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ABSTRACT 
 

Emotion dysregulation (ED) is a prominent feature of adult attention-

deficit/hyperactivity disorder (ADHD) and yet, its etiology remains unclear. Integrative 

theories of ADHD posit that neural pathways underpinning neurocognitive deficits may 

interact with those underlying ED. Hence, it was recently proposed that cognitive deficits 

may explain the relationship between ADHD and ED. Indeed, ADHD adults are consistently 

impaired in a suite of neurocognitive domains including working memory, sustained 

attention, inhibitory control and time perception. However, research clarifying the 

neurocognitive correlates of the ED-ADHD association in adults is scant. The principal goal 

of this thesis was to investigate whether cognitive deficits explain the difficulties ADHD 

adults display in regulating emotions. Since ADHD symptoms are heterogeneous and not all 

affected adults report ED, both a dimensional and a categorical approach were adopted in 

exploring the proposed relationship between these symptom domains. 

The dimensional approach involved examining undergraduate students with varying 

levels of ADHD traits. Knowledge regarding ADHD-related symptoms in undergraduate 

students is limited. It is possible that some may have had elevated ADHD traits, masked by 

intact or superior cognitive and adaptive skills throughout development. Therefore, the first 

aim and section of this thesis was to contribute to the ADHD literature by examining the 

frequency of ADHD symptoms amongst undergraduates. Study 1 comprised 1,003 Australian 

undergraduate students who completed a self-report measure of ADHD traits. As ADHD 

symptoms can interfere with psychological well-being and amplify symptoms of co-occurring 

conditions such as Autism Spectrum Disorder, participants were also administered measures 

assessing symptoms of psychological distress, depression, anxiety and autistic traits. Results 

revealed that 17.3% of undergraduates endorsed “at-risk” levels of ADHD-related traits. As 

expected, ADHD traits explained significant variance in depression, anxiety, distress and 
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autistic-like traits. These findings underlined the importance of identifying students with high 

ADHD symptomology who may benefit from appropriate interventions to prevent secondary 

psychological issues.               

Once the presence of ADHD symptomology amongst undergraduates was ascertained, 

the second aim was to examine whether the interaction of ADHD symptoms with working 

memory, inhibitory control, attention and time perception influence ED. A sub-sample of 

undergraduates with varying traits of ADHD from Study 1 were assessed in Study 2 on tasks 

of visuospatial and verbal working memory (Spatial Span, Digit Span and Letter-Number 

Sequencing), attention and inhibition (Continuous Performance Test, Third Edition) and time 

perception (computerized time reproduction task assessing short and long duration 

judgements). ED was measured using a multidimensional self-report measure - the 

Difficulties with Emotion Regulation scale. As hypothesised, moderation analyses revealed 

verbal working memory and timing errors influenced the association between ADHD 

symptomology and ED. Hence, difficulties manipulating and integrating information as well 

as maintaining stable representations of time may underlie difficulties processing and 

regulating emotions. Results were interpreted with reference to Baddeley’s working memory 

model (Baddeley, 2002) and the attention-gate theory of internal timing.  

Following this, Study 3 was designed to determine whether the patterns of results 

observed in Study 2 could be replicated in a clinical sample of ADHD adults. Compared to 

controls, ADHD adults had significantly poorer nonverbal working memory, inhibitory 

control, attention and timing accuracy. Importantly, regression analyses showed that once age 

and comorbid psychiatric issues were accounted for, poor timing of short durations was the 

largest contributor to ED followed by disinhibition and inattentiveness. These findings 

indicated that in ADHD (a) time deficits and poor inhibition promote impulsivity in 

emotionally evocative situations and, (b) impaired attentional processes may cause anomalies 
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in the identification and processing of emotional stimuli. Results are discussed within the 

framework of a multiple pathway theory of ADHD.  

In summary, two important findings emerged from this research program. Firstly, 

ADHD symptomology was shown to manifest in Australian undergraduate samples and affect 

psychological functioning. Secondly, neurocognitive deficits particularly in working memory, 

inhibition and time perception were identified as important risk factors for ED, both in young 

adults with ADHD symptoms and in formally diagnosed ADHD adults. Collectively, findings 

presented in this thesis have important implications. Notably, they emphasize the 

pervasiveness of ADHD in adults, showing that even highly functioning individuals (e.g., 

university students) experience symptoms of ADHD and associated psychological problems. 

Current results also clarify the nature of ED by specifying a set of cognitive features involved 

in the etiology of ED in adult ADHD. 

 
  



v 
 

Table of Contents 
THESIS DECLARATION ……………...……………..……………………………………………….i 

ABSTRACT ………………………...……………………………………………………...……........ii 

ACKNOWLEDGEMENTS ……………………………………………………………...…........…...vii 

Preamble ................................................................................................................................................. xi 
CHAPTER ONE: GENERAL INTRODUCTION ................................................................................. 1 

1.1. Background .................................................................................................................................. 2 
1.2. The Roles of Executive Control Function and Time Perception in the Emergence of Emotion 
Dysregulation in Adult ADHD ......................................................................................................... 15 
1.3. Defining Emotion Dysregulation ............................................................................................... 18 
1.4. Conceptualising ED in ADHD ................................................................................................... 20 
1.5. Theoretical Frameworks for the ADHD-ED Association. ......................................................... 22 
1.6. Timing and Time Perception ...................................................................................................... 38 
1.7. Summary and Research Questions ............................................................................................. 45 
1.8. References .................................................................................................................................. 47 

CHAPTER TWO: EXAMINING THE RATE OF SELF-REPORTED ADHD-RELATED TRATS 
AND THE ENDORSEMENT OF DEPRESSION, ANXIETY, STRESS AND AUTISTIC-LIKE 
TRAITS IN AUSTRALIAN UNIVERSITY STUDENTS .................................................................. 64 

2.1. Abstract ...................................................................................................................................... 65 
2.2. Introduction ................................................................................................................................ 65 
2.3. Method ....................................................................................................................................... 76 
2.4. Results ........................................................................................................................................ 81 
2.5. Discussion .................................................................................................................................. 87 
2.6. References .................................................................................................................................. 98 

CHAPTER THREE: ADHD TRAITS AND EMOTIONAL DYSREGULATION IN ADULTS: THE 
MODERATING ROLE OF EXECUTIVE CONTROL FUNCTIONS AND TIME PERCEPTION 
__________________________________________________________ ......................................... 110 

3.1. Abstract .................................................................................................................................... 111 
3.2. Introduction .............................................................................................................................. 112 
3.3. Method ..................................................................................................................................... 121 
3.4. Procedure ................................................................................................................................. 128 
3.5. Statistical Analyses .................................................................................................................. 128 
3.6. Preliminary Analyses. .............................................................................................................. 129 
3.7. Results ...................................................................................................................................... 130 
3.8. Discussion ................................................................................................................................ 138 
3.9. References ................................................................................................................................ 150 

Appendix A ......................................................................................................................................... 166 
Appendix B ......................................................................................................................................... 170 



vi 
 

CHAPTER FOUR: THE NEUROCOGNITIVE UNDERPINNINGS OF EMOTIONAL 
DYSREGULATION IN ADULTS WITH ADHD: A FOCUS ON EXECUTIVE CONTROL AND 
TIME PERCEPTION .......................................................................................................................... 171 

4.1. Abstract .................................................................................................................................... 172 
4.2. Introduction .............................................................................................................................. 173 
4.3. Aims and Rationale .................................................................................................................. 181 
4.4. Method ..................................................................................................................................... 182 
4.5. Results ...................................................................................................................................... 189 
4.6. Discussion ................................................................................................................................ 195 
4.7. References ................................................................................................................................ 203 

CHAPTER FIVE:  GENERAL DISCUSSION .................................................................................. 213 
5.1. Thesis Aims and Organisation of General Discussion ............................................................. 214 
5.2. Review of Research Findings .................................................................................................. 214 
5.3. Differential Performance of Adults with ADHD on Neurocognitive Measures ...................... 218 
5.4. Neurocognitive Functions in the ADHD-ED Association ....................................................... 222 
5.5. Clinical Implications of Findings. ............................................................................................ 235 
5.6. Limitations and Directions for Future Research ...................................................................... 247 
5.7. Conclusion ............................................................................................................................... 256 

5.8 References ..................................................................................................................................... 258 
 
 



 
 

vii 
 

ACKNOWLEDGEMENTS 
 

Just as it takes a village to raise a child, it also takes a network of supportive individuals to 

guide and encourage an individual on their journey to achieving a PhD. I have been blessed with such 

a network throughout my candidature.  

First and foremost, I acknowledge a special woman in my life, my late mother. None of this 

would have been remotely possible without you. You were a strong, resilient, determined and 

intelligent woman who worked hard and sacrificed so much, including your own successful career to 

get me to Australia and to where I am in life. You were determined to make sure I’d receive the best 

education and here I am submitting a PhD. You’ve taught me to value my education, to leave no 

stones unturned on the path to success, to be thorough and to be the best I could be. You have led by 

example and showed me that anything was possible with the right attitude. Although you could not be 

here to see me achieve this important milestone as you had dreamed of, I dedicate this PhD and all the 

hard work that went into it to You, Maman. 

I would like to express my endless gratitude to my team of Supervisors who have 

accompanied me on this important journey and have demonstrated unwavering support for me along 

the way. From providing me with insights into the most basic aspects of my PhD to celebrating with 

me the most important moments of my life and consoling me during the most challenging ones, you 

have been there for me when I have needed you. You have been great listeners and have made me feel 

like anything was possible to achieve no matter the hurdles. You are all inspirational and amazing role 

models; I am humbled and incredibly fortunate to have known you and worked with all of you over 

the past five years. To Jason, my Coordinating Supervisor, thank you for your words of 

encouragement along the way, your contagious optimism and positivity, your kindness and 

compassion and your readiness to help me in whichever way you could. Romina, your energy, quick 

thinking and practical mind have helped me tremendously throughout my candidature. Thank you so 

much for your thorough and insightful feedback on my drafts! Carmela, you have been an inspiration 

to me both as a PhD supervisor and a clinical supervisor. You have been so patient and generous with 

your time, knowledge and expertise on this project and have shown that you believed in me. Your 

dedication to my PhD and your unconditional support have been very much appreciated!  

My sincerest thanks to Dr Roger Paterson who has shown a keen interest in my research and 

has been instrumental to the recruitment of my ADHD participants. You have made this process so 

much easier than I had anticipated and I could not be more grateful to you for this. I also extend my 

thanks to Dr Lyn Bennett and Dr Raymond Wu for also referring their patients to my research. 

Thanks to you all, I have gained invaluable insights into adult ADHD and have had the privilege to 

gain firsthand knowledge about the lived experiences of people who have ADHD. By the same token, 

it would be remiss of me to not thank each and every participant who has so enthusiastically 

participated in my research, shared their stories with me and encouraged me to research this condition, 



viii 
 

realising that the road to fully comprehending it is still long! Such experiences have only served to 

fuel my passion for conducting research and engaging in work in this fascinating area.  

