in Table 6.6. 64.3% of original grouped cases were correctly 

classified overall. Discrimination was strongest for ADHD which was cor-

rectly classified in 81.25% of cases with 12.50% of cases being misclassified 

as ASD and 6.25% as controls. None of the ADHD group were misclassi-

fied as ASD+ADHD (Table 6.6). Classification of the other clinical groups 

was reasonable with 61.11% of the ASD group being correctly classified 

and 60.71% of the ASD+ADHD group being correctly classified. 5.56% of 

the ASD group and 14.29% of the ASD+ADHD group were misclassified 

as ADHD. Correct classification for controls was 59.09% with 22.73% mis-

classified as ASD, 9.09% misclassified as ADHD and 9.09% misclassified 

as ASD+ADHD (Table 6.6). 
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Table 6. 6: Prediction of diagnostic group based on discriminant func-

tions (Sample 2) 

  Predicted Group Membership 

 
Original 

Group Controls ADHD ASD ASD+ADHD 

Controls 59.09 9.09 22.73 9.09 

ADHD 6.25 81.25 12.50 0.00 

ASD 22.22 5.56 61.11 11.11 

ASD+ADHD 10.71 14.29 14.29 60.71 

Classification rates are shown as percentage rates. Correct % classification per group is 

shown in bold.  

 

 

 

 SUMMARY AND DISCUSSION OF FINDINGS  
 

6.5.1 SUMMARY OF MAIN FINDINGS 
 

In summary, for Sample 1, the eye tracking measures, indexing visual at-

tention that were loaded onto Function 1 and discriminated ADHD from 

ASD the most were related to extensive versus restrictive scanpaths respec-

tively over emotional faces. In Sample 2, eye tracking measures, indexing 

visual attention that were loaded onto Function 1, discriminated ADHD 

from controls best and variables that loaded onto Function 2 discriminated 

ADHD from ASD the most. In Sample 2, the variables from Function 1 

suggested reduced exploration (indexed by FC: Fixation Count) to social-

emotional stimuli in ADHD compared to controls. The variables from 

Function 2 suggested quicker orientation (indexed by FFT: First Fixation 

Time), longer viewing time (indexed by DT: Dwell Time) and left visual 

field bias (indexed by a negative LI: Laterality Index with more leftward 

fixations) for faces in ADHD compared to ASD. Thus, the visual attention 
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profile for those with ADHD differs from those with ASD; with slower ori-

entation and atypical processing of faces which could be related to local de-

tailed focused processing in those with ASD. 

Characterisation of diagnoses across both samples was good for 

ADHD (81–88%). Characterisation for ASD was between 61–80% across 

both samples. Characterisation for ASD+ADHD was more variable across 

both samples using DFA (33–61%). Findings should be interpreted with 

caution as the same variables should ideally be tested in a new sample us-

ing DFA. 

Both samples had eye tracking variables loading onto significant 

discriminant functions which showed opposing patterns in the ADHD 

group versus ASD group. This finding is in line with one of the main argu-

ments of the Thesis—that ADHD and ASD have differing visual social-

emotional attention profiles (see Section 1.1.2). 

On discriminant function analyses, the ASD+ADHD group ap-

peared to be more similar to the ADHD group in Sample 1 but more like 

the ASD group in Sample 2, suggesting that both tasks could help to dis-

criminate the ASD+ADHD group. As both tasks were not statistically 

tested in the same sample, caution should be taken when interpreting these 

results. Findings should therefore be considered preliminary until replica-

tion in future studies with larger sample sizes have been conducted, as dis-

cussed further in Section 7.3.  

The ASD+ADHD group shows similar visual social-emotional at-

tention profile to both pure groups, depending on task type and therefore 
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both visual social-emotional attention deficits across both samples. This is 

an important addition to the literature as few eye tracking studies have re-

ported on combined ASD+ADHD diagnoses. Overall, these findings for 

the ASD+ADHD group suggested that this group have additive features of 

ADHD and ASD which is in line with a ‘true’ comorbidity model. 

6.5.2 COMPARISON WITH FINDINGS FROM OTHER STUDIES 
 

As few eye tracking studies have given both ADHD and ASD classifica-

tion predictions based on visual social-emotional attention within the same 

sample, it is difficult to compare our findings directly. Our results are simi-

lar to eye tracking literature reporting either disorder for example, Frazer et 

al have shown accuracies of 86% for ASD compared with controls for vis-

ual social attention to dynamic stimuli (Frazier et al. 2018). Tseng et al 

have reported accuracies of 80% for ADHD (compared with controls and 

foetal alcohol syndrome) using eye tracking while viewing videos (Tseng et 

al. 2013). This suggests our predictions of ASD diagnosis and ADHD diag-

nosis from static stimuli are similar to those found in the eye tracking liter-

ature using dynamic stimuli. 

6.5.3 INTERPRETATION OF FINDINGS 
 

As shown in Chapter 2, detailed face processing sequencing using machine 

learning showed accuracies of up to 84% in the ASD+ADHD group. This 

supports the use of machine learning approaches for more complex co-oc-

curring disorders compared to DFA. Additional use of clinical scales such 

as Conners’ and SCQ are also likely to improve prediction of diagnoses 
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and be more akin to the use of eye tracking measures, indexing visual so-

cial-emotional attention as a diagnostic aid in clinical practice. 

6.5.4 LIMITATIONS 
 

Findings should be interpreted cautiously as the same variables should ide-

ally be tested in a new sample using DFA. A major limitation is the small 

sample sizes especially for Sample 1 which only had 1 significant discrimi-

nant function. Replication in a larger sample across all social-emotional 

stimuli (ADOS images, emotional and neutral faces) and task type (direct 

emotion recognition request and free viewing) would be required before 

firm conclusions can be made. 

6.5.5 IMPLICATIONS 
 

Prediction of ASD and ADHD using eye tracking measures, indexing vis-

ual social-emotional attention could be helpful as a diagnostic aid during 

assessment of more complex cases such as Case 3 from the case vignettes 

(see Appendix I.). As eye tracking tasks can be completed in less than 5 

minutes, these measures could help with assessment by improving effi-

ciency, reducing the time to make comorbid diagnoses.  

In the next chapter, synthesis of the overarching themes and use of eye 

tracking measures, indexing visual social-emotional attention in research 

and practice will be discussed. The discussion chapter will also contain a 

more detailed account of the limitations of the project. 
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7 DISCUSSION  
 

The core problem that this project sought to address is a common clinical 

issue encountered in children, young people and families with ADHD. 

Children with ADHD presenting to clinical services often have observed 

impairing social cognitive difficulties including poor emotion recognition.  

The aim was to understand if these emotion recognition difficulties were a 

primary consequence of ADHD, linked to patterns of visual social-emo-

tional attention or alternatively, social processing difficulties typically 

found in autism. The findings of this research have implications for the di-

agnosis and the management of ADHD and associated social impairments. 

The proposal of this Thesis was that the study of visual social-emo-

tional attention using eye tracking in ADHD would uncover important in-

sights into social-emotional difficulties including emotion recognition and 

comorbidity with ASD. In particular, it was argued that visual social-emo-

tional attention in children with ADHD could help to explain emotion 

recognition difficulties and could distinguish difficulties from ASD. The 

main hypothesis of this Thesis was that the visual social-emotional atten-

tion profile would differ between those with ADHD compared with those 

with ASD. Furthermore, it was hypothesised that those children with true 

comorbidity would show a combination of visual social-emotional atten-

tion problems from both pure disorders. 

Through two novel empirical studies, this Thesis demonstrated that 

the measurement of visual social-emotional attention using eye-tracking in 

ADHD can: 
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1) identify emotion recognition deficits and social processing in 

children and young people with ADHD; 

2) identify important similarities and differences compared with 

ASD and ASD+ADHD, shedding insights into comorbidity; 

3) offer potential as a diagnostic aid characterising ADHD, 

ASD and ASD+ADHD groups. 

Chapter 3 in particular presented results showing that visual social-

emotional attention to emotional faces differed in those with ADHD 

(ADHD and ASD+ADHD) compared to those without ADHD (ASD and 

typically developing controls). Children with ADHD showed atypical ‘hy-

per-extensive’ scanning of emotional faces which was associated with re-

duced emotion recognition accuracy. Furthermore, reduced Dwell Time 

(DT, indexing viewing time) to other facial features was associated with 

poor social skills measured on the SAS and ADHD symptom severity but 

not ASD symptom severity. These findings are interesting as they suggest 

poor social skills are linked to atypical visual social-emotional attention pri-

marily due to ADHD symptoms rather than ASD symptoms severity on a 

prompted emotion recognition task. This in part answers the main questions 

of thesis; that atypical visual social-emotional attention in ADHD in associ-

ated with ADHD symptoms severity, poor emotion recognition and, social 

skills deficits. Thus, suggesting that social skills difficulties in ADHD are 

secondary to ADHD symptoms rather than ASD.  However, as emotion 

recognition was prompted on this task in Chapter 3, spontaneous emotion 

recognition on the ADOS was compared amongst the groups in Chapter 4. 
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Chapter 4 presented results from the second sample which showed 

many differences but some similarities in visual social-emotional attention 

to social scenes from ADOS images in those with ADHD compared with 

ASD in the context of spontaneous emotion recognition. Of note, results 

suggested slower orientation, indexed by FFT to faces in the ADOS images 

in those with ASD (ASD and ASD+ADHD) compared to those without 

ASD (ADHD and controls). Children with ADHD (without ASD) did not 

show slower orientation, indexed by FFT to faces in ADOS images, how-

ever suggesting that slower FFT to faces is primarily mediated by ASD. Fur-

thermore, spontaneous emotion recognition on the ADOS was associated 

with atypical orienting and ASD. Findings relating to negative emotional 

valence cartoon however, showed that atypical visual social-emotional at-

tention was associated with ASD and oppositional symptoms in those with 

ADHD. This suggest that spontaneous emotion recognition was associated 

with ASD and oppositional symptom severity rather than ADHD symptoms 

in ADHD which, contrasts with prompted emotion recognition in Chapter 

3. 

In Chapter 5, findings with a neutral face in children with ADHD 

(ADHD and ASD+ADHD) showed reduced viewing time (indexed by DT; 

Dwell Time) and exploration (indexed by FC; Fixation Count) to the right 

eye compared to those without ADHD (ASD and typically developing con-

trol children). Although atypical visual attention to the right eye was associ-

ated with ADHD symptom severity, there were no association with indices 

of social skills difficulties including spontaneous emotion recognition. Con-

versely, children with ASD (ASD and ASD+ADHD) showed increased 
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rightward direction of fixation (positive LI) which was associated with more 

difficulties on the ADOS emotion recognition subscore in the clinical 

groups. This suggests that the visual social-emotional attention indicative of 

atypical neutral face processing is related to performance on the ADOS. 

These findings provide some further preliminary evidence in favour of visual 

social attention measurement alongside the ADOS examination for the as-

sessment of ASD in the context of comorbidity with ADHD.  

Chapter 6 presented the results from discriminant function analysis 

including prediction of diagnoses from the visual social-emotional attention 

measures that yielded statistically significant effects in the factorial analyses 

presented in Chapters 3–5. Overall, those with comorbid ASD+ADHD 

showed a visual social-emotional attention profile in keeping with both pure 

groups suggesting true comorbidity although on some measures they were 

more similar to the ADHD group and on others were more similar to the 

ASD group; possible reasons for this will be discussed below. An overarch-

ing theme that emerged across the chapters was atypical laterality of visual 

attention to social-emotional stimuli and this showed reasonable discrimi-

natory potential between the groups. Findings from discriminant function 

analysis gave the most accurate prediction for ADHD diagnosis, with clas-

sification rates in the region of 81–88% across both samples. These findings 

provided further evidence of discrimination of visual social-emotional atten-

tion in ADHD from typically developing children, ASD and comorbid chil-

dren; addressing the final question of this thesis.  

The purpose of this chapter was to bring together the main results 

from the previous chapters, presenting a visual social-emotional attention 
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profile that characterises ADHD and to place this in the context of existing 

literature. As highlighted in the literature review in Chapter 1, at the time 

of writing there was a lack of comparative studies of visual social-emo-

tional attention using eye tracking in ADHD with ASD and comorbid 

ASD+ADHD. This chapter demonstrates how this Thesis addresses this 

gap, contributing to the study of visual social-emotional attention using eye 

tracking in neurodevelopmental disorders and enhancing scientific under-

standing of visual attention in relation to emotion recognition deficits in 

ADHD, ASD and ASD+ADHD. 

As detailed in Chapter 1, the three main research questions of the 

Thesis are: 

1) Is there an association between emotion recognition deficits in 

ADHD and visual attention to social-emotional stimuli? 

2) Can visual attention to social-emotional stimuli clarify if emo-

tion recognition deficits in ADHD are primary to ADHD or 

secondary to co-occurring ASD? 

3) Does visual attention, indexed by eye tracking measures differ-

entiate ADHD, ASD and ASD+ADHD on emotion recogni-

tion and social processing tasks? 

The broad aim of the Thesis was to answer these three research ques-

tions. This chapter begins with a discussion of the main findings summa-

rised in line with the main hypotheses and then the research questions with 

reference to the current literature. An evaluation of visual social-emotional 
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attention using eye tracking as a potential diagnostic aid in neurodevelop-

mental assessment and clinical relevance of the findings is then presented. 

The limitations of the project and future research avenues are also dis-

cussed. Final conclusions are drawn regarding visual social-emotional at-

tention as a potential explanation for social-emotion difficulties in ADHD 

including the impact of ASD. 

 SUMMARY AND INTERPRETATION OF MAIN 

FINDINGS  
 

Table 7.1 shows a summary of the main quantitative findings across 

Chapters 3–5 in terms of whether the main effects of ADHD, ASD and 

the ADHD*ASD interaction was significant on each measure. As a 2x2 

factorial approach was used, a main effect of ADHD denotes a signifi-

cant difference in children with ADHD (ADHD and ASD+ADHD) 

compared to children without ADHD (ASD and typically developing 

controls). Conversely, a main effect for ASD denotes a significant differ-

ence in children with ASD (ASD and ASD+ADHD) compared to chil-

dren without ASD (ADHD and typically developing controls). Addi-

tionally, an ADHD*ASD interaction suggests the comorbid group dif-

fers from the pure group(s). 

As shown in Table 7.1, a visual social-emotional attention profile in 

ADHD begins to emerge across the studies which differs from ASD. In 

the following sections, these findings are described and discussed. It is 

important to note that the visual social-emotional attention profile of 

those with ADHD and those with ASD showed links to their clinical 
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profile. Examples of how the visual social-emotional attention profile 

linked to the clinical profile are given throughout the discussion with 

reference to the Case Vignettes (detailed in the Appendix. I) and sum-

marised in the clinical practice implications Section 7.4.3). This section 

provides an overview and interpretation of the main findings in the con-

text of the literature. The findings are divided into two sections, the first 

presents interpretations from face stimuli and the second section pre-

sents findings from the ADOS images. 
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Table 7. 1: Summary of main findings  

Task (Chapter; sample size) Measure Main effect (fixed factors)† 

Stimulus Measure name Description of measure calculation Interpretation of measure ADHD ASD 
ASD* 
ADHD 

 Emotion recognition (%) Correct emotion selected (accuracy) Explicit emotion recognition ↓ n/s n/s 

Emotional Faces 
(Chapter 3; n=41) 

DT to eyes+mouth Sum of FD to eyes + mouth Viewing time/saliency of eyes+mouth n/s ↓ n/s 

DT to other areas of face  FD to face – (eyes + mouth) Viewing time/saliency of facial creases  ↓ ↑ (trend) n/s 

TFN Sum of the number of fixations 
Temporal face scanning  

↑ (trend) n/s ↓* 

MFD  Average FD ↓ n/s n/s 

FSPL  
Sum of total distances from fixation to 
fixation  Spatial face scanning  ↑ n/s n/s 

MLBF Average distance between fixations  ↑ n/s n/s 

ADOS 
(Chapter 4; n=59) 

ADOS emotion recogni-
tion subscore** 

< Comments on others emotions < Spontaneous emotion recognition n/s n/s - 

Neutral Faces 
(Chapter 5; n=84) 

DT to eyes+mouth FD to eyes + mouth Viewing time/saliency of eyes+mouth n/s n/s n/s 

DT to other areas of face   FD to face – (eyes + mouth) Viewing time/saliency of facial creases  n/s n/s n/s 
DT to right eye FD to right eye LHS bias for right eye viewing ↓ n/s n/s 

LI (Right fixations – left fixations)/total no >Right fixations suggests LHS bias  n/s ↑ n/s 

Faces in ADOS 
Pictures 

(Chapter 4; n=84) 

DT FD to faces Viewing time/Saliency of faces n/s ↓ n/s 

FC Sum of fixation number in faces Exploration of faces n/s ↓ (trend) n/s  

FFT Time to first fixation to a face Slower to orientate to faces n/s ↑ (slower) n/s 

Faces in ADOS 
Cartoons 

(Chapter 4; n=84) 

DT FD to faces Viewing time to –ve vs. +ve valence  ↓ (trend) n/s n/s 

FC Sum of fixation number in faces Exploration of faces n/s n/s ↑  
FFT Time to first fixation to a face Slower to orientate to –ve bully face n/s ↑ (slower) n/s 

 RC No. of fixations in consecutive IA Exploration between faces n/s n/s ↑  
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Legend for Table 7.1:  

†2X2 factorial approach: ADHD (ADHD and ASD+ADHD) versus no ADHD (ASD and controls); ASD (ASD and ASD+ADHD) versus no ASD (ADHD and 

controls); ASD*ADHD (interaction of fixed factors; comorbid group differs from pure group(s)). DT (Dwell Time); FD (Fixation Duration); TFN (Total Fixation 

Number)*for disgust; MFD (Mean Fixation Duration); FSPL (Fixation Scanpath Length); MLBF (Mean Length Between Fixations); LI (Laterality Index); FC (Fixa-

tion Count); FFT (First Fixation Time- ↑ (slower)=increased time to fixate and slower to orientate); RC (Run Count); IA (Interest Area); ADOS (Autism Diagnostic 

Observation Schedule); ** ADOS emotion recognition subscore unavailable for typically developing controls; LHS (Left hemisphere); Direction of findings are signifi-

cant (p<0.05) unless trend is shown in brackets (p ≥0.05 and ≤0.06); n/s (non-significant; p>0.06)
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7.1.1 DISCUSSION OF FINDINGS RELATING TO THE PROCESSING 

OF FACE STIMULI  
 

In Chapter 2, children with ADHD showed a qualitative difference in 

the ‘scatter’ of fixations and a linear pattern of eye gaze (from eye to 

mouth) with fewer triangulations between eyes and mouth when view-

ing emotional faces compared to children without ADHD. From a 

symptom perspective this could be related to the core features of ADHD 

(hyperactivity, impulsivity and reduced concentration) suggesting a di-

rect link to the clinical profile of ADHD (see Appendix I. Case 1). 

This qualitative difference corresponded to an increased speed of 

fixations, verified quantitatively in Chapter 3 with increased number 

and shorter duration of fixations. Fixations were also more widely dis-

persed shown by a longer fixation scanpath length and mean length be-

tween fixations across the face stimulus. Interestingly, children with 

ADHD directed their attention towards the core features of the face 

(eyes and mouth, reflected in dwell time) but looked less at other facial 

features such as creases of the face. This could suggest that when not 

looking at the core features, those with ADHD could be distracted by 

other parts of the stimulus, for example hair and ears. The opposite pat-

tern of findings was revealed in those with ASD, with reduced looking 

to core facial features and a tendency to look at the other facial features 

of the face. These findings are in line with those found in the literature 

on those with ASD viewing emotional faces (Chawarska and Shic 2009) 

and with the main hypothesis of the Thesis: that ADHD and ASD 
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would have different visual social attention profiles which would also 

differ from typically developing controls. 

However, in Chapter 5 these findings were not replicated when a 

separate clinical sample viewed neutral faces without any prompt to name 

an emotion, suggesting that results in Chapters 2 and 3 could be related to 

the task type and potentially confined to the requirement to judge the emo-

tional content of faces. An interesting pattern of results emerged to neutral 

faces which suggested that those with ADHD looked less at the eye in the 

right hemi-field (reflected in DT) while those with ASD made more right-

ward fixations over the neutral face stimuli (reflected in the LI, a measure 

of direction of fixation). Taken together, this suggests differences in brain 

lateralisation between ADHD versus ASD while processing emotionally 

neutral faces.  

As ADHD has been consistently shown to have left hemi-neglect to 

non-face tasks (Manly et al. 2005), our results from neutral faces contrasts 

with previous findings and is somewhat intriguing. However, those with 

ADHD have previously been shown to have normal left hemi-face bias 

(Klimkeit et al. 2003), and so our results are in keeping with this. Thus, 

suggesting preservation of left hemi-face bias in those with ADHD, poten-

tially at the expense of looking to the right eye. Conversely, those with 

ASD have a tendency for more rightward fixations suggesting more left 

brain lateralisation during neutral face processing. If these findings are re-

lated to the theory of brain lateralisation and personality; creativity and im-

agination in the right brain and logic and detail focussed in the left brain, 

remains to be elucidated (Mihov, Denzler, and Forster 2010). This would 



264 
 

be an interesting area of future research, as recognised strengths in neuro-

developmental disorders such as entrepreneurism in those with ADHD 

and logic-detailed engineers and scientists on the autism spectrum have 

been documented in the literature (Lerner, Verheul, and Thurik 2019; 

Baron-Cohen et al. 1997).  

 INTERIM SUMMARY  
 

Visual social attention findings from emotional and neutral face stimuli 

showed distinct findings between those with ADHD versus those with 

ASD. These findings could be in keeping with a double dissociation be-

tween the categorical disorders and the interpretation of this in the context 

of comorbidity is discussed in detail in Section 7.2.2 of this chapter. A po-

tential caveat to these findings was that there was no expectation that the 

child had to orient their attention towards the face in these tasks as the 

child fixated on a central fixation cross for the face to then appear in the 

middle of the screen. In order to expand visual social attention measure-

ment to include orienting, and to potentially enhance the ecological and 

clinical validity of the Thesis, social scenes from ADOS images were used 

as stimuli in Chapter 4, which is discussed next.  
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7.1.2 DISCUSSION OF ADOS IMAGES 
 

The ADOS was originally designed as a research tool in the assessment of 

ASD and has become commonly adopted in clinical practice as a tool to 

standardise observed autistic behaviours as part of the diagnostic process 

(Feinstein 2010; NICE 2011). As the clinical phenotype of ASD has broad-

ened there has been suggestion that the ADOS may not be sensitive 

enough to pick up all of these cases and can also be prone to assessor sub-

jectivity (Fitzgerald 2017). Furthermore, the ADOS was not originally de-

signed to be used in clinically complex cases with high levels of comorbid-

ity. Our findings provide some preliminary support for the measurement of 

visual social attention alongside the ADOS examination; when children 

viewed ADOS pictures, visual attention to faces was reduced in those with 

ASD compared to those without. These findings are in line with findings in 

the literature using complex and dynamic scenes (Frazier et al. 2017). 

Those with ADHD (without ASD) did not show these atypicalities to 

ADOS pictures; in particular they did not show slower orienting to faces 

(measured as the latency of the first fixation to the face). The results from 

ADOS pictures therefore corroborate results from previous chapters sug-

gesting that there are core visual social-emotional attention differences be-

tween ADHD and ASD. 

In summary, the aspects of visual social attention that are thought to 

be more classical ASD deficits seem to be preserved in ADHD. For exam-

ple, Chapters 2–4 revealed ADHD had ‘preserved’ visual social-emotional 

attention for core features (eyes and mouth) of emotional faces, preserved 
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left hemi-face bias to neutral faces and preserved visual social-emotional at-

tention (including orienting) to faces in ADOS pictures compared to those 

with ASD. One interesting difference between the emotional and neutral 

face findings and ADOS pictures is that, in the latter, no costs to visual so-

cial-emotional attention were found in ADHD. For example, in the emo-

tional faces task, children with ADHD had reduced viewing time to other 

areas of the face and in the neutral faces, reduced viewing time to the right 

eye. As no such cost to visual social-emotional attention was found for the 

ADOS pictures in ADHD, it could be postulated that the ADOS pictures 

were rewarding and motivating to look at as they were colourful with no 

explicit task requiring sustained attention. In contrast the neutral faces 

were black and white and the emotional faces consisted of 60 trials requir-

ing sustained attention on a potentially more laborious explicit task. As 

motivation and reward have been shown to be as effective as stimulant 

medication for those with ADHD (Liddle et al. 2011), preserved visual so-

cial-emotional attention to ADOS pictures without expense to other areas 

of visual attention could be quite likely. This interpretation of findings 

seems particularly plausible in the context of results from the ADOS car-

toons discussed next. Cartoons were black and white and contained more 

complex social interactions requiring potentially more sustained attention 

to the different characters in order to interpret the meaning. Furthermore, 

our findings could suggest that social impairments and atypical visual so-

cial-emotional attention in ADHD may not be pervasive but rather context 

dependent potentially influenced by intensity of stimulation, arousal, emo-

tional valence and reward (Bellato et al. 2020).  
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In the ADOS cartoons, subtle differences and some similarities 

emerged between the groups. Those with ASD were slower to orient to the 

angry monkey face compared to those without ASD. Those with ADHD 

however showed a trend towards reduced viewing time to negative valence 

rather than positive valence cartoons; thus, ADHD could be showing this 

profile as they are finding positive valence more salient than negative. Fur-

thermore atypical social-emotional attention to the negative emotional va-

lence cartoon was associated with ASD and oppositional symptom sever-

ity. This is in keeping with findings of poor social communication skills 

and conduct problems including oppositional symptoms in a subset of chil-

dren with severe ADHD and multiple comorbid symptoms, reported previ-

ously in the literature (Santosh and Mijovic 2004; Greene et al. 1996).   

7.1.3 SUMMARY 
 

The majority of the results presented in this Thesis showed findings in line 

with the hypothesis; that visual social-emotional attention profiles were dif-

ferent in those with ADHD versus those with ASD using a 2x2 factorial 

approach. In general, those with ASD+ADHD shared visual social-emo-

tional deficits of both disorders, suggestive of true comorbidity. In the 

ADOS cartoons, there were two visual social-emotional attention measures 

that showed a similar profile in ADHD and ASD. These included a re-

duced exploration of faces (FC) and between faces (RC). There was an in-

teraction between ADHD and ASD factor for both measures showing a 

trend for increased fixations in the ASD+ADHD group. Discriminant 

function analysis also showed that exploration of faces (FC) were reduced 

in those with ADHD compared with typically developing controls. The 
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findings have implications on comorbidity models in ADHD and ASD 

which were important research questions of the Thesis. In the next sec-

tions, the research questions of this Thesis will be addressed in turn below. 

 

 INTERPRETATION OF FINDINGS IN THE CON-

TEXT OF THESIS QUESTIONS 
 

The main aim of this Thesis was to address the key research questions; the 

first regarding emotion recognition and ADHD, the second on comorbid-

ity between ADHD and ASD and thirdly, the potential for visual social at-

tention to differentiate between ADHD and ASD. Each of the research 

questions will be answered in turn below. 

7.2.1 IS THERE AN ASSOCIATION BETWEEN EMOTION RECOGNI-

TION AND VISUAL SOCIAL-EMOTIONAL ATTENTION IN ADHD? 
 

In this Thesis, emotion recognition was tested in two different ways. In the 

first study, the participant was explicitly asked to name the emotion and so 

this was termed explicit emotion recognition and emotion accuracy was 

used as a measure of explicit emotion recognition. In the second sample, 

the task was free viewing of ADOS images and neutral faces and emotion 

recognition was tested separately on the ADOS. As detailed in the Appen-

dix Section III, the ADOS emotion recognition subscore includes sponta-

neously commenting on others’ emotions and making comments about 

others’ feelings without prompting. For the purposes of the second study, 

emotion recognition was tested using the emotion recognition ADOS sub-

score. As the association between explicit emotion recognition and ADOS 
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emotion recognition varied in relation to visual social emotional attention 

in ADHD, they were addressed in turn. 

 EXPLICIT EMOTION RECOGNITION 

 

As stated in Section 7.1, those with ADHD showed a visual social-emo-

tional attention profile to emotional faces that was significantly distinct to 

those without ADHD. Those with ADHD also showed significantly re-

duced total emotional accuracy although the predicted emotion-specific 

deficits, for example reduced accuracy to anger or negative emotions, were 

not found. In addition, the visual attention profile was consistent across all 

emotions as opposed to specific emotions for all but one emotion, disgust 

(discussed in Section 7.2.2). Although the sample size was small compared 

with the projected estimated sample size calculated in section 2.2.1, the an-

alytical 2x2 factorial approach increased the power of the study. A post 

hoc power calculation based on this 2x2 analytical approach showed there 

was sufficient power (87.7%) to find an interaction on with a medium ef-

fect size as described in section 3.2.2. Furthermore, an interaction for emo-

tion type by ASD by ADHD on total fixation count was found with a me-

dium effect size (ηp2=0.07); substantiating sufficient power to detect an in-

teraction of medium effect size. This suggests if other emotion specific find-

ings exist in ADHD on this task, they would have a smaller than medium 

effect size. 

 With regards to the total emotional accuracy result, hierarchical lin-

ear regression revealed that ADHD significantly explained 15% of the vari-

ance, ASD explained 2% of the variance and when IQ was added into the 



270 
 

model it explained a significant further 11% of the variance over and above 

ADHD and ASD. Although those with ADHD had a lower IQ score than 

those without, those with ASD did not have a significantly different IQ 

score to controls. This could be why ASD did not show an overall explicit 

emotional deficit in Chapter 3 and in keeping with findings by Jones et al. 

(2011). Additionally, those with ASD could have been using effective alter-

nate emotional processing strategies, as indexed by the machine learning 

results in Chapter 2 and in-line with the wider literature (Guillon et al. 

2015).The type of stimuli used such graded emotions or dynamic stimuli, 

have been found to produce more of an effect (Frazier et al. 2018). As we 

used exaggerated still faces as stimuli in the first sample, this could also ex-

plain why those with ASD did not have a total emotional accuracy deficit 

and possibly why an emotion specific (anger) deficit was not seen in 

ADHD as hypothesised. 

 Children with ADHD had reduced Dwell Time (DT) to other facial 

features while viewing emotional faces which, negatively correlated with 

mean length between fixations which was increased in those with ADHD 

compared with those without. Mean length between fixations was also sig-

nificantly associated with total emotional accuracy, suggesting widely dis-

persed fixations are associated with ADHD and poor emotion recognition. 

Marsh (2008) did not find this association; although their study contained 

fewer different emotions and trials. It is interesting to note that mean 

length between fixations did not correlate directly with ADHD symptoms 

in our study, suggesting that it could be additional factors within could be 

moderating the association. Within the hierarchical linear regression 
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model, ASD factor, IQ and ODD symptoms did not explain additional sig-

nificant variance on mean length between fixations however, correlation 

between visual social-emotional measures could explain the findings. Re-

duced DT to other facial features correlated with increased mean length be-

tween fixations, ADHD IA and HI symptom severity and social skills diffi-

culties on the SAS (see Figure 3.3). Overall, these findings are in keeping 

with atypical visual social-emotional attention, reduced total emotional ac-

curacy and ADHD symptom severity. Furthermore, as these findings cor-

related with symptom severity on the SAS but not the SCQ, this suggests 

that ADHD is associated with reduced social skills deficits which are inde-

pendent of ASD and, emotion recognition deficits which are also associ-

ated with low IQ on the prompted emotion recognition task. 

 

 ADOS EMOTION RECOGNITION  
 

In the second sample, spontaneous emotion recognition was measured us-

ing the ADOS emotion recognition subscore. Children with ADHD had 

increased scores on the ADOS emotion recognition subscore which were 

not significantly different from those with ASD or ASD+ADHD. Alt-

hough ADOS was not completed in typically developing children, if we 

consider that an ADOS emotion recognition score of 0 would be the ex-

pected score in typically developing children, then those with ADHD have 

raised scores. Thus, compared to explicit emotion recognition where only 

those with ADHD (ADHD and ASD+ADHD) were impaired, all clinical 

groups showed raised scores on the ADOS emotion recognition subscore. 
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Although the ASD group had a trend for a higher mean ADOS emotion 

recognition score (suggestive of more difficulties with spontaneous emo-

tion recognition) amongst the clinical groups, this was not a statistically 

significant finding (Table 4.2).  

The Laterality Index (LI) for neutral faces, suggestive of atypical 

face processing in those with ASD and ASD+ADHD was associated with 

more impairment on the ADOS emotion recognition subscore (presented 

in Chapter 5). The LI also correlated with ASD and ADHD hyperactive-

impulsive symptom severity, suggesting that children with comorbidity 

have atypical visual social-emotional attention indexed by the LI. These 

findings suggest that spontaneous emotion recognition on the ADOS could 

be associated with true comorbidity at the symptom level. On discriminant 

function analysis however, LI was one of the variables which discrimi-

nated the ADHD group from the ASD group, suggesting that atypicalities 

in laterality of fixation in the pure ADHD group are ‘subthreshold’ with a 

trend for less impaired spontaneous emotion recognition subscores com-

pared to those with ASD (ASD and ASD+ADHD).   

An additional possibility is that shared comorbidity with opposi-

tional symptoms amongst the ASD, ADHD and ASD+ADHD groups 

could also be contributing to impairments in spontaneous emotion recogni-

tion.  In particular, atypical visual social-emotional attention to the nega-

tive emotional valence cartoon was associated with communication defi-

cits on the SCQ and oppositional symptoms in Chapter 4. This suggests 

that comorbid communication and oppositional symptoms may relate to 
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atypical social-emotional attention in those with ADHD. We did not how-

ever find a direct link with spontaneous emotion recognition and atypical 

social-emotional attention to the negative valence cartoon; suggesting that 

atypical attention to negative valence does not necessarily translate to poor 

spontaneous emotion recognition on the ADOS. Overall, these findings 

support the hypothesis that spontaneous emotion recognition difficulties 

on the ADOS related are related to core ASD symptoms and ADHD HI 

symptoms.  

 SUMMARY 
 

This Thesis presented evidence suggesting that visual social-emotional at-

tention during explicit emotion recognition testing was associated with 

ADHD (ADHD and ASD+ADHD) whereas spontaneous emotion recog-

nition on the ADOS was associated with ASD (ASD and ASD+ADHD). 

ADHD IA and HI symptom severity, was associated with reduced explicit 

emotion recognition, reduced DT to other facial features and social skills 

deficits on the SAS in the first sample. In contrast, atypical neutral face 

processing, indexed by the LI was associated with reduced spontaneous 

emotion recognition, ASD and ADHD HI symptom severity in the second 

sample. These findings suggest different mechanisms for explicit versus 

spontaneous emotion recognitions tasks in relation to ADHD and ASD. In 

particular findings suggest ADHD IA and HI symptoms are associated 

with explicit emotion recognition and, ASD and ADHD HI symptoms as-

sociated with spontaneous emotion recognition. Overall, these findings 

suggest that emotion recognition deficits are associated with atypical visual 

social-emotional attention in children with ADHD (ADHD and 
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ASD+ADHD); answering the first question of this Thesis. In the next sec-

tion, the comorbidity between ADHD and ASD in light of the visual social 

attention profile is discussed further.  

7.2.2 CAN VISUAL SOCIAL-EMOTIONAL ATTENTION CLARIFY IF 

EMOTION RECOGNITION DEFICITS IN ADHD ARE PRI-

MARY TO ADHD OR SECONDARY TO CO-OCCURRING 

ASD? 
 

In Chapter 6, both samples had visual social-emotional attention variables 

loading onto significant discriminant functions which showed opposing 

patterns in the ADHD group versus ASD group. This finding is in-line 

with one of the main arguments of the Thesis; that ADHD and ASD have 

differing visual social-emotional attention (see Section 1.1.2). 

In fact, some of the opposing patterns in Chapter 3 almost met crite-

ria for a double dissociation. For example, those with ASD showed re-

duced viewing time, indexed by DT to core features of emotional faces 

with a trend towards increased viewing time to the other facial features. 

Conversely, those with ADHD showed the opposite pattern, with de-

creased viewing time to other facial features and preservation of viewing 

time to core features (eyes and mouth). This is quite striking as it could 

suggest that one mechanism could be responsible for visual social-emo-

tional attention difficulties in viewing core features versus another mecha-

nism for other facial features and that the former could be affected in ASD 

and the latter in ADHD. This was also confirmed at the symptom level 

with ASD symptom severity associated with dwell time to core features 
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and ADHD symptom severity and social skills deficits on the SAS associ-

ated with reduced dwell time to the other facial features. This later finding 

is particularly interesting, suggesting that atypical visual social-emotional 

attention in ADHD is associated with social skills deficits on the SAS a 

broader measure of social skills rather than the SCQ which is more specific 

to ASD. This supports the hypothesis that children with ADHD have so-

cial skills difficulties on the SAS which are primary to ADHD symptoms 

rather than ASD symptoms on the SCQ. 

 In Chapter 4, a dissociation was found with slower orienting to 

faces in those with ASD (ASD and ASD+ADHD) but not ADHD (with-

out ASD); suggesting slower orienting to faces in the later stages of visual 

attention, is a specific finding in those with ASD. Furthermore, orienting 

to faces, indexed by the First Fixation Time (FFT) was significantly associ-

ated with repetitive stereotyped behaviour severity on the SCQ.  

As the comorbid group showed visual attentional features of both 

disorders, this could imply a mechanistic view of each visual social atten-

tion deficit with the comorbid group potentially having both mechanisms 

affected leading to a double deficit (Pennington 2006). In terms of comor-

bidity, this would fit with true comorbidity as the comorbid group having 

additive effects indicates a true overlap of both disorders. As discussed in 

Chapter 1, there are some distinct but some shared genetic links between 

the disorders, in keeping with a correlated liabilities comorbidity model of 

Neale and Kendler (1995). Our findings are also in keeping with EEG 

studies investigating comorbidity in ASD and ADHD (Tye et al. 2014; 
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Groom et al. 2017), providing evidence that visual social-emotional atten-

tion measured using eye tracking has the capacity to provide similar results 

to the neural level, as discussed in Chapter 3. 

An example of a true comorbidity was also shown in the findings 

from Chapter 5 which presented the heat maps for viewing time, indexed 

by DT of the ADHD participant concentrated over the left upper hemi-

field; the viewing time of the ASD participant concentrated over the right 

hemi-field; and the ADHD+ASD participant viewing time concentrated in 

the centre of the stimulus (Figure 5.1b-d). It is important to note that the LI 

towards positive or more rightward fixations was correlated with ADHD 

HI scores, all SCQ subscores and the ADOS emotion recognition subscore. 

This implies atypical brain lateralisation associated with ASD, ADHD-HI 

and ADOS emotion recognition at a symptom level; suggesting a severity 

continuum which then reaches a diagnostic threshold liability in a subset of 

individuals.  

In Chapter 5, the comorbid group shared both visual attention defi-

cits while viewing faces. This could be conceptualised as the comorbid 

group viewing the left hemi-field and then making more rightward fixa-

tions to the mid-zone (nasal bridge) of the face, potentially avoiding eye 

contact. This could give a profile of variable eye contact as depicted in 

Case 3 (see Appendix I.). It could also have been possible that there were 

different subtypes of comorbidity as proposed by Van der Meer et al. 

(2012) with a predominant ADHD diagnosis but also meeting the thresh-

old for ASD as described in Case 3 (see Appendix I.) and, alternatively pre-

dominant ASD but also meeting the threshold for ADHD as described in 
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Case 2 (see Appendix I.). As depicted, in the Case Vignettes in the Appen-

dix, both Case 2 and 3 showing comorbidity had a delay in the less pre-

dominant diagnosis being diagnosed. 