I wish to acknowledge and thank three incredible Honours students; Nikki Bradley, Sarah 

Stanton and Jasmine Wu, whom I’ve had the privilege to co-supervise during my candidature and 

who have been of great help with data collection and report writing. Your great organisational skills, 

diligence and conscientiousness made you amazing to work alongside.  

A special shout-out to some incredible fellow PhDoers; past and present; Laura, Gemma, Jo, 

Prue, Sherry, Gideon, Kaitlyn, Ellen, Olga, Anna and Maira. I have appreciated the times you have 

lent me a listening ear and given me tips about PhD-related things such as stats (hey Gemma ;)) and 

administrative processes. Aside from this, you have also made my journey as a PhD student so much 

more bearable with coffees, walks, cheese and wine nights, dinners, long insightful chats about all 

things (not just PhD thankfully). You are most definitely very fine and lifelong friends, and I can’t 

wait to share with you many more defining moments in our respective futures. 

To my amazing husband, Shawn Offer. I thank you endlessly for the extra push to finally 

break from my gap year and throw myself into a PhD. From the start, you have shown so much 

interest in what I do, constantly reminding me of how proud you are of me and how much you believe 

in me. I have been so lucky to have a go-getter like you by my side. You have been a major source of 

inspiration to me by your own relentless pursuit for knowledge and development. Thank you for 

listening to my every rant about my project and life as a postgraduate student and for always having 

the right words to alleviate any troubles I experienced. PhD life was so much more enjoyable and 

smoother with you in it, particularly with all the cups of tea and delicious meals you have prepared for 

me over the years and the numerous times you have taken on the household chores all by yourself to 

save me precious time. I love you and I am infinitely thankful to the universe for the gift of you! 

Warmest regards to my family, immediate and extended. To my Father Josian, Stepfather 

Jean, sister Graziella, my brother-in-law Chuza and cousin Miles, thank you for all your 

encouragement over the years and for even helping out with recruiting participants! I am lucky to 

have had you in my life, for all the moments that we have shared and the support you have shown 

particularly during the most difficult times. Thank you to my family in Mauritius, in particular my 

Godmother Nathalie and Aunty Jeannine who have not only been great teachers and mentors to me 

growing up but have also regularly sent me messages and thoughts to motivate me and let me know 

that I’m loved. To some great friends who have regularly checked in with me, been interested in my 

work, and offered a listening ear at various points in time - special mention to Simone, Toby, Marijn 

and Hamsha! 

This research was supported by an Australian Government Research Training Program 

(RTP) Scholarship. 

 



ix 
 

AUTHORSHIP DECLARATION: CO-AUTHORED PUBLICATIONS 
 
This thesis contains work that has been published and prepared for publication.  
 

Details of the work: 
Nankoo, M. M. A., Palermo, R., Bell, J. A., & Pestell, C. M. (2019). Examining the Rate of Self-
Reported ADHD-Related Traits and Endorsement of Depression, Anxiety, Stress and Autistic-
Like Traits in Australian University Students. Journal of Attention Disorders, 23(8), 869 – 886. 
Doi: 10.1177/1087054718758901 
 
Location in thesis: 
Chapter 2 
Student contribution to work: 80% 
The candidate contributed to the design of the study, data collection, analysis of results and was 
the primary contributor on the manuscript and in subsequent revisions. Associate Professor 
Carmela Pestell, Associate Professor Romina Palermo and Dr Jason Bell provided feedback and 
guidance on the manuscript preparation and subsequent revisions. 

 
Details of the work: 
Nankoo, M. M. A., Palermo, R., Bell, J. A., & Pestell, C. M. ADHD-traits and emotion 
dysregulation in adults: The moderating role of executive control functions and time perception. 
(In preparation). 
Location in thesis: 
Chapter 3 
Student contribution to work: 75% 
The candidate was the primary contributor to the design of the study, data collection and analysis 
and manuscript write-up. Dr Jason Bell, Associate Professor Carmela Pestell and Associate 
Professor Romina Palermo provided guidance in the design and selection of tasks, provided 
feedback on the results and manuscript preparation. An Honours student also assisted with data 
collection.  
 
Details of the work: 
Nankoo, M. M. A., Bell, J. A., Palermo, R., Paterson, R., & Pestell, C. M. The neurocognitive 
underpinnings of emotion dysregulation in adults with ADHD: A focus on executive control 
functions and time perception. (In preparation). 
Location in thesis: 
Chapter 4 
Student contribution to work: 70% 
The candidate was the primary contributor to the design of the study, data collection and analysis 
and manuscript write-up. Dr Jason Bell, Associate Professor Carmela Pestell and Associate 
Professor Romina Palermo provided guidance in the design and selection of tasks, provided 
feedback on the results and manuscript preparation and its revision. Associate Professor Pestell 
provided clinical supervision during participant testing period. Dr Roger Paterson assisted with 
the recruitment of the clinical sample of ADHD adults and provided feedback on the preparation 
of the manuscript and its revisions. An Honours Student also assisted in the data collection and 
preparation of reports for ADHD participants.  
 

 

Student signature:  
Date: 05/10/2020 

 
Co-Authors Declarations 



x 
 

 

As co-authors, we certify that the student statements regarding their contribution to each of the works 

listed above are correct. 

 
Dr Jason Bell 
 
 
Signature: 
 

 
 
 
 
 
Date: 5/10/2020 

Associate Professor Carmela Pestell 
 
 
Signature:  
 

 
 
 
 
Date: 5/10/2020 
 
 

Associate Professor Romina Palermo 
 
 

Signature:  
 
 
Date: 5/10/2020 
 

Dr Roger Paterson 
 

Signature:  
 
 
 
Date: 5/10/2020 
 

 
 
 
 
 
 
 
 
 
 
 
  



xi 
 

Preamble 
 

This thesis comprises five chapters. The first chapter consisting of the General 

Introduction chapter sets out the context of the research and concludes with an overview of 

the research aims. Following this are three chapters which present the research pertaining to 

the aims outlined in Chapter 1. Finally, the General Discussion is presented in Chapter 5 and 

includes an outline of the main research findings, their theoretical and clinical implications, a 

statement of limitations and directions for future research.  

It should be noted that this thesis is presented as a series of research papers, one of 

which (Chapter 2) has been published in an international peer-reviewed journal and two of 

which are being prepared for submission (see: Authorship Declaration section above for 

further detail). Hence, there are similarities and overlaps between the experimental chapters 

(particularly Chapters 1, 3 and 4) in conceptualisations and definitions as well as descriptions 

of the empirical literature. Please note that the three individual studies have been re-formatted 

to ensure consistency throughout the whole thesis. Furthermore, to facilitate the review of 

this thesis’s chapters, a reference list for in-text citations can be found directly after each 

chapter. 
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 Foreword 

The General Introduction first introduces attention-deficit/hyperactivity disorder (ADHD) and 

lays the foundation for a discussion regarding the chronic nature of the disorder and its presentation in 

adults. To this end, information is presented regarding prevalence statistics, associated functional 

impairments across the lifespan as well as etiological risk factors. Then, the diagnostic, clinical and 

research implications of the typical clinical profile across development will be briefly reviewed. It 

will be argued that current diagnostic systems may have historically not fully captured the breadth of 

ADHD symptoms in adults, thus potentially resulting in (a) poor insight regarding the true extent to 

which adults are affected by the disorder, and (b) poor understanding of emotional dysregulation 

(ED), a common feature of adult ADHD. Next, the literature pertaining to ED is reviewed to firmly 

establish the relevance of the research presented as part of this thesis. An operational definition of ED 

is provided given the lack of consensus regarding how this symptom domain should be defined in the 

context of ADHD. This is followed by a discussion of theoretical models that stipulate the manner in 

which specific neurocognitive factors may be involved in the relationship between ADHD and ED. 

Empirical evidence for the potential involvement of working memory, attention, and inhibition will be 

presented. Time perception is then introduced as a commonly impaired cognitive factor in ADHD 

which may impact on how affected individuals process and respond to emotional events. This chapter 

then concludes with a brief summary and statement of main research aims. 

1.1. Background 

ADHD is a neurodevelopmental disorder typified by age-inappropriate and impairing levels of 

inattention, locomotor activity and impulsivity that impede on normal development (American 

Psychiatric Association [APA], 2013). ADHD has an early childhood onset, though formal diagnosis 

does not occur until the child reaches school age, when behavioral symptoms become more prominent 
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(Matthews, Nigg & Fair, 2012). Whilst the disorder was originally thought to subside by the end of 

adolescence, it is now known that 15% of individuals diagnosed in childhood still meet full diagnostic 

criteria in adulthood whilst another 50 to 60% continue to experience subclinical but impairing 

symptoms of ADHD (Faraone, Biederman & Mick, 2006). Today, ADHD is considered one of the 

most commonly diagnosed psychiatric disorders in both childhood and adulthood, with latest 

estimates revealing a pooled worldwide prevalence of 5.3% for children and adolescents (Polanczyk, 

Willcutt, Salum, Kieling & Rohde, 2014) and 4.4% in adults (Franke et al., 2018). 

1.1.1 Core Symptoms of ADHD 

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5; APA, 

2013), provides a framework for diagnosing ADHD. It features 18 psychopathological criteria which 

address two behaviorally assessed symptom domains - inattention and hyperactivity/impulsivity. Nine 

of these criteria reflect symptoms of inattention, such as difficulties concentrating and sustaining 

attention, poor organization, daydreaming, forgetfulness, lack of attention to detail in daily tasks, 

carelessness and procrastination, particularly on tasks requiring mental effort (APA, 2013). The other 

nine DSM-5 criteria pertain to hyperactivity and impulsivity. Markers of hyperactivity and 

impulsivity reflect urgency-bound and largely aimless behaviours such as fidgetiness or persistent 

squirming, purposeless touching or moving of objects, difficulties remaining seated, moving around 

as if “driven by a motor”, always inappropriately interrupting others, excessive talking, intruding on 

others, and regularly failing to wait for one’s turn (APA, 2013). ADHD-like symptoms can be present 

in the wider population. However, a formal diagnosis of ADHD can only be made if symptoms 

emerge prior to the age of 12 years, are developmentally inappropriate, last for at least 6 months 

consecutively, occur across two or more settings (i.e., home, school, work) and cause considerable 

impairment in social, academic and occupational functioning (APA, 2013). The DSM-5 allows 

categorization of ADHD diagnoses into three presentations, namely the predominantly inattentive, the 
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predominantly hyperactive/impulsive presentation and the combined presentation (APA, 2013). 

Someone displaying age-inappropriate levels of inattention, but normal levels of 

hyperactive/impulsive symptoms may be diagnosed with the Predominantly Inattentive (ADHD-I) 

presentation. One who exhibits age-inappropriate levels of hyperactivity and impulsivity but normal 

levels of inattention is deemed to have the Predominantly Hyperactive/Impulsive (ADHD-HI) 

presentation of ADHD. To fit in either category (i.e., inattention and hyperactivity/impulsivity), a 

child must meet at least six out of the nine criteria whereas an adult must meet at least five out of the 

nine criteria (APA, 2013). Finally, someone with age-inappropriate levels of both core symptoms is 

deemed to have the combined presentation (ADHD-C). 