 In the above examples, both viewing time (DT) and rightward fixa-

tions (LI) to the face can help to build the potential dynamic eye gaze pat-

terns that were observed empirically in Chapter 2. These interesting find-

ings suggest dynamic brain processing differences associated with alternate 

lateralised networks. Although this was a cross sectional study, alternate 

cortical networks have been proposed to be due to compensation of early 

pre- and perinatal insults in the brain (Johnson 2017). In this model, those 

with medium sized neuronal insults, for example neonatal hypoxic is-

chaemic encephalopathy, go onto have inhibitory and excitatory imbal-

ances which lead to compensatory brain networks including both hypo- 

and hyper-connectivity in the brain in ASD (Johnson 2017). This would fit 

with findings in ASD in Chapter 3; children with ASD had atypical visual 

social attention to core features despite intact emotion recognition accu-

racy which has been suggestive of compensatory emotion recognition strat-

egies in ASD by Harms et al. (2010). Johnsons’ model (2017) also allows 

for the range of clinical phenotypes, including comorbid subtypes and the 

range of severity seen in complex neurodevelopmental disorders discussed 

in this section. 

The literature reviewed in Chapter 1 documented that neurodevelop-

mental disorders are also highly heritable, with many genes to many phe-

notypes. This also explains our findings where gene environment interac-

tions could allow for further compensatory changes during development in 
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a multiple liabilities to multiple cognitive deficit framework (Sonuga-Barke 

2005; Pennington 2006). In Chapter 4, ADHD showed a trend towards re-

duced viewing time to negative valenced cartoons. However, hierarchical 

linear regression revealed that oppositional symptoms significantly ex-

plained 5% of the variance (p<0.05) for viewing time (indexed by Dwell 

Time; DT) to faces in the Monkeys Cartoon (negative valence) over and 

above ADHD and ASD factors. Although, there were some trends for op-

positional symptoms to explain additional small amounts of variance to 

Fixation Count (FC; exploration to faces) and Run Count (RC; explora-

tion between faces) in all cartoons this was not significant. Oppositional 

symptoms did however explain a significant additional variance to FC 

(5%) and RC (6%) over and above ADHD and ASD factors in negative 

emotional valence cartoons (p<0.05).  Overall, these findings suggest an 

additional association for visual social-emotional attention to negative 

emotional valence with oppositional symptoms on Conners’ parent rating 

scale, explaining a small but significant amount of the variance. 

Developmental compensation over time (Johnson 2017; Pennington 

2006) seems particularly plausible to explain our findings on shared visual 

social attention measures (FC and RCs) to ADOS cartoons in both ASD 

and ADHD. In Chapter 4, an interaction was found between ASD and 

ADHD on both FC and RC, showing reduced counts in the pure groups 

and a trend for increased counts in the comorbid group. There was a trend 

for higher counts to be associated with less impairment in communication 

on the SCQ suggesting the comorbid group doing better than the pure 

groups. In Chapter 3, a similar interaction was found between ASD and 
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ADHD for fixation number to disgust faces with a reduced number in the 

comorbid group and the ASD group but higher numbers in the ADHD 

group. A higher number of fixations in the prompted emotion task was sig-

nified by increased speed of fixations and a more dispersed scanning pat-

tern associated with poor explicit emotion recognition. Thus, the comorbid 

group are showing a trend for an improved profile on three single measures 

which could be related to compensation in a subset of those with comor-

bidity. 

Longitudinal studies will be required to verify the trajectory of the 

visual social-emotional attention profiles and the association with comor-

bidity over time. An optimal outcome study in ASD has shown emergence 

of ADHD symptoms in later development suggesting compensation can 

also occur at the symptom level (Fein et al. 2013). Thus, the reverse could 

conceivably be true whereby those with ADHD could show compensatory 

mechanisms leading to more clinical symptoms of ASD. Certainly, this 

could explain the delayed diagnosis for ASD in those with ADHD as illus-

trated in Case Vignette 3 where it was initially unclear if the clinical pheno-

type was severe ADHD versus a comorbid presentation. In Case 3, Callum 

was trying his hardest to make friends but continued to experience difficul-

ties forming appropriate peer relations (see Appendix A.I). Case 3 could be 

in keeping with Lorna Wing’s ‘active but odd’ subtype of ASD and this can 

be one of the hardest clinical presentations to disentangle in clinical prac-

tice (Wing 1996; Feinstein 2010). This could also be in keeping with an ex-

treme multiformity model of comorbidity posited by Neale and Kendler 

(1995); whereby ADHD (above certain thresholds) generates symptoms of 
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ASD. Furthermore, it is still unclear if severe ADHD and the interaction 

with environmental experiences such as peer rejection lead to an emer-

gence of subthreshold ASD symptoms, for example via a synergy model 

(Pennington 2006). The role of oppositional symptoms within a synergy 

model of comorbidity could also be important in the overall ADHD clini-

cal phenotype. In this synergistic model, both ADHD and peer rejection 

would need to be present for subthreshold ASD symptoms to emerge. Ad-

ditionally, clinical presentation could be more likely in those with opposi-

tional symptoms and more impairment. 

As described in Section 3.3.2, a 2x2 factorial design was used in the 

main analyses of the studies of this thesis in order to disentangle the influ-

ences of ASD versus ADHD in the case of comorbidity. The two factor de-

sign tests the main effect of ASD and ADHD factors on variables of inter-

est in addition to an interaction between ASD and ADHD factors 

(Banaschewski et al. 2007; Groom et al. 2017). In particular, an interaction 

between ASD and ADHD factors could suggest a model compatible with 

the comorbid group belonging to a third separate nosology to either of the 

pure groups as described  by Rutter and Taylor (2002). Alternatively, a 

main effect of ASD and ADHD factors, with a lack of interaction between 

ASD and ADHD factors could suggest an ‘additive model’ of comorbidity, 

especially if a double dissociation exists (Banaschewski et al. 2007). This 

additive model would be in keeping with the comorbid group sharing a 

profile with both the pure groups and potentially shared risk factors within 

the comorbid group. Although the majority of the results were in keeping 

with an additive model of comorbidity, as described above there were three 
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instances were an interaction was found which could suggest the comorbid 

group also has some unique elements to the pure groups.  

Although sample sizes were smaller than projected in both studies, 

there was sufficient power to detect an interaction between ASD and 

ADHD factors with a medium effect size in both samples (sample 1, power 

= 87.7%; sample 2, power = 99.5%) (Section 3.3.2 and 4.1.6). This was 

supported by an interaction of medium effect size for emotion by ASD by 

ADHD on Total Fixation Number (ηp2=0.07) in the first sample and, an 

interaction of medium effect size for ASD by ADHD on Fixation Count 

(ηp2=0.08) and Run Count (ηp2=0.05) in the second sample. This suggests 

that if further interactions exist, they are likely to be smaller than a me-

dium effect size.  

In addition to small sample sizes to detect an interaction, other 

methodological issues in relation to the 2x2 factorial statistical design to 

disentangle comorbidity in ADHD have been highlighted by Banaschewski 

et al (2007). These include the possibility of ‘pretending an additive model’ 

of comorbidity when the comorbid group is more severely impaired that 

both pure groups and, measurement issues affecting the results 

(Banaschewski et al. 2007). In this Thesis, both samples had a comorbid 

group that was more impaired than one of but not both of the pure groups 

so, it cannot be ruled out that the severity of the comorbid group had an 

additional impact on the additive model which was in keeping with our re-

sults. Furthermore, we found an interaction between ASD by ADHD on 

Total Fixation Number, Fixation Count and Run Count which are meas-

ured as counts and are smaller than measurements for fixation durations 
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measured in milliseconds. These measurement issues may also have influ-

enced the pattern of results and interaction findings. Thus, although our re-

sults are in keeping with an additive model of comorbidity with some 

unique elements in the comorbid group, methodological issues discussed 

suggest that caution is required when interpreting results based on a statisti-

cally significant interaction or lack of interaction.  Our results should there-

fore be viewed as preliminary, requiring replication in larger well defined 

samples as discussed further in Section 7.3.  

In this Thesis, DFA presented in Chapter 5 complemented the main 

2x2 factorial analysis by allowing for the four groups (ASD, ADHD, 

ASD+ASD and typically developing controls) to be compared directly. For 

the first study, the first function dissociated the ASD group from the 

ADHD group. Unfortunately, as only one function was significant in the 

first sample, this precluded the comorbid and the control group from ade-

quately dissociated from each other.  The second study had 2 significant 

functions and a third which was almost significant, which allowed for the 

control group to be more clearly dissociated from the comorbid group. Alt-

hough this helps to differentiate groups at the categorical level, comorbid-

ity at the dimensional level was more limited using these approaches and 

further suggestions to disentangle dimensional comorbidity over develop-

ment are discussed in Section 7.3. 
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 SUMMARY 
 

Findings of visual social-emotional attention improve understanding of the 

relationship between emotion recognition and comorbidity. Across Chap-

ters 2–6, many of the findings were in keeping with true comorbidity where 

visual social attention differs in ADHD versus ASD and the comorbid 

group had a profile that was additive with some unique elements, making 

the ‘phenocopy’ hypothesis of comorbidity unlikely. Overall, our findings 

were in keeping with a correlated liabilities model (Neale and Kendler 

1995; Pennington 2006) with shared aetiology in the comorbid group. Alt-

hough other models of comorbidity could also be likely for example, ex-

treme multiformity and synergistic models; future studies discussed in Sec-

tion 7.3 are needed to clarify the exact relationship between severity of 

ADHD and visual social-emotional attention over the developmental pe-

riod. 

In conclusion, atypical visual social-emotional attention indicative 

of reduced Dwell Time (DT) to other facial features and ‘hyper-extensive’ 

emotional face scanning suggest explicit emotion recognition deficits found 

in ADHD are mediated by ADHD IA and HI symptoms and, associated 

with social skills deficits on the SAS. Furthermore, comorbidity with ASD 

leads to additive spontaneous emotion recognition difficulties on the 

ADOS due to slower orienting to faces, associated with ASD symptom se-

verity and, atypical face processing associated with ASD and ADHD HI 

symptom severity.  As visual social-emotional attention showed these in-

teresting profiles associated with comorbidity, the next section provides a 
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discussion of how well visual social-emotional attention, indexed by eye 

tracking measures differentiated the groups across the studies. 

7.2.3 DOES VISUAL ATTENTION DIFFERENTIATE ADHD, ASD 

AND ASD+ADHD ON EMOTION RECOGNITION AND SO-

CIAL PROCESSING TASKS? 
 

Throughout this Thesis, it has been demonstrated that the visual social-

emotional attention profile between ADHD versus ASD, is distinct. This 

was the case across two independent samples testing separate emotion 

recognition tasks. These visual social-emotional attention differences were 

initially revealed at the qualitative level and verified by machine learning in 

Chapter 2. Significant differences were also shown at the quantitative level 

in Chapters 3–5 using a 2x2 factor approach and verified at the group cate-

gorisation level using discriminant function analysis (DFA) in Chapter 6. 

In Chapter 6, both samples had eye tracking variables, indexing vis-

ual social-emotional attention loading onto significant discriminant func-

tions which showed opposing patterns in the ADHD group versus ASD 

group. This finding is in line with one of the main arguments of the Thesis 

which is that ADHD and ASD have differing visual social-emotional at-

tention (see Section 1.1.2). 

The observational coding framework protocol presented in Chapter 

2 in a subsample from Sample 1, generated classification rates of 100%, 

87.5% and 42.5% in the ADHD, ADHD+ASD and ASD group respec-

tively (χ2(9)=38.3, p<0.05). As this was a very time-consuming approach 

and potentially subject to observer bias, validation using machine learning, 

an automatic data-driven approach was undertaken and is more likely to 
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be adopted in clinical practice in the future. On machine learning, accura-

cies of up to 84% were found in the combined group in the first sample 

which not only validated the empirical coding results but also provided ad-

ditional algorithms on face processing in the ASD group, increasing the 

classification in ASD. On DFA in Chapter 6, characterisation of diagnoses 

across both samples was good for ADHD (81–88%). Characterisation for 

ASD was between 61–80% across both samples and characterisation for 

ASD+ADHD was more variable across both samples using DFA (33–

61%). As stated above, however, accuracies using machine learning which 

categorised face processing patterns and ‘scatter’ of fixations in the groups 

gave better accuracies for the combined group. 

In summary, using a combination of methodological approaches, it 

was demonstrated that eye tracking measures, indexing visual social-emo-

tional attention differentiate ADHD, ASD and ASD+ADHD on emotion 

recognition tasks, although the accuracy of classification would require fur-

ther optimisation prior to introduction as a diagnostic aid in clinical prac-

tice, alongside other clinical measures and tools. Before turning to clinical 

relevance, the limitations, strength and future work are discussed. 

 

 LIMITATIONS, STRENGTHS AND FURTHER 

WORK 
 

As described in Section 7.2, the Thesis was successful in answering the 

three main research questions of the Thesis and providing evidence for the 
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main hypothesis on visual social-emotional attention and emotion recogni-

tion in ADHD. That being said, it is important to acknowledge the limita-

tions of the methodologies used, the strength of the studies and suggestions 

for further work. 

7.3.1 SAMPLE SIZE AND STUDY DESIGN  
 

Despite two further rounds of recruitment, the sample size from Sample 1 

in the emotional faces task was small, after which funding and time limita-

tions ensued. Although the sample size was small compared with the pro-

jected estimated sample size calculated in section 2.2.1, the analytical 2x2 

factorial approach increased the power of the study. A post hoc power cal-

culation based on this 2x2 analytical approach showed there was sufficient 

power (87.7%) to find an interaction on with a medium effect size as de-

scribed in section 3.2.2. Furthermore, an interaction for emotion type by 

ASD by ADHD on total fixation count was found with a medium effect 

size (ηp2=0.07); substantiating sufficient power to detect an interaction of 

medium effect size. Despite the small sample size, the participants were 

well categorised and all children with ADHD were either stimulant naive 

or taken off stimulant medication minimising confound due to medication. 

In the second study, the number of geographical sites for recruitment were 

increased and the sample size was doubled. Further studies would benefit 

from taking this multisite approach so that analysis of subsamples such as 

within the comorbid group and in girls is more feasible. Additionally, chil-

dren with an IQ less than 70 were excluded from both studies so, findings 

may not be generalizable to children with an IQ less than 70. As the free 

viewing tasks in the second sample could be conducted in children with an 
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IQ less than 70, future studies would benefit from inclusion of children 

with an IQ less than 70, making findings more generalizable to the whole 

of the autism spectrum including those with intellectual impairment.  

As both studies were cross-sectional, it was not possible to make in-

ferences about developmental changes and visual social-emotional atten-

tion in ADHD. As this was one of the first studies to compare visual so-

cial-emotional attention using eye tracking in ADHD and the impact of 

ASD; a cross-sectional study was needed in the first instance as longitudi-

nal studies are costly and time consuming. It is difficult to establish causal 

pathways in cross-sectional designs so, the importance of establishing how 

genetic and environmental exposures affect the visual social-emotional at-

tention profile in ADHD over time will be an exciting avenue for future di-

rection. 

In both samples, the DAWBA was used as opposed to more lengthy 

semi-structured interviews such as the ADI-R to aid the categorisation of 

ASD. The SCQ however relates closely to the ADI-R and the use of the 

SCQ in combination with the DAWBA has been used by the assessors (PK 

and CH) in a large longitudinal study previously (Johnson et al. 2010a, 

2010b). 

Due to study time limitations, the ADOS was only performed in a 

subset of children in the first study, although ADOS validated the diagno-

sis from the DAWBA in all cases. In the second study, it was possible to 

do the ADOS in most of the clinical cases as this was done on the initial 

testing day. However, as ADOS was not completed for the typically devel-
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oping group, comparisons for ADOS scores including the emotion recogni-

tion subscore could only be made amongst the clinical groups. As an 

ADOS score of 0 is denoted as typically developing this can be substituted, 

allowing for a ‘pseudo’ comparison amongst the groups, but it is acknowl-

edged that this was not explicitly tested and therefore was not carried out 

in the analysis. 

The chosen tasks in Chapter 4 were based on tests used in clinical 

practice such as the ADOS and therefore, manipulation of the images was 

not undertaken. This means that differences between visual social-emo-

tional attention to colourful ADOS pictures versus black and white car-

toons could be influenced by colour contrast in addition to the characters’ 

social interaction. Further studies that allowed for manipulation of the im-

ages such as making the cartoons colourful will help to elucidate the exact 

mechanism involved in the findings. Using a machine learning approach 

for the ADOS images including the transitions of fixations from faces to 

objects will allow further examination of shared findings on the cartoons 

such as fixation counts within and between faces.  This would allow for a 

deeper understanding of social processing in relation to comorbidity mod-

els and potentially improve group categorisation accuracies. 

In terms of study design, it is also important to consider the limita-

tions of eye tracking. Firstly, there are technical issues with eye tracking. 

Head movements, eye blinking and participant fatigue can lead to artefact 

data which required data cleansing. Eye tracking measures are sensitive to 

luminance, image properties such as contrast and spatial properties. Alt-

hough luminance was measured and kept constant in the second study, it 
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was not possible to control for some of the other stated factors as images 

were not manipulated. There are potential confounding factors when stud-

ying visual attention using eye tracking, for example lighting and cognitive 

loading of the task.  

 Visual social-emotional attention in the context of this Thesis ex-

plored overt attention in relation to active vision (Findlay and Gilchrist 

2003). This design does not take covert attention into consideration thereby 

potentially missing the effects of early visual attentional processes that neu-

ral EEG techniques would detect. 

Although the visual social-emotional attention profile between 

ADHD and ASD differed throughout the Thesis, one of the themes that 

emerged was that individual eye tracking measures, indexing visual social-

emotional attention differed based on task type, task image, participant de-

mographics and eye tracker type. As lack of replication of findings is a 

common finding in neuroscience of developmental disorders, it is im-

portant that future replication of findings and studies carefully controls for 

these subtle differences in task design. 

 

7.3.2 STATISTICAL ANALYSES 
 

A 2x2 factorial approach to examine the effects of ADHD and ASD as 

fixed factors on visual social-emotional attention variables was used as it is 

commonly used in studies of comorbidity (Banaschewski et al. 2007; 

Groom et al. 2017; Tye et al. 2014). The 2x2 factorial approach has the 

ability to differentiate the effect of ADHD, ASD and of comorbidity 
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through an interaction of fixed factors allowing for the research questions 

to be tested. Furthermore, it improves the power of the sample by the com-

bination of 2 groups into one factor, essentially doubling the power of a 

more traditional group effect. Interpretation and comparison of findings 

(e.g. pure group versus controls) can be more difficult in the 2x2 factorial 

approach compared to the group approach. This was less of a problem for 

this Thesis as the main question was regarding ADHD versus ASD and 

comorbidity. Additionally, significant variables found on the 2x2 factorial 

approach were included in the discriminate function analyses (DFA) which 

used the group categorisation thereby validating the 2x2 factorial findings 

and allowing more ease in interpretation at the group level. It should be 

emphasised, however, that results from DFA should be interpreted cau-

tiously as replication of findings in a separate independent sample are re-

quired. 

Hierarchical linear regression was used to test for added variance of 

IQ and oppositional symptoms over and above ADHD and ASD on the 

significant eye tracking variables as clinical groups differed on IQ and op-

positional symptoms have been shown to be important in social problems 

in ADHD (Santosh and Mijovic 2004). Although, it could have been ar-

gued that analysis of covariates (ANCOVA) could have been used, the use 

of ANCOVA has been shown to be a poor way of covarying for IQ in psy-

chiatric and developmental disorders especially if IQ is tightly bound to the 

clinical profile of the disorder as is the case for both ASD and ADHD 

(Miller and Chapman 2001). Miller and Chapman (2001) highlighted that 

the covariate method removed too much of the variable of interest (in this 
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case ADHD), potentially leading to a false negative result. This would ef-

fectively wipe out an effect rather than explain the independent variance of 

ADHD and IQ on emotion recognition and visual attention as shown on 

hierarchical regression in Chapter 3. From a clinical perspective, regression 

is more meaningful as it provides information on the profile of ADHD 

with and without borderline IQ difficulties, potentially having more ex-

plicit emotion recognition accuracies due to additive atypical visual atten-

tion. It also points to the importance of clinical services providing intelli-

gence testing to children with an IQ more than 70 and who do not meet 

criteria for Intellectual disabilities services in the National Health Service. 