1.1.2 Impact of ADHD 

That ADHD can have a significant impact on the lives of afflicted individuals is well-

documented. Even when treated, ADHD can adversely affect the well-being and quality of life of both 

children and adults affected by the disorder (Mahone & Denckla, 2017). ADHD-related functional 

impairments are typically experienced in behavioural, social, interpersonal, academic and vocational 

domains (Davids, Krause, Specka & Gastpar, 2004; Halmøy, Fasmer, Gillberg, & Haavik, 2009; 

Mannuzza et al., 2012; Stein, 2008). Affected children are at greater risk of poor academic outcomes 

including lower grades, higher rates of detention, suspensions, expulsions and early dropout from 

school compared to non-ADHD peers (Langberg, Becker & Dvorsky, 2013). ADHD children are 

vulnerable to social and interpersonal difficulties marked by frequent quarrels, low quality 

friendships, peer rejection, low popularity, victimization, as well as social isolation and withdrawal 

(Gardner & Gerdes, 2013). In the home environment, a child’s ADHD symptoms can strain 

relationships with parents, carers and siblings and cause parental stress and discord (Harpin, 2005). 

Criminal behaviour, teenage pregnancy, accidental injuries and traffic-related issues are also more 

frequent in ADHD youth than in non-ADHD peers (Faraone & Larsson, 2019; Harpin, 2005).  
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Commensurate with observations that ADHD is chronic, associated global dysfunction also 

persists across the lifespan, particularly if the disorder is left untreated, inadequately treated and/or 

undiagnosed (Coutinho, Reis, da Silva, Miranda & Malloy-Diniz, 2018). Compared to neuro-typical 

peers, youth and adults with ADHD are more prone to engaging in high-risk and criminal behaviour 

(e.g., reckless driving, illicit substance use, promiscuous sex), particularly if they have comorbidities 

such as oppositional defiance disorder and conduct disorder (van Emmerik, van Oortmerssen et al., 

2012). They are also at risk of experiencing problems with the law (Ginsberg et al., 2014), 

underachieving academically and not graduating from high school and/or their tertiary education 

(Kuriyan et al., 2011; Dupaul, Weyandt, O’Dell & Varejao, 2009; Nugent & Smart, 2014), engaging 

in work with lower social prestige and incomes (Küpper et al., 2012), underperforming occupationally 

(Ginsberg et al., 2014), and having unstable and unsuccessful relationships (Ginsberg et al., 2014).  

Mental health is also problematic for ADHD adults as 70% report at least one comorbid 

condition such as major depression, generalized anxiety disorder, post-traumatic stress disorder, 

phobias, eating disorders, personality disorders, psychosis and substance use disorders (Bernardi et 

al., 2012). Not only does ADHD augment the likelihood of developing these disorders, but it may also 

worsen their symptoms and alter their clinical course (Bernardi et al., 2012; Ryden et al., 2009). 

Diagnosed adults often report lower levels of perceived support and health as well as higher levels of 

stress than non-ADHD adults (Bernardi et al., 2012). Remarkably, whilst some individuals with 

ADHD may seem to function normally, they may however expend a substantial amount of energy 

trying to compensate for their impairments (Ginsberg et al., 2014). Such efforts can result in persistent 

restlessness and mood instability, in turn leading to distress (Ginsberg et al., 2014).  

ADHD-related impairments have a cumulative effect over the individual’s lifespan and can 

even lead to premature death (Brod, Schmitt, Goodwin, Hodgkins & Niebler, 2012). These 

impairments remain significant after sex, socioeconomic status, ethnicity, intelligence and 
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comorbidities are accounted for (Willcutt et al., 2012). ADHD is also now deemed to be a major 

public health issue, costing the United States alone over 143 billion dollars each year (Malone & 

Denckla, 2017). The National Health and Medical Research Council (NHMRC) estimates that the 

total cost of ADHD in Australia in 2019 was $20.42 billion and associated productivity losses were 

around $10.19 billion (Bellgrove, 2019). Given that ADHD presents tremendous costs and burden to 

the individual and society, research into its etiology, developmental trajectory and outcomes is 

imperative. Proper assessment and treatment of ADHD depends on a holistic and accurate 

understanding of features that are intrinsic to the disorder.  

1.1.3 Etiological Risk Factors in ADHD  

ADHD is a complex disorder which may arise from intricate interactions between biological, 

environmental and cognitive factors (Eubig, Aguiar & Schantz, 2010). To begin with, ADHD has a 

strong genetic basis and, with a mean heritability estimate of 76%, it is considered one of the most 

heritable psychiatric disorders (Chen et al., 2008; Faraone et al., 2005; Luo et al., 2019). Specific 

genes identified as playing a role in ADHD include dopamine receptor genes such as DRD2, 3, 4 and 

5, dopamine-beta-hydroxylase, dopamine transporter genes (i.e., DA and SLC6A3), monoamine 

oxidase, catechol-O-methyltransferase, serotonin receptor and transporter genes such as HTR1B, 

HTR2A, SLC6A4, 5-HTT, and GABA gene GABRB3 (in review by Luo et al., 2019). Each gene only 

accounts for a small proportion of variance in ADHD risk, with the confluence and interactions 

amongst these genes increasing genetic vulnerability to ADHD (Faraone & Mick, 2010; Gizer, Ficks 

& Waldman, 2009; Luo et al., 2019).  

Aside from genetic factors, other biological bases for ADHD may include changes in brain 

structures. Notably, whilst at the individual level not everyone with ADHD has an abnormal brain 

structure, at the group level, structural differences in the ADHD brain can be found when compared to 

the non-ADHD brain. Nonetheless, a wealth of research has shown that reduction in both cortical and 
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subcortical regions can explain ADHD symptomatology (Hoogman et al., 2017; Hoogman et al., 

2019). For instance, meta-analyses of structural volumetric studies have identified reductions in the 

volume of the basal ganglia and insular in children and adults with ADHD (Nakao, Radua, Rubia & 

Mataix-Cols, 201, 2011; Norman et al., 2016). Extending upon this research, a subsequent mega 

meta-analysis examining the magnetic resonance imagining (MRI) brain scans of 1713 ADHD 

participants and 1529 controls (aged 4 to 63 years) from 23 different sites, was run by the ENIGMA 

ADHD Working Group (Hoogman et al., 2017). Analysis of the data using harmonized quality control 

and segmentation procedures revealed a characteristic reduction in the size of subcortical structures, 

namely the amygdala, nucleus accumbens, hippocampus, as well as bilateral reductions in the caudate 

and putamen which could not be explained by psychostimulant medication or the presence of 

comorbid psychiatric disorders (Hoogman et al., 2017).  These volumetric differences, however, had 

small effect sizes (i.e., ranging from d = -0.10 to d = -0.19) and any differences clustered in childhood 

but disappeared by adulthood (Hoogman et al., 2017). In fact, further exploration of the data pointed 

towards an altered velocity of brain development in ADHD together with delayed peak volume 

(Hoogman et al., 2017). These findings provide evidence that abnormalities in the subcortical 

structures seen in ADHD may progressively disappear with age. 

There is also strong evidence of abnormalities in cortical regions in ADHD. For instance, a 

body of research points towards aberrations in ventromedial frontal regions (see meta-analysis by 

Norman et al., 2016) as well as in frontal, temporal and parietal regions in the ADHD brain (Shaw et 

al., 2007; 2013). In a mega meta-analysis of large-scale neuroimaging studies (comprising MRI data), 

Hoogman and colleagues (2019) examined differences in cortical surface area in the ADHD brain 

compared to the non-ADHD brain (Hoogman et al., 2019). Differences were demonstrated for a total 

of 24 (out of a total of 34) cortical regions. This included the total cortical surface area as well as 

more specific areas. Firstly, reduced cortical thickness in the frontal cortex was shown and more 
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specifically in the orbital, middle and superior regions. These very areas have been implicated in the 

poor processing of reward and punishment, emotional processing, response inhibition and attention in 

ADHD (Hoogman et al., 2019). A second major area of reduced cortical thickness was the cingulate 

cortex, another structure linked to executive functioning and emotional processing in ADHD. Third, a 

ADHD individuals appeared to have a thinner temporal cortex compared to neuro-typical peers, and 

this was related to deficits in memory (e.g., potentially semantic memory), abstract thinking, attention 

and emotion regulation (Hoogman et al., 2019).  

Other regions of reduced cortical thickness included the superior frontal gyrus, the lateral and 

medial orbitofrontal cortices, the posterior and rostral interior cingulate cortices, the superior temporal 

gyrus, the caudal middle frontal gyrus, the fusiform gyrus, the middle temporal gyrus, the inferior and 

superior parietal cortices, the postcentral and precentral gyri, to name a few. It is also important to 

note that effect sizes were, again, small and most pronounced in children and not in adult groups 

(Hoogman et al., 2019). A limitation of this research, however, was that the adult group was half the 

size of the younger age group and analyses may have subsequently been too underpowered to detect 

any differences. When the above results are interpreted together with the results of Hoogman and 

colleagues (2017) however, it becomes clearer that differences in brain cortical and subcortical 

thickness may attenuate with age, thus indicating that ADHD is a disorder marked by delayed cortical 

maturation (Hoogman et al., 2019; Shaw et al., 2007; 2013).  

It is important to note that follow-up family analysis conducted as part of this research 

identified comparable levels of ADHD symptoms in diagnosed individuals and non-affected siblings 

suggesting that ADHD symptoms may be related to cortical phenotypes (Hoogman et al., 2019). 

Interestingly, the relationship between ADHD symptoms and cortical phenotypes was also detected in 

the general population and was found to be linear. This particular result carried two important 

implications. Firstly, it suggests that ADHD is a dimensional entity rather than a categorical disorder 
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(Hoogman et al., 2017). Secondly, it can be assumed based on these findings that abnormalities in 

brain morphology are neither necessary nor sufficient to account for ADHD (Hoogman et al., 2017).  

Whilst the abovementioned cortical and subcortical abnormalities in ADHD pertain to brain-

based deficits at the macrostructural level, there are also micro-structural abnormalities in ADHD. 

Indeed, it has been found that white matter integrity is impaired in ADHD and this has been argued to 

constitute a primary precursor to the emergence of ADHD symptoms due to its role in the 

dysregulation of the fronto-striatal and the fronto-parietal networks (Bush, Valera, Seiman, 2005; Fan, 

& Posner, 2004; Nagel et al., 2011). In a meta-analysis, ADHD was associated with compromised 

white matter integrity in several brain regions including the superior and inferior longitudinal 

fasciculus, the cortico-spinal tract, the corpus callosum, cingulum, anterior corona radiata, the internal 

capsule and the cerebellum (van Ewijk, Heslenfeld, Zwiers, Buitelaar & Oosterlan, 2012). Moreover, 

Diffuse Tension Imaging has discovered reduced white matter density and myelin breakdown in the 

right internal capsule, the right midbrain and the left middle temporal gyrus, in individuals with 

ADHD (Gehricke et al., 2017; Lawrence et al., 2013). Such white matter abnormalities affect the 

communication between hemispheres as well as within fronto-striatal and fronto-parietal networks 

resulting in behavioural dysfunction (Gehricke et al., 2017). Finally, the pathophysiology of ADHD 

also encompasses poor modulation of cortical plasticity during development which may in turn lead to 

anomalies in cortico-cortical connectivity throughout life (Ashtari et al., 2005; Konrad et al., 2010; 

Liston, Cohen, Teslovich, Levenson & Casey, 2011; Makris et al., 2008).  