Miller and Chapman (2001) proposed that having a control group 

with a lower IQ would be the best way to examine the effects of IQ. Unfor-

tunately, this was not possible in our studies due to recruitment difficulties 

and time limitations but future study designs will benefit from controls 

with lower IQ. Although our study did not have children with an IQ below 

70, children with a better matched IQ in the control group compared with 

the clinical groups would be beneficial in future studies as we found an as-

sociation with reduced emotion recognition and lower IQ. It would also be 

important to consider comparison of groups with other psychiatric disor-

ders as studies have shown that visual attention can be affected in conduct 

and emotional disorders at the diagnostic level (Airdrie et al. 2018; 

Loughland, Williams, and Gordon 2002). 
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 RESEARCH IN CONTEXT AND CLINICAL IMPLI-

CATIONS 
 

This Thesis was designed to address an important clinical problem; with 

the intention to clarify if social cognitive deficits such as emotion recogni-

tion difficulties that present in children with ADHD are a primary conse-

quence of ADHD or secondary to a co-occurring disorder such as ASD. 

This section puts the findings from this Thesis into context. 

7.4.1 ADDED VALUE OF THIS PROJECT 
 

As this is one of the first eye tracking studies that has looked at visual so-

cial-emotional attention and compared it with ASD, this is an important 

contribution to the field. Three important research questions were an-

swered in this Thesis: 

1) There was an association between reduced explicit emotion recog-

nition and atypical visual social-emotional attention, indexed by 

‘hyper-extensive’ scanning of emotional faces in ADHD. Further-

more, reduced viewing time indexed by Dwell Time (DT) was sig-

nificantly associated with ‘hyper-extensive’ scanning, ADHD IA 

and HI symptoms and social skills deficits on the SAS. Con-

versely, spontaneous emotion recognition on the ADOS was asso-

ciated with ASD, and atypical processing of neutral faces, indexed 

by the Laterality Index (LI) and associated with ASD and ADHD 

HI symptom severity.  

2) Visual social-emotional attention suggested that explicit emotion 

recognition deficits found in ADHD are primarily mediated by 
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ADHD and low IQ whilst, comorbidity with ASD leads to addi-

tive spontaneous emotion recognition deficits on the ADOS due to 

slower orienting to faces and atypical neutral face processing. 

3)  A combination of methodological approaches demonstrated that 

visual social-emotional attention measures differentiate ADHD, 

ASD and ASD+ADHD on emotion recognition tasks. 

As this has implications for research and clinical practice, each will 

be addressed in turn. 

7.4.2 IMPLICATION FOR RESEARCH 
 

Eye tracking is widely used in the field of ASD to measure visual social at-

tention but much more rarely studied in ADHD. As there has been a vast 

number of studies documenting the comorbidity between ASD and 

ADHD, this study may be one of the first in an exponential rise in the field 

of eye tracking in ADHD and ASD. This study has extended the scope of 

study of visual social attention in neurodevelopmental disorders. As stated 

in Section 7.3, there are several research areas that would be useful to ad-

dress further, including: the potential comorbidity subtypes with differing 

comorbidity models; the environment interactions including the impact of 

peer rejection on emotion recognition; and last but not least, the longitudi-

nal mapping of visual social emotional attention in ADHD. 

7.4.3 CLINICAL PRACTICE IMPLICATIONS 
 

This Thesis has demonstrated that the visual social-emotional attention 

profile found in the groups also relates to the clinical phenotype. In Chap-
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ter 3, those with ADHD had reduced DT to other facial features of emo-

tional faces, which associated with ADHD symptom severity and social 

skills deficits on the SAS. This suggests that atypical visual social-emo-

tional attention in ADHD had effects on social skills which require assess-

ment and treatment (as discussed further in section 7.4.5). As described in 

the Case 1 (see Appendix I.), Andy had some social-emotional difficulties 

however, these improved with stimulant medication but promptly returned 

on medication discontinuation. 

 It is interesting to note that there were more children in the 

ASD+ADHD group than the ADHD group in this Thesis. As these sam-

ples are from the clinic population, this is in keeping with comorbidity be-

ing common in child psychiatry  (Gillberg 2010). As we found that those 

with ASD+ADHD had additional atypical visual social-emotional atten-

tion, associated with ADHD and ASD symptom severity, our findings sup-

port the early assessment of comorbid ASD in ADHD. Unfortunately, this 

is often not the case in current clinical practice; as exemplified by recent lit-

erature (Wei et al. 2018; Miodovnik et al. 2015) and in Case 3, who had 

delayed diagnosis of ASD in ADHD (see Appendix AI.). Prompt assess-

ment of comorbidity would allow for timely treatment approaches for addi-

tional social cognitive difficulties in children with ASD+ADHD, with the 

potential to improve long term outcome (discussed further in section 

7.4.5). 

In this Thesis, reduced orienting to faces and reduced looking to 

core features (eyes and mouth) was found in those with ASD (ASD and 

ASD+ADHD), which was associated with ASD symptoms severity on the 
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SCQ. As poor eye contact during social interactions is one of the hallmarks 

of ASD and frequently encountered during the clinical interview (see Ap-

pendix I.; Case 4), this relationship between the clinical profiles and the 

visual social-emotional attention profile are intrinsically appealing. Fur-

thermore, those with ASD (ASD and ASD+ADHD) show greater atypical 

hemispheric lateralisation during neutral face processing as indexed by the 

positive LI, which was associated with reduced spontaneous emotion 

recognition on the ADOS, ASD and ADHD HI symptom severity. As the 

left brain is associated with being logical, analytical and detail focused 

(Friedman and Forster 2005; Mihov, Denzler, and Forster 2010; Schmeck 

1988; Happe and Frith 2006), this can help to explain to patients with ASD 

where their strengths can lie. As depicted in Case 4 (see Appendix I.), Dan-

iel was very good at computing and programming. Thus, eye tracking can 

not only be indicative of the clinical profile but it can also act as a window 

to the brain providing further evidence of its use as a behavioural bi-

omarker in ASD (Bradshaw et al. 2019; Murias et al. 2018; Del Valle 

Rubido et al. 2018; Shic 2016).  

A relationship between the visual social-emotional attention profile 

and clinical ADHD phenotype was also found. Increased speed of fixa-

tions to the emotional face stimulus was present both qualitatively and 

quantitatively which could be related to the hyperactivity and restlessness, 

one of the core features of ADHD. Also, there was preservation of orient-

ing to the face and viewing eyes and mouth of emotional faces compared 

to those with ASD. As detailed in the Case 1 (see Appendix I.), young peo-

ple with ADHD often have reasonable eye contact when they are engaged 
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in the interview. Additionally the link between right brain lateralisation for 

neutral faces in our study and right brain dominance for creativity, holistic 

processing and intuition associated with entrepreneurism in the literature, 

helps to provide evidence of strengths to those with ADHD who may have 

been struggling academically (Mihov, Denzler, and Forster 2010; Moore, 

McIntyre, and Lanivich, 2019; Gonzalez-Carpio, Serrano, and Nieto 

López 2017).  

It is accepted that hemispheric bias is an over simplistic generalisa-

tion on the neural basis of personality traits and cognitive style (Happe and 

Frith 2006) however, our findings on laterality can support a strengths 

based as well as needs based approach to therapeutic assessment and en-

gagement in clinical practice. This is important as the addition of strengths 

based approaches to assessment and treatment has been advocated by neu-

rodevelopmental participation literature (Zener 2019). 

The links between clinical profile, visual social attention and brain 

networks is not only intuitively appealing to families and clinicians but also 

provides further support of the clinical utility of eye tracking. This could be 

helpful as routine diagnostic assessment in clinical practice is based on 

semi-structured interview which includes informant bias including recall 

bias and interviewer bias. Although the ADOS is an observer-based tool by 

a trained clinician, it can still be prone to subjective bias by the administra-

tor. In Chapter 6, discriminant function analysis showed that atypical vis-

ual social-emotional attention to ADOS images showed good discrimina-

tion between the groups in the second sample. Having measures of eye 
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tracking, indexing visual social-emotional attention while the child com-

pletes the ADOS could also provide additional validity to complex assess-

ment in the clinic setting. The next section detailed the feasibility of eye 

tracking as a diagnostic aid. 

7.4.4 EYE TRACKING AS A DIAGNOSTIC AID 
 

As described in Section 7.2.3, visual social-emotional attention discrimi-

nated the groups suggesting potential clinical utility as a diagnostic aid. 

Head-to-head comparison of studies by diagnosis showed that the visual 

social-emotional attention on the explicit emotion recognition task was bet-

ter at differentiating ADHD versus ASD than the spontaneous emotion 

recognition task. Visual social-emotional attention during the spontaneous 

emotion recognition tasks however, had more accurate rates for classifica-

tion of ASD+ADHD. Observation coding results from Chapter 2 and dis-

criminant function analysis in Chapter 6 reveal lower classification accura-

cies in the control group compared with the clinical groups, providing evi-

dence that eye tracking would be better placed as a diagnostic aid alongside 

other assessment measures in clinic rather than as a screening tool. Ma-

chine learning for the eye gaze patterns yielded best accuracies at the diag-

nostic level in the first study and it is likely that a combination of variables 

found in both studies via a machine learning approach will yield the best 

accuracy in aiding diagnoses. Further studies are needed to replicate and 

incorporate the findings into a single model to include a combination of 

the social-emotional stimuli and eye tracking measures used in one study 

sample. 
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If findings were replicated and a suitable model and algorithm 

tested in clinical trials, it could still take many years to get relevant approv-

als and for the technology to be adapted into clinical practice (Bansal et al 

2012). With the advent of improving technology and the current wave of 

digital mental health, policy makers may be more likely to incorporate this 

form of diagnostic aid but it is still likely to be lengthier than clinicians and 

families would like. 

Although a brain based (Jung et al. 2018) and/or a genetic test 

would be the gold standard, the time to translate this to the clinic takes sev-

eral years. Also, imaging is expensive and blood tests are painful; both of-

ten require sedation prior to the test in children with neurodevelopmental 

difficulties. The use of saliva samples for genetic testing for polygenic risk 

scores holds promise as an alternative to blood tests in children and adoles-

cents (Krapohl et al. 2017). 

As current diagnostic assessment methods are subjective, diagnostic 

aids can bring objectivity into the diagnostic process and could also create 

efficiency by leading to quicker (Hollis et al. 2018) and potentially more ac-

curate diagnosis. This has many benefits for the family and young person 

including a more robust and timely assessment which can lead to better 

mental health outcomes in the short, medium and long term. Diagnostic 

aids may also have a positive effect on services by helping to get the diag-

noses correct from the outset, reduction in waiting times and less demand 

overall due to prevention of secondary mental health problems. A caveat to 

this is that with any diagnostic aid, it is important to be upfront that this is 
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not a test and cannot be used in isolation in assessment or for screening in 

the community. 

As eye tracking on portable machines (e.g. smartphones or tablets) 

is non-invasive and accessible, measures can be completed in the child’s 

home or school and the usability of this non-invasive technology is high. 

The tasks can be quick and the monetary costs are relatively cheap com-

pared to imaging techniques. The added advantage of incorporation of 

emotion recognition and training such as teaching emotions or cognitive 

control using eye tracking is also important to consider in future (see Sec-

tion 7.4.5 for further work). 

The future of assessment of neuropsychiatric conditions will hope-

fully hold a range of options (e.g. eye tracking, imaging and genetic tests) 

so that the families can choose how they proceed with their assessment 

with the clinician on an individual basis, depending on the needs of the 

child and young person.  

7.4.5 FUTURE DIRECTION FOR CLINICAL APPLICATION  
 

In addition to the potential for eye tracking as a diagnostic aid, as stated in 

the previous section, it is also important to consider therapeutic applica-

tions. Designing studies both on and off stimulant medication could allow 

for further understanding of the impact of core symptoms in ADHD on 

visual social-emotional attention. A key test of the hypothesis that there is 

a primary visual social-emotional attention deficit in ADHD would be nor-

malisation with stimulant medication. Studies investigating the potential 
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therapeutic role of non-stimulant ADHD medication on visual social-emo-

tional attention and emotion recognition could also be fruitful. Further-

more, non-stimulant alpha adrenergic agonist, Guanfacine, has been docu-

mented as having promising effects on social function (McClure et al. 

2019) and treating addition comorbid symptoms including ASD and ODD 

in ADHD (de Groof, De La Marche, and Danckaerts 2019). Findings on 

Guanfacine suggest that additional mechanisms could also be involved in 

social function and visual social-emotional attention, which may benefit 

from direct testing. For example, it could be conceived that Guanfacine 

may improve atypical visual social-emotional attention to the negative 

emotional valence cartoon as this was associated with ASD and opposi-

tional symptom severity in ADHD. Conversely, stimulant medication may 

have a direct effect on viewing time (indexed by DT) to other facial fea-

tures of emotional faces which was associated with ADHD IA and HI 

symptom severity, in addition to social skills deficits on the SAS. There-

fore, some visual social-emotional attention profiles could respond differ-

ently to medication classes and this would allow for individualised medica-

tion suggestions depending on the visual social-emotional attention profile 

and clinical symptom severity subscales.  

In addition to medication, our findings on atypical visual social-

emotional attention in ADHD and ASD may also have implications for 

other therapeutic avenues. The explicit emotion recognition task was an 

adapted version of the Frankfurt test and training of social affect (FEFA) 

which also teaches emotions (Bolte et al. 2002). The incorporation of eye 

tracking to aid learning for example, orienting to the face and fixating on 
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the eyes for a certain amount of time in ASD, or teaching children with 

ADHD to look at the subtle facial features such as the brow during emo-

tion recognition could be important therapeutic interventions. A recent 

study found that children with social skills training improved emotion 

recognition more in children with ADHD compared to children with ASD, 

whom required additional training (Lee et al. 2018). This could be due to 

additional difficulties in viewing time to social areas and orientating visual 

social-emotional attention in children with ASD compared with ADHD 

without ASD found in our study.  

Group social skills training has been shown to improve social cogni-

tion and communication with, improved peer interactions in adolescents 

with ASD and, this group programme had also shown improvements in so-

cial skills in adolescents with ADHD (Laugeson et al. 2012; Gardner, 

Gerdes, and Weinberger 2019). An interesting avenue of future study could 

consider if improved outcomes in group social skills training relates to nor-

malisation of visual social-emotional attention to ADOS cartoons, which 

was atypical in children in the ASD group and the ADHD group in this 

Thesis. 

Additionally, there could be an impact of parenting programmes on 

emotion recognition and visual social-emotional attention in ADHD. Alt-

hough parenting programmes improve parent-child interactions, there have 

been inconsistent findings on core ADHD symptoms (Sonuga-Barke et al. 

2018). Visual social-emotional attention could potentially reveal the impact 

of parenting on emotion recognition in the ADHD phenotype. Finally, it 
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could be conceived that a combination of medication, social skills and fam-

ily interventions may improve visual social-emotional attention in those 

children with most impairment including those with ASD+ADHD. This 

suggests that multimodal treatment studies are warranted, in order to pro-

vide an evidence base for management of combined social-emotional atten-

tion difficulties in children with ASD+ADHD. 

In summary a visual social-emotional attention profile at the outset 

of treatment could help to tailor the individual treatment package, be in-

cluded in the social skills training package and, also aid with therapeutic 

monitoring alongside clinical symptom severity rating scales. This is im-

portant as, providing appropriate intervention(s) for social-emotional diffi-

culties has the potential to improve poor long term outcomes in children 

with ADHD, ASD and ASD+ADHD and therefore merits further study. 

 

 FINAL CONCLUSIONS 
 

This Thesis demonstrated that the study of visual social-emotional atten-

tion in ADHD would uncover important insights into social cognitive diffi-

culties including emotion recognition and comorbidity with ASD. In par-

ticular, the hypothesis that ADHD would have a primary problem with 

visual social-emotional attention which could explain emotion recognition 

and social skills difficulties and, that this would differentiate from visual at-

tention in ASD, was supported for explicit emotion recognition.  Findings 

also suggested that comorbidity with ASD leads to additive spontaneous 

emotion recognition deficits on the ADOS due to atypical orienting and, 
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atypical neutral face processing which was associated with ASD and 

ADHD hyperactive-impulsive symptom severity. Visual social-emotional 

attention differentiated the groups in two samples with highest classifica-

tion accuracies for the ADHD group. Overall, the research questions for 

this Thesis were answered and the aims were met.  

As this is one of the first eye tracking studies that has reported visual so-

cial-emotional attention in ADHD, ASD, ASD+ADHD and typically de-

veloping control children this is an important contribution to the field. As 

this research has direct clinical relevance and application, replication of the 

work in experimental study and progressing to clinical trials is warranted in 

order to provide further evidence, prior to the use of eye tracking as a diag-

nostic aid. This Thesis has answered important questions regarding the as-

sociation of ADHD and emotion recognition by studying visual social-

emotional attention using eye tracking. The research has also narrowed the 

gap in the search of diagnostic aids differentiating ADHD, autism and 

comorbidity. 
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Deubel, H., Hyo ̈nä, J. and Radach, R. (2003). The mind's eye : cognitive and 

applied aspects of eye movement research: Amsterdam : Elsevier Science. 

Dickstein, D. P., & Castellanos, F. X. (2012). Face processing in attention 

deficit/hyperactivity disorder. Curr Top Behav Neurosci, 9, 219-237.  

Dundas, E., Gastgeb, H., & Strauss, M. S. (2012). Left visual field biases 

when infants process faces: a comparison of infants at high- and 

low-risk for autism spectrum disorder. J Autism Dev Disord, 42(12), 

2659-2668.  

Dundas, E. M., Best, C. A., Minshew, N. J., & Strauss, M. S. (2012). A 

Lack of Left Visual Field Bias When Individuals with Autism 

Process Faces. Journal of Autism and Developmental Disorders, 42(6), 

1104-1111.  

Edmondson, D. A., Xia, P., McNally Keehn, R., Dydak, U., & Keehn, B. 

(2020). A Magnetic Resonance Spectroscopy Study of Superior 



311 
 

Visual Search Abilities in Children with Autism Spectrum Disorder. 

Autism Res, (in press).  

Elsabbagh, M., Divan, G., Koh, Y.-J., Kim, Y. S., Kauchali, S., Marcín, 

C., . . . Fombonne, E. (2012). Global prevalence of autism and 

other pervasive developmental disorders. Autism research : official 

journal of the International Society for Autism Research, 5(3), 160-179.  

Fair, D. A., Posner, J., Nagel, B. J., Bathula, D., Dias, T. G., Mills, K. L., 

. . . Nigg, J. T. (2010). Atypical default network connectivity in 

youth with attention-deficit/hyperactivity disorder. Biol Psychiatry, 

68(12), 1084-1091.  

Falck-Ytter, T., Bölte, S., & Gredebäck, G. (2013). Eye tracking in early 

autism research. Journal of Neurodevelopmental Disorders, 5(1), 1-13.  

Falck-Ytter, T., Fernell, E., Gillberg, C., & von Hofsten, C. (2010). Face 

scanning distinguishes social from communication impairments in 

autism. Dev Sci, 13(6),864-875.  

Faraone, S. V. (2018). The pharmacology of amphetamine and 

methylphenidate: Relevance to the neurobiology of attention-

deficit/hyperactivity disorder and other psychiatric comorbidities. 

Neurosci Biobehav Rev, 87, 255-270.  

Faraone, S. V., Biederman, J., Mennin, D., Russell, R., & Tsuang, M. T. 

(1998). Familial subtypes of attention deficit hyperactivity disorder: 

a 4-year follow-up study of children from antisocial-ADHD 

families. J Child Psychol Psychiatry, 39(7), 1045-1053.  

Faraone, S. V., & Larsson, H. (2019). Genetics of attention deficit 

hyperactivity disorder. Mol Psychiatry, 24(4), 562-575. 

Fein, D., Barton, M., Eigsti, I.-M., Kelley, E., Naigles, L., Schultz, R. T., . 

. . Tyson, K. (2013). Optimal outcome in individuals with a history 

of autism. Journal of Child Psychology and Psychiatry, 54(2), 195-205.  

Feinstein, A. (2010). A History of Autism Conversations with the Pioneers: 

Wiley-Blackwell. 

Field, A. (2005). Discovering Statistics Using SPSS (2nd ed.): SAGE. 

Findlay, J., & Gilchrist, I. (2003). Active Vision: The Psychology of Looking 

and Seeing: Oxford University Press. 



312 
 

Fitzgerald, M. (2017). The clinical utility of the ADI-R and ADOS in 

diagnosing autism. Br J Psychiatry, 211(2), 117.  

Fitzpatrick, P., Frazier, J. A., Cochran, D., Mitchell, T., Coleman, C., & 

Schmidt, R. C. (2018). Relationship Between Theory of Mind, 

Emotion Recognition, and Social Synchrony in Adolescents With 

and Without Autism. Front Psychol, 9, 1337-1337.  

Fombonne, E. (2009). Epidemiology of pervasive developmental disorders. 

Pediatr Res, 65(6), 591-598.  

Ford, T., Goodman, R., & Meltzer, H. (2003). The British Child and 

Adolescent Mental Health Survey 1999: the prevalence of DSM-IV 

disorders. J Am Acad Child Adolesc Psychiatry, 42(10), 1203-1211.  

Frazier, T. W., Klingemier, E. W., Parikh, S., Speer, L., Strauss, M. S., 

Eng, C., . . . Youngstrom, E. A. (2018). Development and 

Validation of Objective and Quantitative Eye Tracking-Based 

Measures of Autism Risk and Symptom Levels. J Am Acad Child 

Adolesc Psychiatry, 57(11), 858-866.  

Frazier, T. W., Strauss, M., Klingemier, E. W., Zetzer, E. E., Hardan, A. 

Y., Eng, C., & Youngstrom, E. A. (2017). A Meta-Analysis of Gaze 

Differences to Social and Nonsocial Information Between 

Individuals With and Without Autism. J Am Acad Child Adolesc 

Psychiatry, 56(7), 546-555.  

Freeth, M., Chapman, P., Ropar, D., & Mitchell, P. (2010). Do gaze cues 

in complex scenes capture and direct the attention of high 

functioning adolescents with ASD? Evidence from eye-tracking. 

Journal of Autism and Developmental Disorders, 40(5), 534-547.  

Friedman, R. S., & Forster, J. (2005). Effects of motivational cues on 

perceptual asymmetry: implications for creativity and analytical 

problem solving. J Pers Soc Psychol, 88(2), 263-275.  

Frost-Karlsson, M., Galazka, M. A., Gillberg, C., Gillberg, C., Miniscalco, 

C., Billstedt, E., . . . Asberg Johnels, J. (2019). Social scene 

perception in autism spectrum disorder: An eye-tracking and 

pupillometric study. J Clin Exp Neuropsychol, 41(10), 1024-1032.  



313 
 

Gardner, D. M., Gerdes, A. C., & Weinberger, K. (2019). Examination of 

a Parent-Assisted, Friendship-Building Program for Adolescents 

With ADHD. Journal of Attention Disorders, 23(4), 363-373.  

Geurts, H. M., Verte, S., Oosterlaan, J., Roeyers, H., & Sergeant, J. A. 

(2004). How specific are executive functioning deficits in attention 

deficit hyperactivity disorder and autism? J Child Psychol Psychiatry, 

45(4), 836-854.  

Gillberg, C. (2003). Deficits in attention, motor control, and perception: a 

brief review. Arch Dis Child, 88(10), 904-910.  

Gillberg, C. (2010). The ESSENCE in child psychiatry: Early 

Symptomatic Syndromes Eliciting Neurodevelopmental Clinical 

Examinations. Res Dev Disabil, 31(6), 1543-1551.  

Gillberg, C. (2014). ADHD and its many associated problems. New York, NY: 

Oxford University Press; US. 

Gitelman, D. R. (2002). ILAB: a program for postexperimental eye 

movement analysis. Behav Res Methods Instrum Comput, 34(4), 605-

612.  

Gizer, I. R., Ficks, C., & Waldman, I. D. (2009). Candidate gene studies 

of ADHD: a meta-analytic review. Hum Genet, 126(1), 51-90.  

Gliga, T., Smith, T. J., Likely, N., Charman, T., & Johnson, M. H. (2018). 

Early Visual Foraging in Relationship to Familial Risk for Autism 

and Hyperactivity/Inattention. J Atten Disord, 22(9), 839-847.  

Gonzalez-Carpio, G., Serrano, J., & Nieto López, M. (2017). Creativity in 

Children with Attention Déficit Hyperactivity Disorder (ADHD). 

Psychology, 8, 319-334.  

Goodman, R. (2001). Psychometric properties of the strengths and 

difficulties questionnaire. J Am Acad Child Adolesc Psychiatry, 40(11), 

1337-1345.  

Goodman, R., Ford, T., Richards, H., Gatward, R., & Meltzer, H. (2000). 

The Development and Well-Being Assessment: description and 

initial validation of an integrated assessment of child and adolescent 

psychopathology. J Child Psychol Psychiatry, 41(5), 645-655.  



314 
 

Goodman, R., Ford, T., Simmons, H., Gatward, R., & Meltzer, H. (2000). 

Using the Strengths and Difficulties Questionnaire (SDQ) to screen 

for child psychiatric disorders in a community sample. Br J 

Psychiatry, 177, 534-539.  

Gould, T. D., Bastain, T. M., Israel, M. E., Hommer, D. W., & 

Castellanos, F. X. (2001). Altered performance on an ocular 

fixation task in attention-deficit/hyperactivity disorder. Biological 

Psychiatry, 50(8), 633-635.  

Graziano, P. A., & Garcia, A. (2016). Attention-deficit hyperactivity 

disorder and children's emotion dysregulation: A meta-analysis. 

Clinical Psychology Review, 46, 106-123.  

Greene, R. W., Biederman, J., Faraone, S. V., Ouellette, C. A., Penn, C., 

& Griffin, S. M. (1996). Toward a new psychometric definition of 

social disability in children with attention-deficit hyperactivity 

disorder. J Am Acad Child Adolesc Psychiatry, 35(5), 571-578.  

Greven, C. U., Bralten, J., Mennes, M., O'Dwyer, L., van Hulzen, K. J., 

Rommelse, N., . . . Buitelaar, J. K. (2015). Developmentally stable 

whole-brain volume reductions and developmentally sensitive 

caudate and putamen volume alterations in those with attention-

deficit/hyperactivity disorder and their unaffected siblings. JAMA 

Psychiatry, 72(5), 490-499.  

Grizenko, N., Fortier, M. E., Zadorozny, C., Thakur, G., Schmitz, N., 

Duval, R., & Joober, R. (2012). Maternal stress during pregnancy, 

ADHD symptomatology in children and genotype: Gene-

environment interaction. Journal of the Canadian Academy of Child and 

Adolescent Psychiatry, 21(1), 9-15.  

Groom, M. J., Kochhar, P., Hamilton, A., Liddle, E. B., Simeou, M., & 

Hollis, C. (2017). Atypical Processing of Gaze Cues and Faces 

Explains Comorbidity between Autism Spectrum Disorder (ASD) 

and Attention Deficit/Hyperactivity Disorder (ADHD). J Autism 

Dev Disord, 47, 1496-1509.  



315 
 

Grove, J., Ripke, S., Als, T. D., Mattheisen, M., Walters, R., Won, H., . . . 

Børglum, A. D. (2019). Common risk variants identified in autism 

spectrum disorder. Nat Genet, 51(3), 431-444.  

Guillon, Q., Afzali, M. H., Roge, B., Baduel, S., Kruck, J., & Hadjikhani, 

N. (2015). The Importance of Networking in Autism Gaze 

Analysis. PLoS One, 10(10), e0141191.  

Guillon, Q., Hadjikhani, N., Baduel, S., Kruck, J., Arnaud, M., & Roge, 

B. (2014). Both dog and human faces are explored abnormally by 

young children with autism spectrum disorders. Neuroreport, 25(15), 

1237-1241.  

Guillon, Q., Hadjikhani, N., Baduel, S., & Rogé, B. (2014). Visual social 

attention in autism spectrum disorder: Insights from eye tracking 

studies. Neuroscience & Biobehavioral Reviews, 42, 279-297.  

Haist, F., & Anzures, G. (2017). Functional development of the brain's 

face-processing system. Wiley Interdiscip Rev Cogn Sci, 8(1-2), e1423.  

Hall, C. L., Walker, G. M., Valentine, A. Z., Guo, B., Kaylor-Hughes, C., 

James, M., . . . Hollis, C. (2014). Protocol investigating the clinical 

utility of an objective measure of activity and attention (QbTest) on 

diagnostic and treatment decision-making in children and young 

people with ADHD-'Assessing QbTest Utility in ADHD' (AQUA): 

a randomised controlled trial. BMJ Open, 4(12), e006838.  

Happe, F., & Frith, U. (2006). The weak coherence account: detail-focused 

cognitive style in autism spectrum disorders. J Autism Dev Disord, 

36(1), 5-25.  

Happe, F., & Frith, U. (2020). Annual Research Review: Looking back to 

look forward - changes in the concept of autism and implications for 

future research. J Child Psychol Psychiatry, 61, 218-232. 

Happe, F., Ronald, A., & Plomin, R. (2006). Time to give up on a single 

explanation for autism. Nat Neurosci, 9(10), 1218-1220.  

Harms, M. B., Martin, A., & Wallace, G. L. (2010). Facial Emotion 

Recognition in Autism Spectrum Disorders: A Review of 

Behavioral and Neuroimaging Studies. Neuropsychology Review, 

20(3), 290-322.  



316 
 

Heaton, T. J., & Freeth, M. (2016). Reduced visual exploration when 

viewing photographic scenes in individuals with autism spectrum 

disorder. J Abnorm Psychol, 125(3), 399-411.  

Hellgren, L., Gillberg, I. C., Bågenholm, A., & Gillberg, C. (1994). 

Children with deficits in attention, motor control and perception 

(DAMP) almost grown up: psychiatric and personality disorders at 

age 16 years. J Child Psychol Psychiatry, 35(7), 1255-1271.  

Hollis, C., Hall, C. L., Guo, B., James, M., Boadu, J., Groom, M. J., . . . 

Morriss, R. (2018). The impact of a computerised test of attention 

and activity (QbTest) on diagnostic decision-making in children and 

young people with suspected attention deficit hyperactivity 

disorder: single-blind randomised controlled trial. J Child Psychol 

Psychiatry, 59(12), 1298-1308.  

Hoogman, M., Bralten, J., Hibar, D. P., Mennes, M., Zwiers, M. P., 

Schweren, L. S. J., . . . Franke, B. (2017). Subcortical brain volume 

differences in participants with attention deficit hyperactivity 

disorder in children and adults: a cross-sectional mega-analysis. 

Lancet Psychiatry, 4(4), 310-319.  

Ibanez, A., Petroni, A., Urquina, H., Torrente, F., Torralva, T., Hurtado, 

E., . . . Manes, F. (2011). Cortical deficits of emotional face 

processing in adults with ADHD: its relation to social cognition and 

executive function. Soc Neurosci, 6(5-6), 464-481.  

Ichikawa, H., Nakato, E., Kanazawa, S., Shimamura, K., Sakuta, Y., 

Sakuta, R., . . . Kakigi, R. (2014). Hemodynamic response of 

children with attention-deficit and hyperactive disorder (ADHD) to 

emotional facial expressions. Neuropsychologia, 63, 51-58.  

Itier, R. J., & Batty, M. (2009). Neural bases of eye and gaze processing: 

the core of social cognition. Neurosci Biobehav Rev, 33(6), 843-863.  

Jaiswal, S., Valstar, M. F., Gillott, A., & Daley, D. (2017). Automatic 

Detection of ADHD and ASD from Expressive Behaviour in RGBD Data. 

Paper presented at the 2017 12th IEEE International Conference on 

Automatic Face & Gesture Recognition, 762-769. 



317 
 

Jansen, A. G., Dieleman, G. C., Jansen, P. R., Verhulst, F. C., Posthuma, 

D., & Polderman, T. J. C. (2019). Psychiatric Polygenic Risk Scores 

as Predictor for Attention Deficit/Hyperactivity Disorder and 

Autism Spectrum Disorder in a Clinical Child and Adolescent 

Sample. Behav Genet, (in press). 

Jepsen, J. R., Fagerlund, B., & Mortensen, E. L. (2009). Do attention 

deficits influence IQ assessment in children and adolescents with 

ADHD? J Atten Disord, 12(6), 551-562.  

Johnson, M. H. (2017). Autism as an adaptive common variant pathway 

for human brain development. Dev Cogn Neurosci, 25, 5-11.  

Johnson, S., Hollis, C., Kochhar, P., Hennessy, E., Wolke, D., & Marlow, 

N. (2010a). Autism spectrum disorders in extremely preterm 

children. J Pediatr, 156(4), 525-531.  

Johnson, S., Hollis, C., Kochhar, P., Hennessy, E., Wolke, D., & Marlow, 

N. (2010b). Psychiatric disorders in extremely preterm children: 

longitudinal finding at age 11 years in the EPICure study. J Am 

Acad Child Adolesc Psychiatry, 49(5), 453-463.  

Jones, C. R., Pickles, A., Falcaro, M., Marsden, A. J., Happe, F., Scott, S. 

K., . . . Charman, T. (2011). A multimodal approach to emotion 

recognition ability in autism spectrum disorders. J Child Psychol 

Psychiatry, 52(3), 275-285.  

Jung, M., Tu, Y., Park, J., Jorgenson, K., Lang, C., Song, W., & Kong, J. 

(2018). Surface-based shared and distinct resting functional 

connectivity in attention-deficit hyperactivity disorder and autism 

spectrum disorder. The British Journal of Psychiatry, 214(6), 339-344.  

Kadesjö, C., Hägglöf, B., Kadesjö, B., & Gillberg, C. (2003). Attention-

deficit– hyperactivity disorder with and without oppositional 

defiant disorder in 3- to 7-year-old children. Developmental Medicine 

& Child Neurology, 45(10), 693-699.  

Karatekin, C. (2007). Eye tracking studies of normative and atypical 

development. Developmental Review, 27(3), 283-348.  

Karatekin, C., & Asarnow, R. F. (1999). Exploratory eye movements to 

pictures in childhood-onset schizophrenia and attention-



318 
 

deficit/hyperactivity disorder (ADHD). J Abnorm Child Psychol, 

27(1), 35-49.  

Karmiloff-Smith, A. (1998). Development itself is the key to understanding 

developmental disorders. Trends Cogn Sci, 2(10), 389-398.  

Kats-Gold, I., Besser, A., & Priel, B. (2007). The role of simple emotion 

recognition skills among school aged boys at risk of ADHD. Journal 

of Abnormal Child Psychology, 35(3), 363-378.  

Klimkeit, E. I., Mattingley, J. B., Sheppard, D. M., Lee, P., & Bradshaw, 

J. L. (2003). Perceptual asymmetries in normal children and 

children with attention deficit/hyperactivity disorder. Brain Cogn, 

52(2), 205-215.  

Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D. (2002). Visual 

fixation patterns during viewing of naturalistic social situations as 

predictors of social competence in individuals with autism. Arch Gen 

Psychiatry, 59(9), 809-816.  

Kochhar, P., Batty, M. J., Liddle, E. B., Groom, M. J., Scerif, G., Liddle, 

P. F., & Hollis, C. P. (2011). Autistic spectrum disorder traits in 

children with attention deficit hyperactivity disorder. Child Care 

Health Dev, 37(1), 103-110.  

Kolko, D. J., Bukstein, O. G., & Barron, J. (1999). Methylphenidate and 

behavior modification in children with ADHD and comorbid ODD 

or CD: main and incremental effects across settings. J Am Acad 

Child Adolesc Psychiatry, 38(5), 578-586.  

Krapohl, E., Patel, H., Newhouse, S., Curtis, C. J., von Stumm, S., Dale, 

P. S., . . . Plomin, R. (2017). Multi-polygenic score approach to trait 

prediction. Molecular Psychiatry, 23, 1368.  

Kringelbach, M. L., & Phillips, H. (2014). Emotion: Pleasure and pain in the 

brain: Oxford: Oxford University Press. 

Lai, M. C., Kassee, C., Besney, R., Bonato, S., Hull, L., Mandy, W., . . . 

Ameis, S. H. (2019). Prevalence of co-occurring mental health 

diagnoses in the autism population: a systematic review and meta-

analysis. Lancet Psychiatry, 6(10), 819-829.  



319 
 

Laugeson, E. A., Frankel, F., Gantman, A., Dillon, A. R., & Mogil, C. 

(2012). Evidence-based social skills training for adolescents with 

autism spectrum disorders: the UCLA PEERS program. J Autism 

Dev Disord, 42(6), 1025-1036.  

Lee, J.-S., Kang, N.-R., Kim, H.-J., & Kwak, Y.-S. (2018). Discriminative 

Effects of Social Skills Training on Facial Emotion Recognition 

among Children with Attention-Deficit/Hyperactivity Disorder and 

Autism Spectrum Disorder. Journal of the Korean Academy of Child 

and Adolescent Psychiatry, 29(4), 150-160.  

Lerner, D. A., Verheul, I., & Thurik, R. (2019). Entrepreneurship and 

attention deficit/hyperactivity disorder: a large-scale study 

involving the clinical condition of ADHD. Small Business Economics, 

53(2), 381-392.  

Li, Z., Chang, S.-h., Zhang, L.-y., Gao, L., & Wang, J. (2014). Molecular 

genetic studies of ADHD and its candidate genes: A review. 

Psychiatry Res, 219(1), 10-24.  

Liberati, A., Fadda, R., Doneddu, G., Congiu, S., Javarone, M. A., 

Striano, T., & Chessa, A. (2017). A Statistical Physics Perspective 

to Understand Social Visual Attention in Autism Spectrum 

Disorder. Perception, 46(8), 889-913.  

Liddle, E. B., Batty, M. J., & Goodman, R. (2008). The Social Aptitudes 

Scale: an initial validation. Soc Psychiatry Psychiatr Epidemiol, 44, 

508. 

Liddle, E. B., Hollis, C., Batty, M. J., Groom, M. J., Totman, J. J., Liotti, 

M., . . . Liddle, P. F. (2011). Task-related default mode network 

modulation and inhibitory control in ADHD: effects of motivation 

and methylphenidate. J Child Psychol Psychiatry, 52(7), 761-771.  

Lin, A., Ching, C. R. K., Vajdi, A., Sun, D., Jonas, R. K., Jalbrzikowski, 

M., . . . Bearden, C. E. (2017). Mapping 22q11.2 Gene Dosage 

Effects on Brain Morphometry. J Neurosci, 37(26), 6183-6199.  

Lord, C., Cook, E. H., Leventhal, B. L., & Amaral, D. G. (2000). Autism 

spectrum disorders. Neuron, 28(2), 355-363.  



320 
 

Lord C, R. M., DiLavore PC, Risi S, Gotham K, Bishop S. (2012). Autism 

Diagnostic Observation Schedule, Second Edition (ADOS-2) Manual (Part 

I): Modules 1–4: Torrance, CA: Western Psychological Services. 

Lord, C., Rutter, M., Goode, S., Heemsbergen, J., Jordan, H., Mawhood, 

L., & Schopler, E. (1989). Autism diagnostic observation schedule: 

a standardized observation of communicative and social behavior. J 

Autism Dev Disord, 19(2), 185-212.  

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism Diagnostic 

Interview-Revised: a revised version of a diagnostic interview for 

caregivers of individuals with possible pervasive developmental 

disorders. J Autism Dev Disord, 24(5), 659-685.  

Loughland, C. M., Williams, L. M., & Gordon, E. (2002). Schizophrenia 

and affective disorder show different visual scanning behavior for 

faces: a trait versus state-based distinction? Biol Psychiatry, 52(4), 

338-348.  