Whilst ADHD risk factors are more likely biological in nature, an estimated 10 to 40% of 

variance in ADHD is attributable to environmental influences that interact with abovementioned 

genetic risk factors (Sciberras, Mulraney, Silva & Coghill, 2017). In a review, Sciberras and 

colleagues (2017) classify environmental causes as pre-, peri or postnatal in nature. When it comes to 

pre-natal factors, lower gestational age is implicated in ADHD as pre-term birth may interrupt in-
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utero neural development and entail obstetric complications and neural insults. Moreover, maternal 

use of substances can also predispose a child to developing ADHD (Sciberras et al., 2017). Parental 

history of alcohol use disorder prior to childbirth has been linked with germ cell mutations that 

subsequently heighten the risk of ADHD diagnosis in the offspring (Sciberras et al., 2017). In 

addition, nicotine may impact on serotonergic and dopaminergic systems and impede on brain cell 

growth as well as DNA and RNA synthesis in the growing fetal brain (Sciberras et al., 2017). Prenatal 

exposure to smoking can also lead to more severe forms of ADHD, including greater externalizing 

symptoms and greater risk of neurocognitive impairment. 

Ischemic-hypoxia (e.g., due to placental abruption or pre-eclampsia), birth by caesarean 

section, induced labor and a low Apgar score 5 minutes after birth also increase the likelihood of a 

subsequent ADHD diagnosis (Sciberras et al., 2017). Finally, postnatal factors implicated in the 

etiology of ADHD can include traumatic brain injury, exposure to toxins which can alter neural 

structures and pathways (i.e., organophosphate pesticides, lead) and, exposure to adverse psychosocial 

factors such as intra-familial adversity, parent-child hostility, low socioeconomic background and 

early life neglect (Russell, Ford, Williams & Russell, 2016; Stern et al., 2018).  

Finally, neurocognitive deficits are widely considered core to the ADHD symptom profile 

(Mostert et al., 2017) and are linked to the widespread structural and functional brain anomalies 

described above (Luo et al., 2019). These neurocognitive deficits are discussed in further detail in 

later sections as they are of interest to this thesis. In a nutshell, cognitive deficits typically found in 

ADHD include attention and vigilance, delay aversion, reaction time and temporal processing as well 

as executive control functions such as working memory, inhibition, and mental flexibility (Boonstra, 

Oosterlaan, Sergeant & Buitelaar, 2005; Mostert et al., 2017; Willcutt, Doyle, Nigg, Faraone & 

Pennington., 2005). Notably, abnormalities in frontal and prefrontal regions, striatum and thalamus, 

all part of the cortico-striato-thalamo-cortical loop cause attentional difficulties as well as substantial 
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dysfunctions in cognitive processing (Luo et al., 2019). Conversely, age-related reductions in ADHD 

symptoms have been attributed to a maturation of these structures, particularly of the frontal regions 

(Luo et al., 2019).  

1.1.4 The Clinical Profile of ADHD across Development 

As can already be gleaned from the above discussion, ADHD is a heterogeneous disorder in 

terms of variations in symptom presentation as captured by the DSM presentations, multifactorial 

etiological risk factors, as well as associated impairment. Despite offering a common language and a 

standard set of criteria for identifying and categorizing ADHD symptoms within specific 

presentations, the DSM-5 has several shortcomings and much of those pertain to its failure to account 

for the heterogeneous presentation of the disorder. For one, significant sex differences in diagnoses 

are consistently found with boys seemingly more affected by the disorder compared to girls, to a ratio 

of 3:1 (Perou et al., 2013; Willcutt, 2012). This sex difference could be attributed to boys’ symptoms 

being more readily observable given that they more frequently exhibit higher levels of 

hyperactivity/impulsivity than girls (Willcutt, 2012). Conversely, females are more often than males 

diagnosed with the inattentive presentation (Biederman et al., 2005).  

Aside from sex differences, the clinical course and outcomes of ADHD also vary substantially. 

Cross-sectional research indicates that development-specific features across different age groups with 

behavioural restlessness and disruptive behaviour feature more prominently in preschool-aged 

children whilst disorganized, impulsive and inattentive behaviours are more commonly displayed by 

adolescents and adults (Wilens, et al., 2009). In fact, longitudinal research shows that whilst 

symptoms of hyperactivity may still be present to some extent in adults, for the most part, they 

subside over time (Franke et al., 2018; Molina et al., 2009; Wilens et al., 2009). It is therefore not 

surprising that the ADHD-HI presentation is diagnosed in far fewer adults (i.e., less than 10%) than 

children (Wilens et al., 2009). This motor hyperactivity may become more internalized, inducing a 
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subjective feeling of internal restlessness which often gets mistaken and misdiagnosed for anxiety or 

other mental disorders (Franke et al., 2018; Retz, Stieglitz, Corbisiero, Retz-Junginger & Rosler, 

2012). Impulsivity and attentional problems typically stabilize or amplify with age, and can remain 

lifelong (Rosler, Casas, Konofal & Buitelaar, 2010).  

These lifespan changes in the presentation of ADHD have historically not been adequately 

captured by the diagnostic criteria (Belirgran, Ersoy & Ersoy, 2017). Notably, as ADHD is one of the 

rare conditions in psychiatry which was initially only recognized in children (Matte, Rohde & Grevet, 

2012), current understanding of its phenomenology has been informed by field observations of 

pediatric cases (Rohde, 2008). Hence, it is suggested that ADHD in adults may have been under-

recognised and under-diagnosed thus artificially magnifying the differences in rate of diagnosis 

between this age group and pediatric groups. Consequently, the rate of ADHD in adults generally, as 

well as in specific sub-groups of adults (e.g., young adults and university students) remain unclear. 

Consistent with this idea, it was recently discovered that adolescents and young adults are 

attending diagnostic clinics in increasing numbers (Moffitt et al., 2015). In a recently published 

longitudinal study, 5.4% (n = 110) of 2,066 participants followed from childhood through to young 

adulthood had late-onset clinical symptoms of ADHD despite not displaying those symptoms during 

childhood (Agnew-Blais et al., 2016). That is, their ADHD symptoms only emerged around the age of 

18 as they were transitioning into young adulthood. Interestingly, in this study, these late-onset cases 

of ADHD represented 67.9% of all adults who had ADHD. Late-onset cases were also more likely to 

be female and after controlling for sex, had exhibited less childhood behavioural problems and less 

cognitive impairment than individuals who had persistent ADHD (Agnew-Blais et al., 2016). Pre- and 

peri-natal risk factors and family environment also did not differ between late-onset and persistent 

ADHD cases.  

 Whilst there is still some debate regarding whether or not ADHD is a neurodevelopmental 
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disorder with a purely childhood onset, the findings by Agnew-Blais and colleagues (2016) raise the 

possibility that a significant number of young adults may have late-onset ADHD which goes 

undiagnosed, given the DSM-5 requirement that symptoms should emerge prior to the age of 12 

(APA, 2013). Moreover, it is also possible that for some young adults, ADHD symptoms were simply 

not recognised in the past due to being at subthreshold levels or having been managed earlier in life 

due to the high levels of parental and teacher support (Nugent & Smart, 2014). A particular subgroup 

of young adults to whom this may be particularly pertinent is undergraduate university students in an 

Australian setting. This particular group of individuals remains relatively under-studied in the ADHD 

literature, despite data regarding the prevalence and ramifications of the disorder in tertiary education 

settings having been published for a number of countries (e.g., Heiligenstein, Conyers, Berns & 

Smith, 1998; DuPaul, et al., 2009). Nonetheless, these past studies were based on past iterations of the 

DSM (e.g., the 3rd and 4th edition) which were, in hindsight, not adequate for classifying adults, let 

alone young adults, as having ADHD or not (Sibley et al., 2012). Based on this issue alone, it would 

be difficult to estimate the rate of ADHD symptoms in an Australian undergraduate sample by 

extrapolating from these past estimates. I am not aware of published data regarding the prevalence of 

ADHD or the rate of symptomatology amongst Australian university students. The psychological 

issues ADHD symptomology poses in this specific sample also remains unknown and in need of 

investigation. Investigating the rate of ADHD-related symptoms in young adults enrolled in 

undergraduate courses and examining the relationship of these symptoms to other psychological 

problems was a first goal of this thesis.  

1.2.4.2. Emotional dysregulation in adults with ADHD. Notwithstanding the age-dependent 

changes in ADHD, it is also becoming clear that current DSM-5 criteria may not fully capture the 

breadth of symptoms in individuals with ADHD who present for clinical evaluation. The largely 

categorical approach to diagnosing ADHD, including the emphasis placed on the two 
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psychopathological dimensions, namely inattention and hyperactivity/impulsivity has hampered the 

consideration of additional symptoms that may be relevant to the diagnostic process (Retz et al., 

2012). Hence, the diagnosis of ADHD has historically rested on identification of behavioural and 

cognitive symptoms that are easily observable from the outside (Corbisiero et al., 2017). 

Consequently, the internal and emotional experiences of patients have remained overlooked or 

dismissed as emanating from other mental health conditions such as depression and anxiety (Retz et 

al., 2012). Yet, overwhelmingly, individuals with ADHD are found to experience significant problems 

with regulating their emotions regardless of whether or not they suffer from comorbid conditions 

(Barkley, 2010; Shaw et al., 2014). These problems with mood and emotional control become more 

evident with age and often dominate the clinical picture in adulthood (Franke et al., 2018). The 

problems that adults with ADHD experience in the emotional realm have garnered increased scientific 

and clinical interest given that they can independently lead to significant functional impairments 

(Barkley & Fischer, 2010; Skirrow & Asherson, 2013; Surman et al., 2011). Difficulties regulating 

emotions are also considered a key reason for the referral of individuals with ADHD for psychiatric 

treatment (Retz et al., 2012).  

Specific etiological factors that may underpin ED in ADHD are still largely unknown. 

Nevertheless, ADHD is largely considered as a disorder of deficits in ‘top-down’ cognitive control 

(Bell & Wolfe, 2004; Sjöwall, Roth, Lindqvist, & Thorell, 2013). These deficits develop alongside 

emotional control processes and since these domains interact and influence each other, some have 

proposed that the ADHD-ED association may be attributed to neurocognitive factors (Banaschewski 

et al., 2012; Gisbert et al., 2018; Shaw et al., 2014; Surman et al., 2015). Whilst this theory has 

garnered increased interest, the associated literature is still in its infancy, particularly in the adult 

ADHD population. Hence a second goal of this thesis was to clarify the neurocognitive underpinnings 

of the association between ADHD and ED in adults. The next part of this General Introduction 



CHAPTER 1: GENERAL INTRODUCTION 
 

15 
 

reviews the literature supporting the investigation of the role of neurocognitive function in ADHD-

related ED. 

1.2. The Roles of Executive Control Function and Time Perception in the Emergence of 

Emotion Dysregulation in Adult ADHD 

1.2.1 Context 

ED has a longstanding history in the field of ADHD. As early as the 1900s, as ADHD was 

starting to be recognized and conceptualized as a disorder, theorists also noted symptoms indicating 

problems with emotion management (Still, 1902). Besides, initial characterizations of ADHD as a 

disorder involving “minimal brain damage” included ED as a cardinal symptom alongside inattention 

and hyperactivity/impulsivity (Shaw, et al., 2014). Upon publication of the DSM-III in 1968, ADHD 

was reframed as primarily involving inattentiveness and uninhibited behavior and emotional 

symptoms were de-emphasized (Faraone et al., 2019). Hence, ED became an associated feature 

supporting the diagnosis of ADHD (Shaw et al., 2014). Regardless, research has since reinforced the 

idea that emotion-related problems are a key feature of ADHD and this is recognized outside of the 

DSM-5. Notably, the first diagnostic guidelines for adult ADHD, namely the Utah criteria, considered 

symptoms of poor emotion processing and modulation alongside those of inattention, hyperactivity 

and impulsivity (Wender, 1995; Wender, Wolf & Wassertein, 2001). These criteria highlight temper 

control, mood instability, emotional over-reactivity and stress intolerance as core to an ADHD 

presentation (Wender, 1995). Moreover, the Brown Adult Rating Scale (Brown, 1995) proposes 

“affective interference” and the Conners Adult ADHD Rating Scale (CAARS; Conners, Erhardt & 

Sparrow, 1999) comprises emotional lability as a subscale (Retz et al., 2012). Today, ED is frequently 

discussed as a vital feature of pediatric and adult ADHD (Shaw et al., 2014; Beheshti et al., 2020). 
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1.2.2. Emotion Dysregulation and ADHD. 

Evidence for deficits in emotion regulation being a prominent feature of ADHD is 

overwhelming. Anecdotally, clinicians report that individuals with ADHD frequently present with an 

array of symptoms indicative of issues with emotions (Retz et al., 2012). Those symptoms include 

trouble with mood and affect regulation, difficulties dealing with aversive or stressful situations and a 

tendency to become easily irritated, frustrated and/or angry even due to the most mundane things 

(Corbisiero, Stieglitz, Retz & Rösler, 2013; Retz et al., 2012). Additionally, ADHD patients report 

greater emotional excitability and reactivity than neuro-typical counterparts and this is seen in a 

proclivity to act in a manner that is out of proportion given the current situation and a difficulty to 

return to an emotional baseline (Corbisiero et al., 2017; Shaw, et al., 2014; Surman et al., 2015).  

These emotional symptoms can be observed across the lifespan. A meta-analysis of 77 

studies indicated that children and adolescents with ADHD have significant deficits across several 

domains of ED, including emotion recognition and understanding, empathy and unemotional-callous 

traits, emotional reactivity/lability and overall emotion regulation (Graziano & Garcia, 2016). Strong 

associations have also been found between ADHD diagnosis and ED in adult samples. Another recent 

meta-analysis by Beheshti and colleagues (2020) revealed a strong correlation of .54 between ADHD 

symptoms and ED in adults. Furthermore, compared with neuro-typical adults, those with ADHD 

have significantly more pronounced deficits in emotion regulation (with a large effect size; Hedges’ g 

= 1.17) as well as on other intermediate dimensions such as emotional lability (Hedges’ g = 1.20). ED 

appears to affect adults to a greater extent than it does children. For instance, whilst it has been 

observed that 24% to 50% of children manifest problems with emotionality and ED (Shaw et al., 

2014), a far greater proportion of adults, or more precisely 53% to 86% of adults are estimated to 

exhibit such problems (Corbisiero et al., 2017; Faraone et al., 2019). These findings strongly suggest 

that ED co-varies with ADHD symptomology and may be a core feature of adult ADHD, at least for a 
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subgroup of patients (Hirsch, Chavanon, Reichmann, & Christiansen, 2018). Finally, treatment studies 

also confirm that ED and ADHD are associated, as emotional symptoms respond favorably to 

psychopharmological treatments in adults with ADHD (Lenzi, Cortese, Harris & Masi, 2018; 

Moukhtarian, Cooper, Vassos, Moran & Asherson, 2017; Retz et al., 2012).  

ED has a serious impact on individuals with ADHD as it independently contributes towards 

functional impairments as described earlier (Anastopoulos et al., 2011; Biederman et al., 2012; 

(Bunford, Evans & Wymbs, 2015; Surman et al., 2013). Given the high prevalence of emotional 

symptoms in ADHD as well as models emphasizing the role of impaired self-regulatory mechanisms, 

some argue that ED is an integral feature of ADHD and not merely an associated feature (e.g., 

Barkley, 2015; Castellanos, Sonuga-Barke, Milham & Tannock, 2006; Nigg & Casey, 2005). 

However, an alternate view is that problems with regulating emotion is a transdiagnostic feature 

which is not specific to ADHD (Hirsch, Chavanon & Christiansen, 2019; Beheshti et al., 2020). 

Moreover, whilst ADHD symptomology co-varies with symptoms of ED, it is clear that not everyone 

with ADHD displays poor emotion regulation and this symptom domain in itself has quite a 

heterogeneous presentation (Beheshti et al., 2010). A third argument against including ED within 

diagnostic criteria pertains to the absence of a comprehensive account of etiological factors for ED in 

the context of ADHD specifically (Hirsch et al., 2018; Hirsch et al., 2019). With regards to the latter 

argument, a major factor hampering the advancement of research on ED in the context of ADHD 

pertains to the wide range of terms used to describe this phenomenon (Beheshti et al., 2020; Faraone 

et al., 2019). Across the ADHD literature, emotion dysregulation has been used interchangeably with 

emotional lability, emotional impulsivity, deficient emotion self-regulation, emotional reactivity, 

emotional instability, irritability, distress tolerance, and poor frustration tolerance (Faraone et al., 

2019; Beheshti et al., 2020). Considering the two latter points, this thesis aimed to contribute to the 
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growing body of research exploring the underpinnings of the ED-ADHD association and in doing so, 

hoped to clarify the appropriate terminology and definition of ED in the context of ADHD. 

1.3. Defining Emotion Dysregulation  
 

1.3.1. Emotions and Emotion Regulation 

Before defining ‘emotion dysregulation’ it is necessary to first understand what ‘emotions’ and 

‘emotion regulation’ are. Emotions are temporary reactions to a stimulus or stimuli, entailing a set of 

changes in biological, physical changes and subjective feeling states (Bunford, et al., 2015). An 

emotion is generated when; an emotionally salient event occurs either internally or externally, 

attention is directed to the event and, the event is judged and evaluated for meaning and self-relevance 

(Gross & Jazaieri, 2014). Emotions can be adaptive when they promote sensory processing, assist 

decision making and/or inform the best course of action (Christiansen et al., 2019). They can, 

however, be maladaptive when their intensity, duration, frequency or type are inappropriate to the 

unfolding event.  

Emotion regulation is a process whereby the individual attempts to modify their initial 

reaction to an event by influencing what emotions they have, when they have them and, how they 

experience and express them (Gross & Jazaieri, 2014). The ultimate goal of regulating an emotion is 

to either increase or strengthen it, or decrease or weaken it, in order to engage in adaptive and goal-

directed behaviour (Gross, et al., 2006). Specific mechanisms are elicited when attempting to modify 

one’s emotions and these may include the modulation of physiological, behavioural and experiential 

components of the emotions (Gross, 1999). Physiological modulation occurs automatically and 

outside of conscious awareness whilst experiential/psychological and behavioural/expressive 

regulatory processes can be controlled by the individual (Dan-Glauser & Gross, 2011). Crucially, 

emotion regulation is a dynamic process comprising multiple components that unfold over a timescale 



CHAPTER 1: GENERAL INTRODUCTION 
 

19 
 

and that integrate to form a cohesive experience (Waugh, Shing & Avery, 2015). Individually, these 

features include, but are not limited to; onset latency of emotional response, surge in initial intensity, 

duration of the emotional process, number of peak responses and resurgences and the slope of 

recovery/return to baseline (Waugh et al., 2015). These features can be further broken down into sub-

components which are also temporally bound, including initial perception and appraisals of the 

emotional event, the onset of regulation strategies, the degree to which attention to the event it 

sustained, and so on (Waugh et al., 2015).  

Various types of emotion regulation strategies can be applied in any given situation. These 

may include meditating, distracting oneself, taking a deep breath, blunting an emotional reaction by 

putting on a poker face, to name a few. According to Gross’s popular model of emotion regulation, 

strategies generally can be classified into two main categories; antecedent-focused emotion regulation 

strategies or response-focused emotion regulation strategies (Gross, 1998; 2002). Antecedent-focused 

strategies refer to those that are elicited or applied before an emotional response is evoked. In 

contrast, response-focused strategies are evoked following the emotional response and therefore aim 

to influence already-shaped response tendencies (Gross, 2002). Specific strategies relating to each of 

these categories include situation selection, situation modification, attentional deployment, cognitive 

change, (all of which are antecedent-focused strategies) and response modulation (a response-focused 

strategy) (Gross, 2002). According to Gross (2002), situation selection refers to steps one takes to 

influence the type of situation that will give rise to emotions they would like to have. Situation 

modification denotes efforts to change relevant aspects of the situation with the aim of modifying its 

emotional impact. The third strategy is attentional deployment which involves intentionally re-

directing one’s attention to influence the aspect of the situation that is perceived and attended to. 

Cognitive change involves changing how one appraises or thinks about the situation. Finally, response 

modulation involves the alteration of already initiated experiential, behavioural and/or physiological 
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responses (Gross, 2002, 2011). Antecedent-focused regulation strategies are considered more effective 

than response-focused strategies given that they involve manipulation of the emotional process before 

a full-blown response has been initiated (Gross, 1998). ED occurs when any process impedes on the 

recruitment of these strategies thus hindering the modification of emotional experiences and 

expressions (Beheshti et al., 2020). 

1.4. Conceptualising ED in ADHD 

The above conceptualization of emotion regulation and the emphasis on the temporality of this 

symptom domain is consistent with definitions of ED that are becoming more widely used in the 

ADHD literature (Barkley, 2015). In fact, it has been argued that this approach may distinguish the 

emotion-related impairments displayed by individuals with ADHD from others suffering other types 

of psychiatric conditions or even those whose emotional problems sit at the upper end of the normal 

spectrum (Faraone et al., 2019). In particular, as alluded to earlier, people with ADHD display a 

propensity to react to emotional situations in a rapid manner, usually with a disproportionate level of 

intensity and with a slow return to the emotional baseline. These symptoms may reflect two types of 

difficulties - emotional impulsivity (EI) and poor self-regulation (Barkley, 2015).  