Lukito, S., Jones, C. R. G., Pickles, A., Baird, G., Happé, F., Charman, 

T., & Simonoff, E. (2017). Specificity of executive function and 

theory of mind performance in relation to attention-

deficit/hyperactivity symptoms in autism spectrum disorders. Mol 

Autism, 8(60), 1-13.  

Lundstrom, S., Haworth, C. M., Carlstrom, E., Gillberg, C., Mill, J., 

Rastam, M., . . . Reichenberg, A. (2010). Trajectories leading to 

autism spectrum disorders are affected by paternal age: findings 

from two nationally representative twin studies. J Child Psychol 

Psychiatry, 51(7), 850-856.  

Manly, T., Cornish, K., Grant, C., Dobler, V., & Hollis, C. (2005). 

Examining the relationship between rightward visuo-spatial bias 

and poor attention within the normal child population using a brief 

screening task. J Child Psychol Psychiatry, 46(12), 1337-1344.  

Manor, B. R., Gordon, E., Williams, L. M., Rennie, C. J., Bahramali, H., 

Latimer, C. R., . . . Meares, R. A. (1999). Eye movements reflect 

impaired face processing in patients with schizophrenia. Biol 

Psychiatry, 46(7), 963-969.  



321 
 

Marsh, P. (2008). Impaired emotion perception in ADHD and first-episode 

schizophrenia: How are they different. Saarbrucken, Germany: VDM 

Verlag Dr Muller (published PhD thesis). 

Martin, J., Cooper, M., Hamshere, M. L., Pocklington, A., Scherer, S. W., 

Kent, L., . . . Holmans, P. (2014). Biological overlap of attention-

deficit/hyperactivity disorder and autism spectrum disorder: 

evidence from copy number variants. J Am Acad Child Adolesc 

Psychiatry, 53(7), 761-770. 

Max, J. E., Schachar, R. J., Levin, H. S., Ewing-Cobbs, L., Chapman, S. 

B., Dennis, M., . . . Landis, J. (2005). Predictors of secondary 

attention-deficit/hyperactivity disorder in children and adolescents 

6 to 24 months after traumatic brain injury. J Am Acad Child Adolesc 

Psychiatry, 44(10), 1041-1049.  

McArdle, P., Prosser, J., & Kolvin, I. (2004). Prevalence of psychiatric 

disorder: with and without psychosocial impairment. European Child 

& Adolescent Psychiatry, 13(6), 347-353.  

McClure, M. M., Graff, F., Triebwasser, J., Perez-Rodriguez, M., Rosell, 

D. R., Koenigsberg, H., . . . New, A. S. (2019). Guanfacine 

Augmentation of a Combined Intervention of Computerized 

Cognitive Remediation Therapy and Social Skills Training for 

Schizotypal Personality Disorder. Am J Psychiatry, 176(4), 307-314.  

McQuade, J. D., Breslend, N. L., & Groff, D. (2018). Experiences of 

physical and relational victimization in children with ADHD: The 

role of social problems and aggression. Aggress Behav, 44(4), 416-

425.  

Mihov, K. M., Denzler, M., & Forster, J. (2010). Hemispheric 

specialization and creative thinking: a meta-analytic review of 

lateralization of creativity. Brain Cogn, 72(3), 442-448.  

Milledge, S. V., Cortese, S., Thompson, M., McEwan, F., Rolt, M., 

Meyer, B., . . . Eisenbarth, H. (2019). Peer relationships and 

prosocial behaviour differences across disruptive behaviours. Eur 

Child Adolesc Psychiatry, 28(6), 781-793.  



322 
 

Miller, G. A., & Chapman, J. P. (2001). Misunderstanding analysis of 

covariance. J Abnorm Psychol, 110(1), 40-48.  

Miodovnik, A., Harstad, E., Sideridis, G., & Huntington, N. (2015). 

Timing of the Diagnosis of Attention-Deficit/Hyperactivity 

Disorder and Autism Spectrum Disorder. Pediatrics, 136(4), 830-837. 

Moore, C. B., McIntyre, N. H., & Lanivich, S. E. (2019). ADHD-Related 

Neurodiversity and the Entrepreneurial Mindset. Entrepreneurship 

Theory and Practice, (in press). 

Mulligan, A., Anney, R. J., O'Regan, M., Chen, W., Butler, L., Fitzgerald, 

M., . . . Gill, M. (2009). Autism symptoms in Attention-

Deficit/Hyperactivity Disorder: a familial trait which correlates 

with conduct, oppositional defiant, language and motor disorders. J 

Autism Dev Disord, 39(2), 197-209.  

Murias, M., Major, S., Davlantis, K., Franz, L., Harris, A., Rardin, B., . . . 

Dawson, G. (2018). Validation of eye-tracking measures of social 

attention as a potential biomarker for autism clinical trials. Autism 

Res, 11(1), 166-174. 

Muszkat, M., de Mello, C. B., Munoz Pde, O., Lucci, T. K., David, V. F., 

Siqueira Jde, O., & Otta, E. (2015). Face Scanning in Autism 

Spectrum Disorder and Attention Deficit/Hyperactivity Disorder: 

Human Versus Dog Face Scanning. Front Psychiatry, 6, 150.  

Naaijen, J., Bralten, J., Poelmans, G., Glennon, J. C., Franke, B., & 

Buitelaar, J. K. (2017). Glutamatergic and GABAergic gene sets in 

attention-deficit/hyperactivity disorder: association to overlapping 

traits in ADHD and autism. Transl Psychiatry, 7(1), e999.  

Neale, M. C., & Kendler, K. S. (1995). Models of comorbidity for 

multifactorial disorders. Am J Hum Genet, 57(4), 935-953.  

Niarchou, M., Chawner, S., Doherty, J. L., Maillard, A. M., Jacquemont, 

S., Chung, W. K., . . . Bree, M. (2019). Psychiatric disorders in 

children with 16p11.2 deletion and duplication. Transl Psychiatry, 

9(1), 8.  



323 
 

NICE. (2008). Attention deficit hyperactivity disorder. Diagnosis and 

management of ADHD in children, young people and adults, National 

Institute for Health & Care Excellence.  

NICE. (2011). Autism spectrum disorder in under 19s: recognition, referral and 

diagnosis (Clinical guideline [CG128]). National Institute for Health & 

Care Excellence. 

NICE. (2018). Attention deficit hyperactivity disorder: diagnosis and management 

(NICE guideline [NG87]). National Institute for Health & Care 

Excellence. 

Nijmeijer, J. S., Minderaa, R. B., Buitelaar, J. K., Mulligan, A., Hartman, 

C. A., & Hoekstra, P. J. (2008). Attention-deficit/hyperactivity 

disorder and social dysfunctioning. Clin Psychol Rev, 28(4), 692-708.  

Nikolas, M. A., & Burt, S. A. (2010). Genetic and environmental 

influences on ADHD symptom dimensions of inattention and 

hyperactivity: a meta-analysis. J Abnorm Psychol, 119(1), 1-17.  

Norbury, C. F., Brock, J., Cragg, L., Einav, S., Griffiths, H., & Nation, K. 

(2009). Eye-movement patterns are associated with communicative 

competence in autistic spectrum disorders. J Child Psychol Psychiatry, 

50(7), 834-842.  

Noton, D., & Stark, L. (1971a). Eye movements and visual perception. Sci 

Am, 224(6), 35-43.  

Noton, D., & Stark, L. (1971b). Scanpaths in eye movements during 

pattern perception. Science, 171(3968), 308-311.  

Noton, D., & Stark, L. (1971c). Scanpaths in saccadic eye movements 

while viewing and recognizing patterns. Vision Res, 11(9), 929-942.  

Nyden, A., Hjelmquist, E., & Gillberg, C. (2000). Autism spectrum and 

attention-deficit disorders in girls. Some neuropsychological 

aspects. Eur Child Adolesc Psychiatry, 9(3), 180-185.  

Palladino, V. S., McNeill, R., Reif, A., & Kittel-Schneider, S. (2019). 

Genetic risk factors and gene-environment interactions in adult and 

childhood attention-deficit/hyperactivity disorder. Psychiatr Genet, 

29(3), 63-78.  



324 
 

Patterson, P. H. (2011). Maternal infection and immune involvement in 

autism. Trends Mol Med, 17(7), 389-394.  

Pelc, K., Kornreich, C., Foisy, M. L., & Dan, B. (2006). Recognition of 

emotional facial expressions in attention-deficit hyperactivity 

disorder. Pediatr Neurol, 35(2), 93-97.  

Pellicano, E., & Rhodes, G. (2003). Holistic Processing of Faces in 

Preschool Children and Adults. Psychological Science, 14(6), 618-622.  

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., 

& Piven, J. (2002). Visual scanning of faces in autism. J Autism Dev 

Disord, 32(4), 249-261.  

Pennington, B. F. (2006). From single to multiple deficit models of 

developmental disorders. Cognition, 101(2), 385-413.  

Petersen, S. E., & Posner, M. I. (2012). The attention system of the human 

brain: 20 years after. Annu Rev Neurosci, 35, 73-89.  

Phillips, M. L., & David, A. S. (1997). Viewing Strategies for Simple and 

Chimeric Faces: An Investigation of Perceptual Bias in Normals 

and Schizophrenic Patients Using Visual Scan Paths. Brain and 

Cognition, 35(2), 225-238.  

Pishyareh, E., Tehrani-Doost, M., Mahmoodi-Gharaie, J., Khorrami, A., 

Joudi, M., & Ahmadi, M. (2012). Attentional Bias towards 

Emotional Scenes in Boys with Attention Deficit Hyperactivity 

Disorder. Iran J Psychiatry, 7(2), 93-96.  

Pishyareh, E., Tehrani-Doost, M., Mahmoodi-Gharaie, J., Khorrami, A., 

& Rahmdar, S. R. (2015). A comparative study of sustained 

attentional bias on emotional processing in adhd children to 

pictures with eye-tracking. Iranian Journal of Child Neurology, 9(1), 

64-70.  

Pliszka, S. R. (2000). Patterns of Psychiatric Comorbidity with Attention-

Deficit/Hyperactivity Disorder. Child and Adolescent Psychiatric 

Clinics of North America, 9(3), 525-540.  

Pliszka, S. R. (2009). Treating ADHD and comorbid disorders: Psychosocial and 

psychopharmacological interventions. New York, NY: Guilford Press; 

US. 



325 
 

Polanczyk, G., de Lima, M. S., Horta, B. L., Biederman, J., & Rohde, L. 

A. (2007). The Worldwide Prevalence of ADHD: A Systematic 

Review and Metaregression Analysis. American Journal of Psychiatry, 

164(6), 942-948.  

Posner, J., Maia, T. V., Fair, D., Peterson, B. S., Sonuga-Barke, E. J., & 

Nagel, B. J. (2011). The attenuation of dysfunctional emotional 

processing with stimulant medication: an fMRI study of adolescents 

with ADHD. Psychiatry Res, 193(3), 151-160.  

Posner, M. I. (2016). Orienting of attention: Then and now. Q J Exp Psychol 

(Hove), 69(10), 1864-1875.  

Rasmussen, P., & Gillberg, C. (2000). Natural outcome of ADHD with 

developmental coordination disorder at age 22 years: a controlled, 

longitudinal, community-based study. J Am Acad Child Adolesc 

Psychiatry, 39(11), 1424-1431.  

Reiersen, A. M., Constantino, J. N., Volk, H. E., & Todd, R. D. (2007). 

Autistic traits in a population-based ADHD twin sample. J Child 

Psychol Psychiatry, 48(5), 464-472.  

Riby, D. M., & Hancock, P. J. (2008). Viewing it differently: social scene 

perception in Williams syndrome and autism. Neuropsychologia, 

46(11), 2855-2860.  

Robinson, F. R., & Fuchs, A. F. (2001). The Role of the Cerebellum in 

Voluntary Eye Movements. Annual Review of Neuroscience, 24(1), 

981-1004.  

Rodrigo-Ruiz, D., Perez-Gonzalez, J. C., & Cejudo, J. (2017).Emotional 

Facial Recognition Difficulties as Primary Deficit in Children With 

Attention Deficit Hyperactivity Disorder: A Systematic Review. Rev 

Neurol, 65(4), 145-152. 

Romani, M., Vigliante, M., Faedda, N., Rossetti, S., Pezzuti, L., Guidetti, 

V., & Cardona, F. (2018). Face memory and face recognition in 

children and adolescents with attention deficit hyperactivity 

disorder: A systematic review. Neurosci Biobehav Rev, 89, 1-12.  

Rommelse, N. N. J., Franke, B., Geurts, H. M., Hartman, C. A., & 

Buitelaar, J. K. (2010). Shared heritability of attention-



326 
 

deficit/hyperactivity disorder and autism spectrum disorder. 

European Child & Adolescent Psychiatry, 19(3), 281-295.  

Rommelse, N. N. J., Geurts, H. M., Franke, B., Buitelaar, J. K., & 

Hartman, C. A. (2011). A review on cognitive and brain 

endophenotypes that may be common in autism spectrum disorder 

and attention-deficit/hyperactivity disorder and facilitate the search 

for pleiotropic genes. Neuroscience & Biobehavioral Reviews, 35(5), 

1363-1396.  

Rommelse, N. N. J., Van der Stigchel, S., & Sergeant, J. A. (2008). A 

review on eye movement studies in childhood and adolescent 

psychiatry. Brain & Cognition, 68(3), 391-341.  

Rubia, K., Halari, R., Cubillo, A., Mohammad, A. M., Brammer, M., & 

Taylor, E. (2009). Methylphenidate normalises activation and 

functional connectivity deficits in attention and motivation 

networks in medication-naive children with ADHD during a 

rewarded continuous performance task. Neuropharmacology, 57(7-8), 

640-652.  

Rutter, M., Bailey, A., Lord, C., & Berument, S.K. (2003). Social 

Communication Questionnaire Western Psychological Services. Los 

Angeles, CA. 

Rutter, M., & Taylor, E. (2002). Child and Adolescent Psychiatry (Fourth 

ed.): Blackwell. 

Santosh, P. J., & Mijovic, A. (2004). Social impairment in Hyperkinetic 

Disorder - relationship to psychopathology and environmental 

stressors. Eur Child Adolesc Psychiatry, 13(3), 141-150.  

Satterstrom, F. K., Walters, R. K., Singh, T., Wigdor, E. M., Lescai, F., 

Demontis, D., . . . Daly, M. J. (2018). ASD and ADHD have a 

similar burden of rare protein-truncating variants. bioRxiv (preprint), 

277707.  

Sayal, K., Prasad, V., Daley, D., Ford, T., & Coghill, D. (2018). ADHD in 

children and young people: prevalence, care pathways, and service 

provision. Lancet Psychiatry, 5(2), 175-186.  



327 
 

Schmeck, R. (1988). Learning strategies and learning styles. New York, NY, 

US: Plenum Press. 

Serrano, V. J., Owens, J. S., & Hallowell, B. (2018). Where Children With 

ADHD Direct Visual Attention During Emotion Knowledge Tasks: 

Relationships to Accuracy, Response Time, and ADHD 

Symptoms. J Atten Disord, 22(8), 752-763.  

Seymour, K. E., Pescosolido, M. F., Reidy, B. L., Galvan, T., Kim, K. L., 

Young, M., & Dickstein, D. P. (2013). Emotional face 

identification in youths with primary bipolar disorder or primary 

attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc 

Psychiatry, 52(5), 537-546. 

Sharp, C., Fonagy, P., & Goodyer, I. (2008). Social cognition and 

developmental psychopathology Social cognition and developmental 

psychopathology (pp. xvi, 480). New York, NY: Oxford University 

Press; US. 

Shaw, P., Ishii-Takahashi, A., Park, M. T., Devenyi, G. A., Zibman, C., 

Kasparek, S., . . . White, T. (2018). A multicohort, longitudinal 

study of cerebellar development in attention deficit hyperactivity 

disorder. J Child Psychol Psychiatry, 59(10), 1114-1123.  

Shaw, P., & Rabin, C. (2009). New insights into attention-

deficit/hyperactivity disorder using structural neuroimaging. Curr 

Psychiatry Rep, 11(5), 393-398.  

Shaw, P., Stringaris, A., Nigg, J., & Leibenluft, E. (2014). Emotion 

dysregulation in attention deficit hyperactivity disorder. Am J 

Psychiatry, 171(3), 276-293.  

Shephard, E., Tye, C., Ashwood, K., Azadi, B., H Johnson, M., Charman, 

T., . . . Bolton, F. (2019). Oscillatory neural networks underlying 

resting-state, attentional control and social cognition task conditions 

in children with ASD, ADHD and ASD+ADHD. Cortex, 117, 96-

110. 

Shic, F. (2016). Eye Tracking as a Behavioral Biomarker for Psychiatric 

Conditions: The Road Ahead. J Am Acad Child Adolesc Psychiatry, 

55(4), 267-268.  



328 
 

Shin, D. W., Lee, S. J., Kim, B. J., Park, Y., & Lim, S. W. (2008). Visual 

attention deficits contribute to impaired facial emotion recognition 

in boys with attention-deficit/hyperactivity disorder. Neuropediatrics, 

39(6), 323-327.  

Simonoff, E., Pickles, A., Charman, T., Chandler, S., Loucas, T., & Baird, 

G. (2008). Psychiatric disorders in children with autism spectrum 

disorders: prevalence, comorbidity, and associated factors in a 

population-derived sample. J Am Acad Child Adolesc Psychiatry, 47(8), 

921-929.  

Singh, S. D., Ellis, C. R., Winton, A. S., Singh, N. N., Leung, J. P., & 

Oswald, D. P. (1998). Recognition of facial expressions of emotion 

by children with attention-deficit hyperactivity disorder. Behav 

Modif, 22(2), 128-142.  

Sinzig, J., Morsch, D., & Lehmkuhl, G. (2008). Do hyperactivity, 

impulsivity and inattention have an impact on the ability of facial 

affect recognition in children with autism and ADHD? Eur Child 

Adolesc Psychiatry, 17(2), 63-72.  

Soliva, J. C., Carmona, S., Fauquet, J., Hoekzema, E., Bulbena, A., 

Hilferty, J., & Vilarroya, O. (2009). Neurobiological substrates of 

social cognition impairment in attention-deficit hyperactivity 

disorder: gathering insights from seven structural and functional 

magnetic resonance imaging studies. Ann N Y Acad Sci, 1167, 212-

220.  

Sommer, M., Dohnel, K., Meinhardt, J., & Hajak, G. (2008). Decoding of 

affective facial expressions in the context of emotional situations. 

Neuropsychologia, 46(11), 2615-2621.  

Sonuga-Barke, E. J. (2005). Causal models of attention-

deficit/hyperactivity disorder: from common simple deficits to 

multiple developmental pathways. Biol Psychiatry, 57(11), 1231-

1238.  

Sonuga-Barke, E. J., & Coghill, D. (2014). The foundations of next 

generation attention-deficit/hyperactivity disorder 



329 
 

neuropsychology: building on progress during the last 30 years. J 

Child Psychol Psychiatry, 55(12), 1-5.  

Sonuga-Barke, E. J. S., Barton, J., Daley, D., Hutchings, J., Maishman, 

T., Raftery, J., . . . Thompson, M. J. J. (2018). A comparison of the 

clinical effectiveness and cost of specialised individually delivered 

parent training for preschool attention-deficit/hyperactivity disorder 

and a generic, group-based programme: a multi-centre, randomised 

controlled trial of the New Forest Parenting Programme versus 

Incredible Years. Eur Child Adolesc Psychiatry, 27(6), 797-809.  

Spezio, M. L., Adolphs, R., Hurley, R. S., & Piven, J. (2007). Abnormal 

use of facial information in high-functioning autism. J Autism Dev 

Disord, 37(5), 929-939.  

Sripada, C., Kessler, D., Fang, Y., Welsh, R. C., Prem Kumar, K., & 

Angstadt, M. (2014). Disrupted network architecture of the resting 

brain in attention-deficit/hyperactivity disorder. Hum Brain Mapp, 

35(9), 4693-4705.  

Steinhausen, H. C. (2009). The heterogeneity of causes and courses of 

attention-deficit/hyperactivity disorder. Acta Psychiatr Scand, 120(5), 

392-399.  