EI denotes emotional reactions that have an abrupt onset (fast-rising), are of unusually high 

intensity and lead to behavior that it is too fast or premature given the situation (Barkley, 2015; 

Faraone et al., 2019). Deficient self-regulation arise after the emotion has been generated. Poor self-

regulation relates to the ineffective modulation of the emotional experience and the pre-potent 

responses before they escalate to problematic levels. In Barkley’s (2015) view, poor self-regulation 

may result in emotionally reactive behavior reaching disproportionately high levels and being 

abnormally prolonged, even if the initial emotion reaction was not overly intense. These unusual 

emotional reactions and behaviors can occur in both positively- and negatively valanced situations. 
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For instance, an employee with ADHD may receive the same level of criticism for their work as a 

non-ADHD colleague and both may experience the same initial level of upset and anger. However, 

whilst the non-ADHD colleague is able to engage self-regulatory mechanisms (e.g., reappraising the 

feedback) to self-soothe, the ADHD employee may have difficulty doing so.  

EI and poor self-regulatory mechanisms may come from deficits in similar neurobiological 

circuits although they are distinct yet interacting dimensions (Schreiber, Grant & Odlaug, 2012). 

Following Barkley’s two-dimensional model as an organizing framework, Faraone and colleagues 

(2019) present four ADHD prototypes depicting the way that EI and deficient self-regulation can 

interact at three key stages of the emotion regulation process; (1) the emotion generation 

stage/baseline, (2) peak stages of emotional intensity and (3) the recovery stage. Model 1 depicts an 

ADHD individual with typical levels of emotion regulation and low EI. In an emotionally evocative 

situation, their subjective state and behavior are synchronized and therefore, gradually change and 

peak together (Stages 1 and 2). Following this, emotion self-regulatory skills effectively return the 

subjective emotion and the behavior to baseline (Stage 3). Model 2 depicts an ADHD individual with 

high EI and deficient self-regulation. In this scenario, emotional reactivity is induced at lower-than-

normal thresholds due to high EI. This causes a steep and fast rise in emotional intensity. At phase 2, 

poor self-regulatory skills fail to reduce the intensity of the behavioral response leading to excessive 

emotionality. At stage 3, high emotionality and poor self-regulation skills both lead to a prolonged 

return to baseline.  

Model 3 depicts an ADHD prototype who does not display EI but exhibits deficient self-

regulation. For this individual, initial emotion generation rises slowly to high levels (Stage 1). 

Deficient self-regulatory mechanisms prolong the subjective emotion, leading to maladaptive 

thoughts and behaviours (e.g., rumination and avoidance) to intensify over time (Stage 3). Finally in 

Model 4, the ADHD prototype has high EI but adequate regulation skills, in other words, they are 
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prone to emotional lability. In this example, EI triggers emotions at very low thresholds and the 

intensity rises rapidly (Stage 1). Effective self-regulation skills shorten the peak duration of the 

emotion (Stage 2) and return the subjective emotionality and behavioral response to baseline (Stage 

3). Yet, the high EI makes it more likely that the individual will experience another episode of intense 

emotion subsequently. Together, these models capture normal as well as abnormal trajectories, 

reflecting the heterogeneity of ED that is typically found across ADHD individuals (Faraone et al., 

2019). Faraone and colleagues also hypothesize that Models 2 and 4 may be more prominent in the 

hyperactive/impulsive and combined presentations given the emphasis on impulsivity. 

1.5. Theoretical Frameworks for the ADHD-ED Association.  

Based on the above discussion and frameworks illustrating how ED may emerge in ADHD, it 

is obvious that the types of top-down control deficits that underlie deficient emotion regulation map 

onto a set of deficits that also underlie the broader ADHD phenotype. In particular, poor self-

regulation and disinhibition are both considered integral to ADHD (Barkley, 1997) and associated 

functional impairments (Oddo, 2015; Roselló et al., 2020). Hence, it is proposed that the frequent 

connection between ED and ADHD may be attributed to a similar or at least partly overlapping set of 

neurocognitive functions. Shaw and colleagues (2014) propose three models illustrating how 

neurocognitive functions can be factored into the relationship between ED and ADHD. The first 

model posits that ED may be a core and defining feature of ADHD alongside inattention, 

hyperactivity and impulsivity. This model reflects Barkley’s (1997) influential theory stipulating that a 

core deficit in inhibitory control causes both ED and ADHD symptoms. This model however has its 

limitations for not taking into account that the presentation of ADHD-related ED is heterogeneous and 

that not every individual with ADHD has impairing levels of difficulties in the emotional domain 

(Beheshti et al., 2020). Moreover, it fails to recognize that poor behavioral inhibition is moderately 
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rather than perfectly related to ADHD symptoms (Melnick & Hinshaw, 2000; Walcott & Landau, 

2004; Mostert et al., 2017).  

The second model proposed by Shaw and colleagues (2014) considers the combination of 

ADHD + ED as representing a qualitatively different entity to pure ADHD. This model implies this 

ADHD + ED combination has a distinct neurocognitive etiology with a distinctive clinical course. 

This view is supported by research showing that ADHD co-occurring with ED may represent a more 

severe form of ADHD, with a higher symptom load and a poorer outcome than ADHD-I and ADHD-

HI presentations of ADHD (Corbisiero et al., 2017; Shaw et al., 2014; Hirsch et al., 2019). There is 

also evidence of ED being particularly elevated in siblings of adult patients presenting with a 

combination of ADHD and high ED implying a genetic component (Retz, et al., 2012; Surman et al., 

2011). This is, however, a tentative conclusion since shared environmental and psychosocial factors 

may also explain the reason why siblings of those affected with ADHD also have poor emotion 

regulation skills (Surman et al., 2011).  

The third model posits that neural pathways underlying both ADHD and ED are independent 

but interact, thus explaining the heterogeneous presentation of ADHD (Nigg, Willcutt, Doyle & 

Sonuga-Barke, 2005; Mostert et al., 2017). This position is consistent with more widely accepted 

multiple pathway theories of ADHD which include the dual pathway models of ADHD (Sonuga-

Barke, 2003), neurophysiologic models of ADHD which stipulate about the role of bottom-up/Hot EF 

processes and top-down/cool EF processes (Barkley, 1997; Matthews et al., 2012) and integrative 

theories of ADHD (Nigg & Casey, 2005).  A brief overview of each of these theories is provided next. 

1.5.1. The multiple pathway models of ADHD 

There have been several multiple pathway models that have been put forward to account for 

the various deficits that individuals with ADHD manifest with. For instance, Castellanos and Tannock 

(2002) proposed that the pathogenesis of ADHD may be attributed to three cognitive endophenotypes; 
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(a) EF deficits (which includes amongst other domains, inhibition), (b) poor temporal processing 

reflected in high intra-subject inter-trial variability and, c) an anomaly in the reward circuitry that 

leads to shortened delay gradients. They further posited about specific brain abnormalities that may 

drive these deficits. Specifically, problems with reward and delay processing were attributed to striatal 

abnormalities, alterations in dopamine transporter density and expression and, reduced cerebellar 

vermis volume. Castellanos and Tannock further proposed that poor temporal processing may be 

linked to cerebellar dysfunctions, changes in catechol-O-methyltransferase in the prefrontal regions 

and striatal abnormalities. Poor working memory was attributed to dopaminergic abnormalities in 

prefrontal regions. 

A similar but more parsimonious theory of ADHD, namely the dual pathway model (Sonuga-

Barke, 2003) was later proposed and considered ADHD as a disorder of dysregulated thought, 

behavior (Barkley, 1997) and cognitive-energetic states (Sergeant 2000; 2005). According to this 

theory, ADHD-related dysregulation stems from deficits in a ventral reward pathway and a dorsal 

executive pathway and (Sonuga-Barke, 2003). The ventral pathway is attributed to the meso-limbic 

dopamine branch and is believed to underlie symptoms of delay aversion in ADHD (Sonuga-Barke, 

2003). In this view, ADHD reflects a motivational style characterized by a hypersensitivity to delay 

which leads to difficulties waiting for desired outcomes as well as planning their behavior over time. 

Conversely, disruption of the dorsal pathway in ADHD is proposed to hinder the modification of 

thoughts, actions and feelings in line with societal expectations (Sonuga-Barke, 2003). These 

cognitive control processes, or executive functions (EF), include inter-related but distinct domains 

such as attention, working memory, response inhibition and set shifting (Miyake, et al., 2011; Miyake 

& Friedman, 2012). Working memory refers to a capacity-limited cognitive system which facilitates 

the storage, maintenance and manipulation of incoming information to guide behavior (Baddeley, 

1996). Inhibition refers to an individual’s ability to suppress inappropriate response tendencies that 
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have been inadvertently activated or to subdue ongoing behavioural responses (Adams, Derefinko, 

Milich & Fillmore, 2008). Set-shifting denotes the flexible switching of attention from one task or to 

another (Miyake & Friedman, 2012). The dual pathway model further predicts that these functions, 

particularly inhibition is linked to the meso-cortical dopamine branch. Inhibitory control is most 

relevant according to the dual-pathway model as it allows the individual to adapt to environmental 

changes and engage in learning, planning and making decision. The dual pathway model is akin to 

more widely-accepted and well-researched neurophysiological models of cognitive dysfunctions 

which stipulate about two main types of distinct but interrelated deficits in ADHD, namely bottom-up 

and top-down processes (Shaw et al., 2014). 

1.5.1.1. Neurophysiological Models of ADHD 
Bottom-up and top-down processes encompass the “hot” and “cool” EFs that are widely 

referenced in the ADHD literature (Castellanos, Sonuga-Barke, Milham & Tannock, 2006; Cubillo, 

Halari, Giampietro, Taylor & Rubia, 2011; Kappel, 2015; Yarmalovsky et al., 2017; Zelazo & 

Carlson, 2012). Top-down cognitive processes comprise of cool EF and are mediated by the dorsal 

executive pathway (Sonuga-Barke, 2003). In contrast, bottom-up, motivational and reward/incentive 

responses map onto Sonuga-Barke’s hypothesised ventral reward pathway (Sonuga-Barke, 2003). 

Bottom-up processes are related to both cold and hot EFs although given their affective component, 

they have more of an impact on hot compared to cold EFs. The hot executive network promotes self-

regulation, emotion perception and reward-related decision-making. Whilst research clarifying the 

core neural pathways that lead to ADHD is currently underway, there is empirical evidence supporting 

both bottom-up and top-down processes. This evidence is reviewed next.  

1.5.1.1.1. Bottom-up processes (sensory/reward theories). There is currently mounting 

evidence that faulty bottom-up processes in ADHD may be associated with reduced activation of the 

ventromedial prefrontal cortex (vmPFC) (which includes the orbitofrontal cortex) and striato-limbic 
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regions (Rubia, 2018). From a neuropsychological perspective, under-activation of the ventral 

striatum has been consistently demonstrated during tasks that entail anticipating rewards (see meta-

analysis by Plitcha & Scheres, 2014). It is presumed, based on these results, that individuals with 

ADHD may lack the temporal foresight required to hold off an immediate response to a smaller 

reward at the expense of a delayed but larger reward – a behavior pattern which may be linked to 

impaired dopamine signaling (Rubia, 2018). Furthermore, activation of the orbitofrontal cortex (OFC) 

has also been shown to be abnormal during conditions of reward delivery, with some studies showing 

underactivation (e.g., Cubillo et al., 2012; Dibbets, Evers, Hurks, Marchetta & Jolles, 2009) whilst 

others have demonstrated over-activation (e.g., Strohle et al., 2011). Reflecting this abnormal 

processing of rewards in ADHD, it has also been found that anticipation of waiting times in this 

population is concomitant with activation of the anterior insula, the temporal pole, the DLPFC, the 

mdPFC and bilateral amygdala (Van Dessel et al., 2018).  

The role of bottom-up processes in relation to emotional processing more specifically has also 

gained attention in the ADHD literature. Generally speaking, two key processes are believed to be 

involved in bottom-up emotional processing, including early orientation of attention towards 

emotionally evocative stimuli and the evaluation of the rewarding value of those stimuli (Shaw et al., 

2014). As such, early in the emotion regulation process, posterior attention systems must facilitate the 

detection of emotionally salient information and signal that some form of modulation is needed. 

Research indicates that individuals with ADHD are impaired in these processes. They may for 

instance, have difficulty detecting and recognizing emotions on faces, both of which are generally 

considered important precursors to emotion regulation (Airdrie, Langley, Thapar, van Goozen, 2018; 

Tehrani-Doost et al., 2017). Moreover, in a study of event-related potentials (ERPs), Hermann and 

colleagues (2009) compared the early posterior negativity values (PNV) to positive, negative and 

neutral images in 32 ADHD participants and 32 controls. The ADHD group showed less reactivity (as 
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indicated by significantly reduced PNV) to positive but not negative or neutral visual information 

(Hermann et al., 2009).  ADHD participants have also been shown to exhibit reduced attenuation of 

the startle response when viewing positive pictures but not when viewing negative images 

(Conzelmann et al., 2009). Together, these results indicated that individuals with ADHD may have a 

propensity to over-process negatively valenced information. Functional imaging resonance imaging 

(fMRI) has also linked abnormal processing of emotional information in ADHD to increased 

reactivity of the mPFC (Posner et al., 2011).  

The amygdala has consistently been shown to play a central role in emotion processing 

deficits in ADHD (Herrmann, Biehl, Jacob & Deckert, 2010; Hoogman et al., 2017) with evidence 

indicating disrupted dopamine release and turnover in this brain structure (Hermann et al., 2009). In 

particular, a dysregulated connection between superficial amygdala regions and OFC has been found 

in ADHD individuals, thus hindering the evaluation of emotional outcomes (Christiansen et al., 2019). 

Furthermore, poor functioning of the amygdala in ADHD may also be responsible for poor 

modulation of negatively-valenced emotional stimuli and may dampen the orientation of visual 

attention in emotionally evocative situations (Christiansen et al., 2019). In another study involving the 

subliminal presentation of fearful faces, Posner and colleagues (2011) identified right amygdala 

hyper-activation in ADHD participants as well as abnormal connectivity between the amygdala and 

lateral prefrontal cortex (LPFC) implicating impulsive responding.  

 Together, the above research studies indicate that ADHD is marked by poor recognition of 

emotions, early over-processing (or hyper-focusing) of negatively-valenced information, as well as 

intense and impulsive reactions to negative emotions (Posner et al., 2011). This type of impulsive 

response may reflect a characteristic preference for smaller, more immediate rewards (i.e., alleviating 

the intense emotions) over delayed, larger and more preferable rewards (i.e., forming a more 

considered response) has also been found in ADHD (Shaw et al., 2014). This abnormal processing 
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and evaluation of rewards may reflect anomalies in bottom-up/hot EFs which are in turn associated 

with the orbitofrontal and ventromedial regions of the prefrontal cortex, the amygdala and the limbic 

regions (such as the ventral striatum) which are crucial to processing emotions (Phan, Wager, Taylor 

& Liberzon, 2004; Plitcha et al., 2009). Thus, activity in the amygdala, limbic regions and areas of the 

prefrontal cortex may serve vital roles in bottom-up processing in ADHD via their effects on 

attention. The hot executive network promotes self-regulation, emotion perception and reward-related 

decision-making. Evidence suggests hot EF deficits and problems with emotion regulation are 

associated with symptoms of hyperactivity and impulsivity and should therefore be more common in 

ADHD-C and ADHD-HI presentations of ADHD (Maedgen & Carlson, 2000; Conzelmann et al., 

2009). Notably, there is also emerging evidence that ED in ADHD is likely a by-product of poor top-

down processes (comprising so called cool EFs) over enhanced bottom-up emotional reactivity 

leading to dishinbited and aggressive behaviours (Barkley & Fischer, 2010; Shaw et al., 2014). The 

evidence for deficits in top-down processes ensues. 

1.5.1.1.2. Top-down (executive) processes. That ADHD is associated with dysfunction of 

top-down executive control (otherwise known as cool EFs as mentioned above) has become firmly 

established over the years (Mostert et al., 2017; Rubia, 2018). Barkley’s (1997) influential unifying 

theory held that ADHD arises due to a core deficit in inhibitory control, reflected in poor suppression 

of pre-potent behavioral responses, failure to stop an ongoing response despite being given corrective 

feedback and poor interference control. From these inhibitory deficits emanate a number of secondary 

impairments in (i) working memory, (ii) self-directed speech, (iii) self-regulation of affect, motivation 

and arousal, (iv) reconstitution and (v) control and sequencing of motor behaviour. Barkley’s (1997) 

model has been the catalyst for much research focusing on inhibition as a core deficit in ADHD. 

There is a wealth of evidence showing that poor inhibition is indeed an important top-down executive 

control function which is impaired in ADHD.  
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Inhibition.  One of the most consistent findings from fMRI studies of children is that of under-

activation of the inferior fronto-striatal networks in ADHD occurs during tasks eliciting motor 

response inhibition and interference control (Aron & Poldrack, 2006; Aron, Behrens, Smith, Frank & 

Poldrack, 2007; Cubillo et al., 2012; Cubillo, Halari, Smith, Taylor & Rubia, 2012; Dickstein, 

Bannon, Castellanos & Milham, 2006; Epstein et al., 2007; Swick, Ashley & Turken, 2011). 

Extending on those findings, other research has demonstrated more widespread dysfunction involving 

regions (i.e., basal ganglia and frontal, cingulate and orbitofrontal regions) associated with the fronto-

parietal, fronto-limbic and fronto-cerebellar networks (Arnsten & Rubia, 2012; Rubia et al., 2014). 

More specific regions tapping into these networks during inhibition tasks have been identified. For 

instance, in a meta-analysis of 21 fMRI studies (7 adult studies and 14 pediatric studies) of cognitive 

and motor inhibition, it was found that ADHD participants displayed a characteristic under-activation 

of right inferior PFC, the anterior insula, anterior cingulate cortex (ACC), left striatum and right 

thalamus (Hart, Radua, Mataix-Cols and Rubia, 2013). Furthermore, some regional specialization was 

also detected depending on which component of inhibition (e.g., motor inhibition versus interference 

control) was tested. Of note, reduced activation in the left ACC was more prominent for tasks tapping 

into interference control (Hart et al., 2013). Conversely, more pronounced reductions in activation 

were found in the right hemisphere SMA on tasks tapping into motor inhibition (Hart et al., 2013).  

Differences have also been found depending on the types of tasks administered. For instance, 

ADHD patients displayed reduced activation predominantly in the left medial frontal cortex/ACC 

during Go/GoNo tasks as opposed to Stop tasks (Hart et al., 2013).  This was supported subsequently 

by another meta-analysis of fMRI studies which, however, also showed underactivation in the right 

caudate, left thalamus, left IFC and bilateral DLPFC as well as enhanced activation of bilateral 

ventrolateral PFC and the occipital cortex during Go/NoGo (Lei et al., 2015). Furthermore, under-

activation of the of the left IFC, superior frontal cortex, ACC, bilateral temporo-parietal regions has 
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been shown to be concomitant with stop task performance in ADHD adolescents and their unaffected 

siblings indicating familial transmission of inhibitory deficits (van Rooij et al., 2015). In addition to 

evidence of abnormal brain activation during tasks measuring motor inhibition and response 

interference more purely, there is also data showing underactivation when it comes to cognitive 

control. For instance, a meta-analysis of 40 fMRI studies conducted in adolescents indicated poor 

activation of the bilateral IFC/anterior insula, striatum, putamen, globus pallidum, SMA and superior 

temporal lobe during tasks of cognitive control and response inhibition (Norman et al., 2016). These 

findings have been replicated more recently (Lukito et al., 2020). 

In summary, there is ample meta-analytical evidence that inhibitory deficits are associated 

with underactivation of bilateral IFC, MFC, ACC, SMA, striato-thalamic regions and possibly even, 

the DLPFC. Nonetheless, it is important to consider that much of the research described above is 

largely biased towards pediatric samples. Indeed, Congdon and colleagues (2014) who assessed the 

neural correlates of inhibition in a larger sample of 97 adults (35 with ADHD and 62 without ADHD) 

using fMRI showed that inhibitory deficits persist but only in some and not all adults with ADHD. 

Furthermore, in a meta-analysis of 13 studies examining neuropsychological deficits in adults with 

ADHD, Boonstra, Oosterlaan, Sergeant and Buitelaar (2005) were unable to conclude that adults with 

ADHD are poorer at inhibiting pre-potent responses compared to controls. Their results suggested that 

ADHD adults performed worse in all three conditions of the Stroop tasks including the Color Word 

card (which assesses interference control). However, the effect size for performance differences on the 

Color Word card was no longer significant when controlling for performance on the Color card 

(which relies on color naming). Supporting these findings, some individual neuroimaging research has 

also shown no differences in brain activation between ADHD adults and non-ADHD adults during 

tasks of inhibition (e.g., Carmona et al., 2012; Dillo et al., 2010; Dibbets et al., 2009). This implies 

that poor inhibition does not sufficiently explain all ADHD-related symptoms in adults. In fact, the 
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assumption that the disorder stems from one core deficit in inhibition has now been challenged by 

evidence that individuals with ADHD are impaired in other top-down/cool EF processes including 

working memory and attention (e.g., sustained attention, response variability) (Boonstra et al., 2005; 

Mostert et al., 2017; Pievsky & McGrath, 2018; Samea et al., 2019; Willcutt et al., 2005; Willcutt, 

Sonuga-Barke, Nigg & Sergeant., 2008). The literature pertaining to working memory and attention is 

reviewed next. 

  Working memory. It is well-established that working memory is frequently impaired in 

ADHD. For instance, a meta-analysis of fMRI studies focusing on N-back tasks sought to identify 

differences in patterns of neural functions in 111 ADHD participants compared to 113 controls 

(McCarthy, Skokauskas & Frodl, 2014). Results showed that ADHD displayed less activity than non-

ADHD counterparts in the bilateral superior frontal gyri and the left medial frontal gyrus during the n-

back tasks (McCarthy et al., 2014). In another study investigating the neural correlates of visuospatial 

working memory in ADHD, it was found that both adults and children with the disorder ((n = 109) 

had greater difficulty recruiting left inferior frontal brain regions in an efficient and sufficient manner 

compared to controls (n = 103), and this occurred at various task loads ranging from low to high (van 

Ewijk et al., 2015). Specifically, increased working memory load in ADHD was associated with 

greater activation of the left IFG pars opercularis and the left lateral frontal pole (van Ewijk et al., 

2015). Conversely, lower working memory load was associated with more reduced activation of the 

pars opercularis. There is also strong evidence of reduced caudate activation, particularly during 

higher load working memory tasks (Roman-Urrestarazu et al., 2016). The caudate normally supports 

pre-frontal functions, however, impairments in this region indicates poor striato-frontal functioning, 

and in turn impaired working memory functions (Roman-Urrestarazu et al., 2016). Deficits in 

working memory in adult ADHD have also been linked to decreased P3 amplitude in event-related 

potential (ERP) studies (in meta-analysis by Szuromu, Czobor, Komlosi & Bitter, 2011). Interestingly, 
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P3 amplitudes, a component considered a potential endophenotype of ADHD, have been shown in this 

body of research to worsen with age (Szuromu et al., 2011). 