Swanson, J. M., Kinsbourne, M., Nigg, J., Lanphear, B., Stefanatos, G. 

A., Volkow, N., . . . Wadhwa, P. D. (2007). Etiologic subtypes of 

attention-deficit/hyperactivity disorder: brain imaging, molecular 

genetic and environmental factors and the dopamine hypothesis. 

Neuropsychol Rev, 17(1), 39-59.  

Taurines, R., Schmitt, J., Renner, T., Conner, A. C., Warnke, A., & 

Romanos, M. (2010). Developmental comorbidity in attention-

deficit/hyperactivity disorder. Atten Defic Hyperact Disord, 2(4), 267-

289.  

Thapar, A. (2018). Discoveries on the Genetics of ADHD in the 21st 

Century: New Findings and Their Implications. American Journal of 

Psychiatry, 175(10), 943-950.  

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., 

Hare, T. A., . . . Nelson, C. (2009). The NimStim set of facial 



330 
 

expressions: judgments from untrained research participants. 

Psychiatry Res, 168(3), 242-249.  

Tsang, V. (2016). Eye-tracking study on facial emotion recognition tasks in 

individuals with high-functioning autism spectrum disorders. 

Autism, 22(2), 161-170.  

Tseng, P. H., Cameron, I. G., Pari, G., Reynolds, J. N., Munoz, D. P., & 

Itti, L. (2013). High-throughput classification of clinical populations 

from natural viewing eye movements. Journal of Neurology, 260(1), 

275-284.  

Tye, C., Battaglia, M., Bertoletti, E., Ashwood, K. L., Azadi, B., 

Asherson, P., . . . McLoughlin, G. (2014). Altered 

neurophysiological responses to emotional faces discriminate 

children with ASD, ADHD and ASD+ADHD. Biol Psychol, 103, 

125-134.  

Tye, C., Mercure, E., Ashwood, K. L., Azadi, B., Asherson, P., Johnson, 

M. H., . . . McLoughlin, G. (2013). Neurophysiological responses 

to faces and gaze direction differentiate children with ASD, ADHD 

and ASD+ADHD. Dev Cogn Neurosci, 5, 71-85.  

Uekermann, J., Kraemer, M., Abdel-Hamid, M., Schimmelmann, B. G., 

Hebebrand, J., Daum, I., . . . Kis, B. (2010). Social cognition in 

attention-deficit hyperactivity disorder (ADHD). Neuroscience & 

Biobehavioral Reviews, 34(5), 734-743.  

Uljarevic, M., & Hamilton, A. (2013). Recognition of Emotions in Autism: 

A Formal Meta-Analysis. Journal of Autism and Developmental 

Disorders, 43(7), 1517-1526.  

van der Geest, J. N., Kemner, C., Verbaten, M. N., & van Engeland, H. 

(2002). Gaze behavior of children with pervasive developmental 

disorder toward human faces: a fixation time study. J Child Psychol 

Psychiatry, 43(5), 669-678.  

van der Meer, J. M., Oerlemans, A. M., van Steijn, D. J., Lappenschaar, 

M. G., de Sonneville, L. M., Buitelaar, J. K., & Rommelse, N. N. 

(2012). Are autism spectrum disorder and attention-

deficit/hyperactivity disorder different manifestations of one 



331 
 

overarching disorder? Cognitive and symptom evidence from a 

clinical and population-based sample. Journal of the American 

Academy of Child & Adolescent Psychiatry, 51(11), 1160-1172.  

Wang, S., Jiang, M., Duchesne, Xavier M., Laugeson, Elizabeth A., 

Kennedy, Daniel P., Adolphs, R., & Zhao, Q. (2015). Atypical 

Visual Saliency in Autism Spectrum Disorder Quantified through 

Model-Based Eye Tracking. Neuron, 88(3), 604-616.  

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence (WASI): 

The Psychological Corporation. 

Wei, H.-T., Hsu, J.-W., Huang, K.-L., Bai, Y.-M., Su, T.-P., Li, C.-T., . . . 

Chen, M.-H. (2018). Timing of the Diagnoses of Attention Deficit 

Hyperactivity Disorder and Autism Spectrum Disorder in Taiwan. 

Journal of Autism and Developmental Disorders, (in press).  

Weiner, D. J., Wigdor, E. M., Ripke, S., Walters, R. K., Kosmicki, J. A., 

Grove, J., . . . Robinson, E. B. (2017). Polygenic transmission 

disequilibrium confirms that common and rare variation act 

additively to create risk for autism spectrum disorders. Nat Genet, 

49(7), 978-985.  

Weston, C. S. E. (2018). Amygdala Represents Diverse Forms of 

Intangible Knowledge, That Illuminate Social Processing and 

Major Clinical Disorders. Front Hum Neurosci, 12, 336.  

Widdel, H. (1984). Operational Problems in Analysing Eye Movements. In 

A. G. Gale & F. Johnson (Eds.), Advances in Psychology (Vol. 22, pp. 

21-29): North-Holland. 

Willcutt, E. G. (2012). The prevalence of DSM-IV attention-

deficit/hyperactivity disorder: a meta-analytic review. 

Neurotherapeutics, 9(3), 490-499.  

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pennington, 

B. F. (2005). Validity of the executive function theory of attention-

deficit/hyperactivity disorder: a meta-analytic review. Biol 

Psychiatry, 57(11), 1336-1346.  

Willcutt, E. G., Pennington, B. F., Olson, R. K., Chhabildas, N., & 

Hulslander, J. (2005). Neuropsychological analyses of comorbidity 



332 
 

between reading disability and attention deficit hyperactivity 

disorder: in search of the common deficit. Dev Neuropsychol, 27(1), 

35-78.  

Williams, L. M., Hermens, D. F., Palmer, D., Kohn, M., Clarke, S., 

Keage, H., . . . Gordon, E. (2008). Misinterpreting emotional 

expressions in attention-deficit/hyperactivity disorder: Evidence for 

a neural marker and stimulant effects. Biological Psychiatry, 63(10), 

917-926.  

Wing, L. (1996). The Autistic Spectrum, a guide for parents and professionals: 

Robinson, London. 

World Health Organisation (WHO). (1994). ICD-10 Classification of Mental 

and Behavioural Disorders.  

Yi, L., Fan, Y., Quinn, P. C., Feng, C., Huang, D., Li, J., . . . Lee, K. 

(2013). Abnormality in face scanning by children with autism 

spectrum disorder is limited to the eye region: Evidence from multi-

method analyses of eye tracking data. Journal of Vision, 13(10), 5-5.  

Yuill, N., & Lyon, J. (2007). Selective difficulty in recognising facial 

expressions of emotion in boys with ADHD. General performance 

impairments or specific problems in social cognition? Eur Child 

Adolesc Psychiatry, 16(6), 398-404.  

Zener, D. (2019). Helping autistic women thrive. Advances in Autism, 5(3), 

143-156.  

 

  



333 
 

APPENDICES 
 

I. CASE VIGNETTES 
 

Case examples are given for illustrative purposes so they have been gener-

alised to include scenarios from several children that may have presented 

in clinical practice with similar difficulties. The names are fictitious and 

circumstances such as age and family circumstances have been changed for 

anonymity.  

Case 1: ADHD 

Andy was referred to the community CAMHS when he was 13 years 

old. He was struggling academically and getting told off for poor concen-

tration and disruption in the class. He found it difficult to line up to go to 

lunch at school and would but into conversations at school and at home. 

Andy also found it difficult to take turns and follow the rules of sports 

games during physical education and would get easily frustrated if he lost 

the game.  Andy would get into arguments with peers in some situations 

and was starting to fall out with friends. It was reported that Andy would 

misinterpret social situations, found it difficult to express his emotions and 

found it difficult to say sorry after doing something wrong.  

After some family therapy in CAMHS Andy was referred to the consult-

ant for an assessment of ADHD due to ongoing concerns regarding impul-

sivity and poor concentration. During the ADHD assessment, Andy had 

reasonable eye contact and rapport but he was fidgeting towards the end of 
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the interview. He also corroborated struggling with concentration for as 

long as he could remember and his mother confirmed he had been a very 

active pre-schooler. School reports showed poor concentration in primary 

school and he would get into fights with his peers. Parent, self and teacher 

Conners’ rating scale were suggestive of ADHD combined type. 

There was no significant medical history and early developmental mile-

stones were reported as achieved at the expected time. There were no diffi-

culties with the pregnancy and Andy was born on time weighing 3.5kg. 

There was no family history of ADHD or other neurodevelopmental disor-

ders. Parents are divorced and Andy does not get on with his father. 

In terms of social history, Andy has a few close friends and liked to go 

to the park with them but struggled to go to the cinema with them as he 

could not stay to watch the film throughout. Andy did not have any partic-

ular hobbies. Andy tried cannabis which helped to calm him down but he 

does not take this regularly. He does not take other illicit drugs or drink al-

cohol. There is no forensic history.  

A diagnosis of ADHD was made and Andy was titrated onto a long act-

ing stimulant medication. Stimulant medication had a good effect when he 

remembered to take it and he went on to sit his GCSE exams and passed 

them. He is now doing an apprenticeship in construction and he is enjoy-

ing this. He continues to take stimulant medication regularly as he feels 

this helps him focus and stops him from feeling angry and getting into trou-

ble. 
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Case 2: ASD+ADHD 

Barry was referred at 15 years of age to the CAMHS for a second opinion 

for management of his ADHD medication. Barry was born preterm at 28 

weeks gestation weighing 1.5kg and required assisted ventilation for 1 

week on the special care baby unit. Barry was sent home from the special 

care baby unit after 4 weeks with no further medical problems. Barry 

achieved all of his motor milestones on time but there were some concerns 

regarding social interaction, imaginative play and making friends. He also 

found it very difficult to concentrate and sit still in the mainstream class-

room environment. 

Barry was diagnosed with ASD when he was in primary school and 

with ADHD when he entered secondary school. He was given an educa-

tional healthcare plan to support his needs and was put on long acting 

stimulant medication to help with ADHD symptoms. Unfortunately, alt-

hough the long acting stimulants helped with concentration this was coun-

teracted by very poor sleep. Barry was therefore put on short acting stimu-

lant medication twice a day for ADHD and long acting melatonin at night 

to help with sleep. Barry did well on this medication regime and sat his 

GCSESs and passed them all. He continues to need lots of prompting from 

his parents to get organised, has poor eye contact, difficulties with recipro-

cal social interaction and limited friendships. He enjoys computer games, 

spending much of his time doing this and he also has a keen interest in ani-

mals. His parents initially struggled to come to terms with the diagnosis 
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and with some of the limitations of treatment for symptoms but now feel 

more empowered to help Barry. 

 

Case 3: ASD+ADHD or severe ADHD? 

Callum was referred to CAMHS by the GP at the age of 13 years as his 

grandfather was struggling to manage his behaviour. Callum had been liv-

ing with his grandfather for 2 years and his parents do not have regular 

contact with him.  

Callum presented as a boy with intermittent eye contact and rapport, oc-

casional fidgeting during the interview and mild restlessness. Callum’s self-

report included poor concentration and difficulty completing work in class. 

He reported getting into trouble at school for ‘messing around’. School re-

ported Callum had difficulties with listening, talking back to teachers and 

not achieving his potential. Callum had been put in ‘isolation’ as punish-

ment at school several times which he disliked. Callum said he wanted to 

make friends but was not sure how. He would often dominate conversa-

tions with peers and talk at length about his preferred topics of conversa-

tion, potentially suggestive of difficulties with to and fro conversation and 

reciprocal social interaction.  It was reported that despite Callum’s efforts 

he did not have any close friendships.  

According to Callum’s grandfather, Callum was like him and he did 

not think there was a family history of any neurodevelopmental disorders 

in the family. As far as Callum’s grandfather was aware, there had been no 
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problems with Callum’s birth or early milestones. Callum’s grandfather re-

ported that Callum’s mother’s care can be erratic but he was unsure about 

post-natal depression or illicit drugs during the pregnancy. It was difficult 

for Callum’s grandfather to complete the ASD screening questionnaires 

and obtain an accurate early developmental history. Callum also had a 

QBtest for ADHD and an ADOS for ASD, both of which were positive for 

ADHD and ASD respectively. Conners’ parent, self and teacher question-

naires were also suggestive of ADHD combined type. A sensory assess-

ment was completed which indicated difficulties with sensory processing 

including increased sensitivity to noise and touch.  

Due to Callum’s clinical presentation being strongly suggestive of 

ADHD, a diagnosis of ADHD was given in the first instance and long act-

ing stimulant medication was initiated. Unfortunately, Callum proved to 

be very sensitive to ADHD longer acting stimulant medication but did rea-

sonably well on short acting Methylphenidate. Callum did not receive rec-

ommended extra support at school for ADHD despite an Education 

Health Care Plan. As he continued to struggle in interactions with peers, 

an ADOS was repeated while on stimulant medication and this was just 

above threshold for a diagnosis of ASD. In particular, Callum had reduced 

observed gestures, reduced reciprocal social communication, less com-

ments on others’ emotions, reduced quality of social overtures and social 

responses on the ADOS.  A diagnosis of ASD was given in addition to 

ADHD and a revised support plan for Callum attending to sensory sensi-

tivities and a structured environment was advised. Callum’s grandfather 

was given support to help him put boundaries in place at home. 
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Case 4: ASD 

Daniel was referred to CAMHS by the GP at the age of 12 for an assess-

ment of ASD. He was struggling with his new secondary school and the 

school had suggested that it would be helpful for Daniel to be referred as he 

was struggling in the new school environment. Daniel has gone to a small 

primary school and his mum reported that she had always suspected that 

Daniel had ASD but because the educational environment and home envi-

ronment could support his need for a structured quiet environment, they 

did not need to seek a diagnosis until now. 

Daniel had an older brother at university and there was a family history 

of ASD in the extended family. Daniel was born by normal delivery weigh-

ing 3.8kg. When he was born the umbilical cord was wrapped around his 

neck although he cried shortly after some stimulation. He did not need to 

spend time on the special care baby unit and there are no known medical 

problems. Mum reports that that major milestones were on time but Daniel 

was shy and quiet, finding it difficult to make friends. 

Mum reports Daniel has some sensory sensitivities and had an intense 

interest in dinosaurs when he was younger. Mum reported that he did not 

imitate or take part in imaginative play with others his age when he was 

younger. Daniel is currently interested in information technology and pro-

gramming although he reports that he finds it hard to learn at the college as 

it is loud. He also finds it hard to ask for help and feels that he is behind in 

his course. He doesn’t find it difficult to concentrate on the work. Although 

he was bullied briefly at primary school, Daniel says that this is not the 



339 
 

case in secondary school although he reports that he has not made any 

friends. There is no forensic history or use of illicit drugs or substances. 

In clinic, he had poor eye contact and his speech was quiet and he spoke 

in the same tone throughout. He did not have any abnormal movements 

during the interview. There were limited non-verbal gestures and display of 

facial emotion. An ADOS and ADI-R were completed which showed that 

Daniel was above the threshold for ASD. Daniel was diagnosed with ASD 

and the parents were offered techniques to help with sensory sensitivities. 

The diagnosis and sensory interventions suggested were shared with the 

school by the family. Daniel obtained an educational health care plan and 

was given a mentor, extra support and extra time in course work and ex-

ams. He was also given a quiet place to eat his lunch and do his work 

when out of structured lessons. Daniel progressed in mainstream school 

and passed all his exams and was very good at computer programming. 

His parents were pleased with his progress although he continued to find it 

difficult to articulate his emotions in clinic without support from his par-

ents. 
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II. TRANSCRIPTS FROM OBSERVATIONAL CODING  
 

Table A.1: Showing example notes for 4 participants and designation into groups during observation and coding (Chapter 2) 

Proposed 
Group 

First Stage (control versus clinical status) Second Stage (specific clinical group status) 

Control Clinical ADHD ASD+ADHD ASD 
Notes on 
participant 
video fixa-
tion pat-
terns  over 
60 face trials 
(Blind to ac-
tual group) 

Tends to triangulate (fixation circles 
moving from left eye area to mouth to 
right eye area: does not go back to 
left eye so more v shaped rather than 
upside down triangle) 
No scattered fixation pattern (fixation 
spots  are not fast or dispersed on 
video) 
Does not tend to have scatter unless 
very easy emotion e.g. happy.  
Does not tend to be focused on other 
features (non- eyes/mouth/ midline 
features unless there is an obvious 
feature e.g. ears that stick out. Did fo-
cus on nasal bridge/ bottom of fore-
head a lot in face 22 – disgust as this 
contained salient information for this 
emotion. 
 

This eye tracking pattern is very different to 
the previous participant.  
Very fast appearance of fixation circles and 
fixation circles are very sparse covering a 
larger volume and was difficult to keep up 
with. Did go to left eye and mouth but only a 
few fixation circles here and seemed to go off 
face and back again a lot more. Also spent 
some time (though quite brief) on distractors 
such as beard and hairline. 
Does not tend to cover upper portion of the 
face. By face 16 seems to be able to focus on 
some areas more with slightly less scattered 
pattern. 
Due to very fast fixation pattern I would say 
this child has and severe ADHD. Tends to fo-
cus on irrelevant things like nose and cheek 
when in frame this would suggest possibly 
also ASD. Much less looking at eyes. 

Fixation circles all 
over the place- ? Dis-
tracted a lot, scatter 
present. 
Goes ‘off screen’ 
early.  Looked at a 
core feature.  
Towards the end 
started looking at 
cheek/mouth e.g. for 
happy. Only did this 
in the last block. 

Severe ADHD 
due to ‘scatter’ 
with some ASD 
features e.g. 
looking at irrele-
vant areas - 
cheeks and nose 
proportionally 
more.  
No ‘triangulation’ 
and does not look 
at eyes much so 
have chosen 
comorbid group. 

Mainly looked at 
lower half of 
face and focused 
on non-salient 
features: nose, 
chin.  
Not much scat-
ter- fixation cir-
cles close to-
gether).  
No ‘triangula-
tions’ or ‘V 
shape’, occa-
sional linear pat-
terns of fixation 
between core 
features. 
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III. ADOS EMOTION RECOGNITION SUB-

SCORE  
 

The ADOS emotion recognition score refers to the subscore B4 and B5 

in ADOS modules 3 and 4 respectively. This subscore is termed comments 

on others’ emotions/empathy. The scoring details and wording of this item 

are taken directly out of the ADOS-2 module 3 and 4 booklet and can also 

be found in the ADOS-2 manual (2014).  

 “The focus of this item is on the participants’ communication of his or her 

recognition, understanding, and/or response to the feelings of other people or charac-

ters, real or conveyed in stories or other tasks.  

“0=Spontaneously communicates clear understanding or labelling of and/or appro-

priate response to several different emotions in other people/characters. Labelling 

several emotions in others is sufficient but not necessary if there are other clear indi-

cations of understanding and/or appropriate response. 

“1=Communicates some understanding, labelling, or response to an emotion in oth-

ers (e.g. spontaneously and correctly identifies at least one emotion in another per-

son/character). 

“2=No or minimal identification/communication of understanding of emotion in 

others.” 
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IV. ADOS CARTOON SERIES’ 
 

 

 

Figure A1: ADOS Cat cartoon series A 

Cards are numbered 1) through 6) with card 1) being the first in the series and card 6) the 

final card of the series. Card 1) depicts a man fishing who is unaware of the cat behind 

him who wants to steal the fish. Card 2) the man puts the fish in the bucket. Card 3) the 

cat steals the fish. Card 4) the cat then places the fish in another bucket. Card 5) the other 

bucket turns to be the beak of a pelican. Card 6) the pelican flies off with the fish and the 
cat is angry. Only card 1) was used in the eye tracking procedure described in Chapter 4. 
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Figure A2: ADOS Monkeys cartoon series B 

Cards are numbered 1) through 6) with card 1) being the first in the series and card 6) the 

final card of the series. Card 1) the first monkey in the tree is collecting coconuts. Card 2) 

the second monkey is at the bottom of the tree and sees a coconut fall. Card 3) the second 

monkey picks up the coconut and takes it away. Card 4) the first monkey wonders where 

his coconut has gone. Card 5) the first monkey then realises his coconut has been taken 

and starts throwing the other coconuts on the ground. Card 6) the first monkey hits the 

second monkey on the head with one of the coconuts. Only card 6) was used in the eye 

tracking procedure described in Chapter 4. 
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V. SUPPLEMENTARY DATA FROM HIERAR-

CHICAL REGRESSION FOR CHAPTERS 3–5  
 

Chapter 3 

Hierarchical linear regression model tables described in results sec-

tion 3.4.3.3 were presented in this part of the appendix. For each model the 

p-value was denoted as significant if p<0.05. If the p-value for a model was 

between 0.05–0.10, this value was shown in the table to allow for trends in 

the data to be presented. Significant R2 change within each model was de-

noted as p<0.05. 

Table A.2: Hierarchical linear regression models for emotional accuracy   

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.15 0.15* 6.71 <0.05 

2  
(ADHD factor, ASD 
factor) 0.17 0.02 3.87 

     
 
<0.05 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.28 0.11* 4.88 

     
 
<0.01 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.30 0.02 3.83 

     
 
 
 
<0.05 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05) 

 

 

 

 

 

 

 

 

 



345 
 

Table A.3: Hierarchical linear regression models for DT to mouth   

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.10 0.10 4.08 =0.05 

2  
(ASD factor, ADHD 
factor) 0.10 0.00 2.02 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.13 0.03 1.71 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.13 0.00 1.28 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

Table A.4: Hierarchical linear regression models for DT left eye   

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.00 0.00 0.01 n/s 

2  
(ASD factor, ADHD 
factor) 0.01 0.01 0.14 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.05 0.04 0.61 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.08 0.03 0.72 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Table A.5: Hierarchical linear regression models for DT right eye   

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.03 0.03 0.01 n/s 

2  
(ASD factor, ADHD 
factor) 0.08 0.06 0.14 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.30 0.22** 0.61 

     
 
<0.01 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.31 0.01 0.72 

     
 
 
 
<0.05 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); **(significant R2 change; 

p<0.01); n/s (non-significant)  

 

 

Table A.6: Hierarchical linear regression models for DT to other facial features   

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.22 0.22** 10.35 <0.01 

2  
(ADHD factor, ASD 
factor) 0.26 0.04 6.19 

     
 
<0.01 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.30 0.03 4.73 

     
 
<0.01 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.34 0.04 4.15 

     
 
 
 
<0.01 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); ** (significant R2 change; 

p<0.01); n/s (non-significant)  

 

 

 

 

 

 

 

 



347 
 

Table A.7: Hierarchical linear regression models for Mean Fixation Duration 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.08 0.08 10.35 =0.08 

2  
(ADHD factor, ASD 
factor) 0.12 0.03 6.19 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.12 0.00 4.73 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.18 0.06 4.15 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); n/s (non-significant) 

 

Table A.8: Hierarchical linear regression models for Total Fixation Number  

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.06 0.06 2.33 n/s 

2  
(ADHD factor, ASD 
factor) 0.08 0.03 1.65 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.09 0.00 1.11 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.13 0.05 1.29 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); n/s (non-significant) 
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Table A.9: Hierarchical linear regression models for Mean Length between 

Fixations  

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.09 0.09 3.68 =0.06 

2  
(ADHD factor, ASD 
factor) 0.12 0.03 2.38 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.13 0.01 1.70 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.13 0.00 1.24 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); n/s (non-significant) 

 

Table A.10: Hierarchical linear regression models for Fixation Scanpath 

Length 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.12 0.12* 5.05 <0.05 

2  
(ADHD factor, ASD 
factor) 0.16 0.04 3.38 

     
 
<0.05 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.16 0.00 2.27 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.18 0.02 1.85 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Chapter 4  

Hierarchical linear regression model tables described in results Sec-

tion 4.2.4 were presented in this part of the appendix. For each model the 

p-value was denoted as significant if p<0.05. If the p-value for a model was 

between 0.05–0.10, this value was shown in the table to allow for trends in 

the data to be presented. Significant R2 change within each model was de-

noted as p<0.05.  

Table A.11: Hierarchical linear regression models for ADOS emotion recogni-

tion score† 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.06 0.06 3.70 =0.06 

2  
(ASD factor, ADHD 
factor) 0.06 0.00 1.90 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.06 0.00 1.22 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.07 0.00 0.93 

     
 
 
 
n/s 

     
†ADOS score only available for clinical cases. FSIQ (Full Scale Intelligence Quotient); 

OD (Oppositional); *(significant R2 change; p<0.05); n/s (non-significant)  

 

 

 

 

 

 

 

 

 

 

 



350 
 

Table A.12: Hierarchical linear regression models for DT to ADOS pictures 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.06 0.06* 4.70 <0.05 

2  
(ASD factor, ADHD 
factor) 0.06 0.00 2.33 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.06 0.00 1.59 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.06 0.00 1.18 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

Table A.13 Hierarchical linear regression models for FC to faces in ADOS pic-

tures 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.04 0.04 3.52 =0.06 

2  
(ASD factor, ADHD 
factor) 0.05 0.00 1.90 

     
 
n/s 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.05 0.00 1.30 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.05 0.00 0.96 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Table A.14: Hierarchical linear regression models for FFT to faces in ADOS 

pictures 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.08 0.08* 6.32 <0.05 

2  
(ASD factor, ADHD 
factor) 0.08 0.00 3.31 

     
 
<0.05 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.09 0.02 2.64 

     
 
=0.06 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.10 0.00 2.07 

     
 
 
 
=0.09 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

Table A.15: Hierarchical linear regression models for DT to faces in Monkeys 

Cartoon (negative valence) 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.02 0.02 1.62 n/s 

2  
(ADHD factor, ASD 
factor) 0.03 0.01 1.32 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.05 0.01 1.24 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.10 0.05* 2.01 

     
 
 
 
=0.09 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Table A.16: Hierarchical linear regression models for FCs to faces in cartoons 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.01 0.01 1.10 n/s 

2  
(ADHD factor, ASD 
factor) 0.02 0.01 0.79 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.03 0.01 0.76 

     
 
n/s 

34 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.07 0.04 1.38 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

Table A.17: Hierarchical linear regression models for FCs to faces in negative 

emotional valence (Monkeys) cartoon 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.03 0.03 2.85 n/s 

2  
(ADHD factor, ASD 
factor) 0.05 0.02 2.03 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.06 0.01 1.67 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.11 0.05* 2.31 

     
 
 
 
=0.07 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Table A.18: Hierarchical linear regression models for FFT to perpetrator Mon-

key face in negative emotional valence (Monkeys) Cartoon 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.06 0.06* 4.92 <0.05 

2  
(ASD factor, ADHD 
factor) 0.07 0.01 2.74 

     
 
=0.07 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.07 0.00 1.82 

     
 
n/s 

4 
(ASD factor, ADHD 
factor, FSIQ, Con-
ners’ OD T score) 0.08 0.02 1.69 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

Table A.19: Hierarchical linear regression models for RCs between faces in 

cartoons 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.02 0.02 1.40 n/s 

2  
(ADHD factor, ASD 
factor) 0.02 0.00 0.78 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.04 0.02 1.00 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.07 0.04 1.48 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  

 

 

 

 

 

 



354 
 

Table A.20: Hierarchical linear regression models for RCs between faces in 

negative emotional valence (Monkeys) cartoon 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.04 0.04 3.00 =0.09 

2  
(ADHD factor, ASD 
factor) 0.06 0.02 2.50 

     
 
=0.09 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.08 0.02 2.00 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.13 0.06* 2.90 

     
 
 
 
<0.05 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Chapter 5 

Hierarchical linear regression model tables described in results Section 

5.3.3 were presented in this part of the appendix. For each model the p-

value was denoted as significant if p<0.05. If the p-value for a model was 

between 0.05–0.10, this value was shown in the table to allow for trends in 

the data to be presented. Significant R2 change within each model was de-

noted as p<0.05. 

Table A.21: Hierarchical linear regression models for DT to right eye in neu-

tral faces 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.04 0.04 3.72 =0.06 

2  
(ADHD factor, ASD 
factor) 0.05 0.00 1.99 

     
 
n/s 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.05 0.00 1.32 

     
 
n/s 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.05 0.00 1.07 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); *(significant R2 change; 

p<0.05); n/s (non-significant)  
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Table A.22: Hierarchical linear regression models for FCs to right eye in neu-

tral faces 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ADHD factor)  0.09 0.09** 7.54 <0.01 

2  
(ADHD factor, ASD 
factor) 0.09 0.01 4.05 

     
 
<0.05 

3 
(ADHD factor, ASD 
factor, FSIQ) 0.09 0.00 2.67 

     
 
=0.05 

4 
(ADHD factor, ASD 
factor, FSIQ, Con-
ners’ OD T score) 0.09 0.00 1.98 

     
 
 
 
n/s 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); ** (significant R2 change; 

p<0.01); n/s (non-significant)  

 

 

Table A.23: Hierarchical linear regression models for LI to neutral faces 

Model (predictors) 
 
R2 R2 change F 

p-
value 

1  
(ASD factor)  0.10 0.10** 8.36 <0.01 

2  
(ASD factor, ADHD 
factor) 0.10 0.00 4.34 

     
 
<0.05 

3 
(ASD factor, ADHD 
factor, FSIQ) 0.10 0.00 2.89 

     
 
<0.05 

4 
(ASD factor, ADHD 
factor, FSIQ Con-
ners’ OD T score) 0.12 0.02 2.55 

     
 
 
 
<0.05 

     

FSIQ (Full Scale Intelligence Quotient); OD (Oppositional); ** (significant R2 change; 

p<0.01); n/s (non-significant)  
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VI. RAW DATA FROM CHAPTERS 3-5 
 

Chapter 3 – Emotional faces 

 Raw behavioural and eye tracking data in the groups from the sam-

ple described in Chapter 3 are presented in Table A.24.  

Table A.24: Raw data in the groups from Chapter 3 – Emotional faces 

 
 
Mean 

Group 

ADHD 
 (n=8) 

ASD  
(n=10) 

ASD+ADHD 
(n=9) 

Controls 
(n=16)* 

Emotion 
recogni-
tion  
(SD; range) 

 
 
0.71(0.14;  
0.43-0.85) 

 
 
0.76(0.08;  
0.60-0.88) 

 
 
0.67(0.13;  
0.52-0.82) 

 
 
0.77(0.08;  
0.53-0.90) 

DT right 
eye  
(SD; range) 

 
375.78(381.83; 
17.31-1056.88) 

 
469.94(262.36; 
131.41-863.59) 

 
458.67(344.58; 
101.68-1161.20) 

 
664.97(452.45; 
(19.19-1595.25) 

DT left 
eye  
(SD; range) 

746.05(627.65; 
22.87-1816.14) 

655.83(277.17; 
229.41-1149.13) 

603.57(446.25; 
179.56-1575.27) 

540.47(516.73; 
22.37-1999.10) 

DT mouth 
(SD; range) 

1189.20(603.27; 
548.00-2450.40) 

867.38(300.60; 
400.55-1362.40) 

905.19(376.68; 
250.48-1650.07) 

1158.69(472.24; 
253.66-2121.42) 

DT other 
facial 
features 
(SD; range) 

 
 
852.46(162.65; 
629.43-1065.93) 

 
 
1298.31(287.22; 
741.41-1749.96) 

 
 
1017.22(238.52; 
573.24-1359.20) 

 
 
1159.28(368.78; 
531.47-1742.85) 

TFN 
(SD; range) 

7.68(1.41;  
5.95-9.85) 

6.68(1.51;  
3.64-8.62) 

7.61(0.54;  
6.92-8.53 

6.80(1.79;  
3.61-9.61) 

TFD 
(SD; range) 

4141.55(245.16; 
3663.09- 
4381.71) 

4111.24(223.00; 
3708.28- 
4449.66) 

4048.67(197.57; 
3716.75- 
4256.60 

4146.12(339.41; 
3294.78-
4450.59) 

MFD 
(SD; range) 

619.09(142.07; 
424.29-839.49) 

786.29(263.94; 
513.90-1431.50) 

609.97(51.85; 
519.76-685.20) 

772.68(322.24; 
427.47-1446.66) 

FSPL 
(SD; range) 

175.97(48.57; 
129.69-275.63) 

130.35(37.62; 
65.46-188.69) 

172.70(21.63; 
136.06-200.02) 

148.45(46.09; 
65.46-219.97) 

MLBF 
(SD; range) 

22.36(2.94; 
19.75-28.21) 

18.80(4.08; 
10.15-24.04) 

22.49(3.00; 
17.55-27.27) 

21.31(4.14; 
10.15-27.38) 

SDLBF 
(SD; range) 

17.57(3.30;  
12.22-21.44) 

16.89(4.64; 
10.25-24.27) 

19.37(3.87;  
13.39-26.53) 

18.56(5.49; 
10.25-30.28) 

Trials ex-
cluded**  
(SD; range) 

 
5.75 (6.16;  
0.00-18.00) 

 
5.20(5.16;  
0.00-17.00) 

 
9.22(8.41;  
 0.00-30.00) 

 
2.43(2.79; 
0.00-9.00) 

DT (Dwell Time); TFN (Total Fixation Number); TFD (Fixation Duration); MFD (Mean 

Fixation Duration); FSPL (Fixation Scanpath Length); MLBF (Mean Length Between 

Fixations); SDLBF (Standard Deviation Length Between Fixations). *2 control children 

were not included in the eye tracking analysis due to inadequate data acquisition (as de-

scribed in Section 3.3). 1 child in the ADHD group could not complete the calibration so 

could not complete the task (as described in Section 2.2.4). **Mean number of face trials 

excluded in the eye tracking data per group (total number of face trials = 60).  
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Chapter 4 – ADOS images 

 Raw eye tracking data in the groups from Chapter 4 are presented 

in Table A.25. 

Table A.25: Raw eye tracking data in the groups from Chapter 4 - ADOS im-

ages 

 
 
Mean 

Group 

ADHD 
 (n=16) 

ASD  
(n=18) 

ASD+ADHD 
(n=28) 

Controls 
(n=22) 

DT  to faces in 
ADOS pictures  
(SD; range) 

2614.63 
(1159.19;  
565.33- 
4207.33) 

1983.69 
(1154.96;  
568.00- 
4486.00) 

2425.38 
(1582.36;  
683.33-
6926.00) 

3225.91 
(1331.61; 
1094.00-
5944.67) 

FC to faces in 
ADOS pictures 
(SD; range) 

8.42 
(4.54;  
1.67-16.67) 

7.08  
(4.72;  
1.00-18.67) 

8.17  
(4.88;  
2.00-22.67) 

11.02  
(4.48;  
3.67-21.67) 

FFT to faces in 
ADOS pictures 
(SD; range) 

3105.42   
(3583.92; 
38.67- 
13871.33) 

5415.84 
(3615.02; 
918.00-
10568.67) 

3900.94 
(3097.32;  
38.67- 
11026.12) 

2264.27 
(1227.13; 
807.33- 
5193.33) 

DT  to faces in 
ADOS cartoons  
(SD; range)  

3894.44 
(2240.10;  
411.00-
9230.00) 

3502.94 
(1898.39;  
257.00- 
6391.00) 

4138.46 
(1916.40;  
153.00- 
7378.00) 

4611.95 
(1460.76; 
1314.00-
6646.00) 

FC to faces in 
ADOS cartoons 
(SD; range) 

7.68 
(1.41;  
5.95-9.85) 

6.68 
(1.51;  
3.64-8.62) 

7.61 
(0.54;  
6.92-8.53 

6.80 
(1.79;  
3.61-9.61) 

FFT to faces in 
ADOS cartoons  
(SD; range) 

2171.69 
(3070.87;  
2.00-
11849.00) 

1666.72 
(1466.17;  
429.00- 
6334.00) 

1357.04 
(1841.59;  
2.00- 
10366.00) 

840.18 
(250.78;  
354.00- 
1303.00) 

RC to faces in 
ADOS cartoons 
(SD; range) 

7.00 
(3.22;  
1.00-13.50) 

7.47 
(3.70;  
1.00-13.50) 

8.07 
(2.86; 
1.00-12.50) 

9.39  
(2.42; 
3.00-13.50) 

Trials ex-
cluded*  
(SD; range) 

0.oo  
(0.00;  
0.00-0.00) 

0.06 
(0.24;  
0.00-1.00) 

0.04 
(0.19;  
 0.00-1.00) 

0.oo 
(0.00;  
0.00-0.00) 

DT (Dwell Time); FC (Fixation Count); FFT (First Fixation Time); RC (Run Count). 

*Mean number of trials excluded in the eye tracking data per group (total number of trials 

= 5). 2 control children and 1 child in the ASD+ADHD group were excluded due to inad-

equate data acquisition (as described in Section 4.1.4). 

 

 

 

 

 

 



359 
 

Chapter 5 - Neutral faces 

 Raw eye tracking data in the groups from the neutral faces in Chap-

ter 5 are presented in Table A.26. 

Table A.26: Raw eye tracking data in the groups from Chapter 5 – neutral faces 

 
 
Mean 

Group 

ADHD 
 (n=16) 

ASD  
(n=18) 

ASD+ADHD 
(n=28) 

Controls 
(n=22) 

DT right eye  
(SD; range) 

547.27 
 (542.68;  
00.00-
1802.67) 

822.44 
(764.24; 
 0.00-
2259.33) 

748.52  
(652.93;  
0.00- 
2409.33) 

1144.79 
(793.67; 
61.33- 
2826.00) 

DT left eye  
(SD; range) 

787.85 
(730.32; 
0.00-
2187.33) 

483.06 
(582.50;  
0.00- 
1772.00) 

791.94 
(753.10;  
0.00- 
3092.67) 

671.03 
(463.80;  
0.00- 
1469.33) 

DT mouth 
(SD; range) 

514.54 
(410.01;  
0.00-
1362.00) 

512.33 
(777.29;  
0.00- 
3442.67) 

425.98 
(518.30;  
0.00- 
2536.57) 

530.24 
(379.25; 
0.00- 
1365.33) 

DT other facial 
features 
(SD; range) 

1163.69 
(399.69;  
539.00-
1821.33) 

1290.94 
(533.04;  
304.67-
2642.00) 

1304.15 
(606.28; 
393.00- 
2458.67) 

1189.28 
(596.85; 
196.67- 
2336.67) 

FC right eye  
(SD; range) 

1.31 
(1.09;  
0.00-3.33) 

2.19 
(1.97;  
0.00-7.33) 

1.68 
(1.21;  
0.00-5.33 

2.92 
(1.98;  
0.33-9.67) 

FC left eye (SD; 

range) 

1.84 
(1.62;  
0.00-5.00) 

1.61 
(1.96;  
0.00-6.00) 

1.87 
(1.37;  
0.00-5.67) 

1.73 
(1.00;  
0.00-4.00) 

FC mouth 
(SD; range) 

1.57 
(1.29;  
0.00-4.00) 

1.33 
(1.40;  
0.00-6.33) 

1.28 
(1.46;  
0.00-7.00) 

1.48 
(1.00;  
0.00-3.67) 

FC other facial 
features 
 (SD; range) 

4.01 
(1.52;  
2.00-7.33) 

3.78 
(1.75; 
1.67-9.33) 

3.60 
(1.48;  
1.00-7.00) 

3.59 
(1.95;  
0.67-9.33) 

LI 
(SD; range) 

-0.15 
(0.29; 
-1.00-0.18) 

0.00 
(0.39; 
-1.00-1.00) 

0.03 
(0.25; 
-0.78-0.50) 

-0.21 
(0.28;  
-1.00-0.20) 

Trials excluded*  
(SD; range) 

0.13  
(0.34;  
0.00-1.00) 

0.06 
(0.24;  
0.00-1.00) 

0.24 
(0.52;  
 0.00-2.00) 

0.oo 
(0.00;  
0.00-0.00) 

DT (Dwell Time); FC (Fixation Count); LI (Laterality Index). *Mean number of face tri-

als excluded in the eye tracking data per group (total number of face trials = 3). 2 control 

children and 1 child in the ASD+ADHD group were excluded due to inadequate data ac-

quisition (as described in Section 4.1.4). 