Attention. The research on attentional deficits in ADHD is well-established. One of the most 

important pieces of evidence for impairments across several domains of attention has been provided 

in a meta-analysis of 13 fMRI studies (11 pediatric and 2 adult studies). In this research, attention 

tasks included visuospatial selection attention tasks (e.g., oddball paradigms), divided attention tasks, 

sustained attention tasks (i.e., continuous performance tasks) and flexible attention tasks (including 

mental rotation tasks). According to results, ADHD participants showed reduced activation in the 

right DLPFC, left putamen and globus pallidus, the pulvinar (right posterior thalamus) and caudate 

tail projecting into the posterior insula, the right inferior parietal lobe, the superior temporal lobe and 

the precuneus. In addition, ADHD was also associated with increased cerebellar and left cuneus 

activation, presumably in an attempt to compensate for the reductions in the posterior DLPFC-

cerebellar attention network (Hart et al., 2013).  

Bringing the literature together, it is clear that top-down executive dysfunction in ADHD is 

marked by domain-dissociated deficits in the fronto-striatal, fronto-temporo-parietal and fronto-

cerebellar networks (Cubillo, Smith, Halari & Taylor, 2012) which in turn give rise to poor inhibition, 

attention (e.g., sustained attention) and working memory. This literature, however, is mainly based on 

neuroimaging studies, although, much in support of the functional and structural evidence for top-

down/cool EF deficits in ADHD, there is also empirical evidence that adults with the disorder perform 

poorly on neuropsychological tasks.  

1.5.1.2. Neuropsychological evidence for top-down/cool EFs in adult ADHD.  

One of the first pieces of robust evidence for neuropsychological deficits in ADHD was 

presented in a large meta-analysis of 83 studies of children and adults (Willcutt et al., 2005). 

Specifically, comparing 3,734 individuals with ADHD to 2,969 without ADHD, it was found that the 
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former performed worse on measures of response inhibition, vigilance, set shifting/perseveration, 

planning, organization, and verbal and visuospatial working memory. Together, the particular body of 

research examined in this meta-analysis demonstrated that EFs such as working memory, response 

inhibition, vigilance and planning explained the group differences best (Willcutt et al., 2005). Around 

the same time, another  meta-analysis of neurocognitive functioning in adult ADHD more specifically, 

Boonstra and colleagues (2005) found that adult ADHD was associated with poor performance on EF 

tasks such as those indexing attention control (i.e., vigilance and inattentiveness with moderate effect 

sizes of d = 0.55 and d = 0.50, respectively), verbal fluency (d = 0.62, medium effect size), response 

inhibition (d = 0.64), interference control (d = 0.89), set shifting (d = 0.65) and verbal working 

memory (d = 0.44). This meta-analysis, however, also identified impairments in a range of non-EF 

domains (i.e., reaction time, color naming and reading, visual scanning and immediate attention) 

(Boonstra et al., 2005). The findings of the two aforementioned meta-analyses were supported in a 

more recent systematic analysis of neurocognitive deficits in adult ADHD (Mostert et al., 2017). For 

instance, Mostert and colleagues identified working memory (both verbal and nonverbal) and 

sustained attention deficits as the most consistently impaired domains. Largest effect sizes for case-

control differences in neuropsychological functioning were on a measure of reaction time variability 

which indexes sustained attention on continuous performance tasks and is influenced by lapses in 

attention (Mostert et al., 2017). In line with the ventral pathway posited by Sonuga-Barke (2003), 

Mostert and colleagues (2017) also reported on accumulated evidence attesting to reward processing 

deficits as being consistently impaired in adults with ADHD.  

It is worth noting that Mostert and colleagues (2017) also examined whether timing deficits 

were present in their particular investigation of adult ADHD but failed to find any case-control 

differences in this domain. These were surprising findings considering that time perception deficits 

have also consistently been found in adult ADHD (Noreika, Falter & Rubia., 2013). Nonetheless, 
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Mostert and colleagues (2017) focused on time estimation tasks, which may not be as sensitive a 

measure of time perception as other measures, such as time reproduction. There is now a substantial 

body of evidence which points towards poor accuracy and substantial error (or inconsistency) on time 

reproduction tasks as potentially being an important endophenotype of ADHD (Noreika et al., 2013; 

Rommelse et al., 2008). Time perception will be discussed in further detail in a subsequent section. 

Evidently, the existing ADHD literature embraces the notion that cognitive impairments in 

ADHD span across a multitude of neuropsychological domains, including those pertaining to 

executive top-down control/cool EFs such as working memory, attentional control and inhibitory 

control (Castellanos & Tannock, 2002; Boonstra et al., 2005; Willcutt et al., 2005; Castellanos, et al., 

2006; Sonuga-Barke, 2003; Mostert et al., 2017; Samea et al., 2019). There is also structural and 

functional MRI evidence that neurobiological abnormalities may be associated with these 

neurocognitive impairments, (Samea et al., 2019). However, effect sizes for these associations tend to 

be small to moderate (Samea et al., 2019). Furthermore, it should be acknowledged that a meta-

analysis by Samea and colleagues (2019) demonstrated that there is no convergence regarding the 

neurobiological aberrations that may underlie the cognitive/neuropsychological deficits seen in 

ADHD. Furthermore, this research has found that ADHD is a multi-faceted and multi-factorial 

disorder which affects several functional and behavioural domains. Hence, it is unlikely that there are 

specific neurobiological and regional abnormalities that tap exclusively into particular functional and 

behavioural deficits in ADHD. Instead, based on the evidence, an emerging view is that ADHD is a 

disorder of dysconnectivity whereby the cognitive and affective deficits manifested by ADHD 

individuals may be related to impaired communication and integration amongst widespread brain 

regions and networks (Samea et al., 2019). 
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1.5.4. Towards integrative theories of cognitive control and emotion regulation. 

Integrative theories of ADHD propose that better understanding of the complex nature of 

ADHD involves considering bottom-up emotional processes in ADHD alongside top-down cognitive 

control (Nigg & Casey, 2005). In particular, Nigg and Casey’s integrative theory of ADHD 

hypothesizes that patients suffer significant problems with cognitive control, and these are in turn 

related to affective problems. According to this theory, cognitive control deficits arise due to 

dysfunctions in the fronto-striatal and frontoneocerebellar circuits whilst affective problems are 

related to dysfunctions in the fronto-amygdala circuit. Here, the fronto-striatal (involving 

oculomotor/motor, prefrontal and limbic circuits) and frontocerebellar (basal ganglia and cerebellum) 

loops are described together as they share important characteristics. Specifically, the cerebellum and 

the basal ganglia both project to the prefrontal regions via the thalamus. The primary neurotransmitter 

in both cerebellum and the basal ganglia is Ƴ-aminobutyric acid (GABA) which has inhibitory 

functions. Glutamate is found in the prefrontal cortex and the thalamus and has excitatory functions. 

Dopamine is a key neuromodulator of both these circuits but its processing in ADHD is significantly 

altered (Nigg & Casey, 2005). According to Nigg and Casey’s review, neurobiological evidence 

suggests that the fronto-striatal and frontoneocerebellar circuits each subserve specific functions. The 

fronto-striatal circuit (referred to as the ‘what’ circuit) is linked to maintenance of ongoing 

information online, orientation towards new information and behavioural adjustment as well as the 

suppression of non-goal directed behaviour. The frontoneocerebellar circuit however (referred to as 

the ‘when’ circuit) is involved in monitoring the relative frequency and timing of events and therefore 

helps predict when a behaviour should change in a dynamic or rapidly evolving situation. The 

interaction of these two main networks may manifest as: poor sustained attention, poor maintenance 

of a behavioural set, slow or erratic responses in contexts eliciting rapid decision-making and, 
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problems shifting from one response set to another to adapt to the evolving situation (Nigg & Casey, 

2005).  

The fronto-amygdala loop has been linked to motivational and emotion processing deficits in 

ADHD (Nigg & Casey, 2005). In particular, this system comprises the amygdala, the PFC, the 

anterior cingulate cortex (ACC), the ventral striatum (or nucleus accumbens) and the insula (Nigg & 

Casey, 2005). The amygdala, as mentioned earlier, is linked to avoidance behaviour whilst the nucleus 

accumbens promotes approach behaviour. The prefrontal cortex projects to both these subcortical 

regions thus exerting top-down regulation on emotional processes (Matthews et al., 2012). Moreover, 

dysregulated dopaminergic projections on the basal ganglia may also have a direct effect on reward 

anticipation. When integrating all three pathways, namely the fronto-striatal, frontoneocerebellar and 

the fronto-amygdala loops, it can be deduced that ED in ADHD may reflect an inability to recruit 

executive control/top-down cognitive control functions to modify or delay an initial emotional 

response to engage in more adaptive and goal-directed behaviour (Matthews et al., 2012).  

In sum, some domains of top-down cognitive control such as working memory, inhibition and 

attention (e.g., sustained attention and inattentiveness) may be involved, at least to some extent, in the 

relationship between adult ADHD and ED. The role of working memory and attention in the 

association between ED and ADHD can be understood within Baddeley and Hitch’s popular working 

memory model (Baddeley & Hitch, 1974; Baddeley, 2000). This model posits that working memory 

consists of four main components namely; a phonological loop which facilitates the maintenance and 

processing of acoustic and verbal information in short term memory; a visuospatial sketchpad which 

temporarily holds incoming visual, spatial and possibly even kinesthetic information, a central 

executive which controls the streaming of information to and from the phonological loop and the 

visuospatial sketchpad and; an episodic buffer which links and integrates units of visuospatial and 

verbal information into a coherent whole. In line with this model, emotion regulation relies on the 
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central executive controlling attention and regulating the storing of information pertaining to the 

emotional event, in the visual or acoustic/verbal stores (i.e., visuospatial sketchpad and phonological 

loop) (Jensen et al., 2018). The episodic buffer then integrates this information. As such, properly 

functioning working memory can help the individual modulate an emotional reaction by incorporating 

situational expectancies in their evaluations of the situation (Jensen et al., 2018). For instance, they 

could downregulate their initial emotional reaction by reappraising the meaning and relevance of the 

emotional event. Deficits in working memory, however, would impact on proper processing and 

reappraising of emotional information. It is also proposed that working memory aids in the processing 

of emotionally charged information in the face of concurrent and distracting information (Rush, 

2014). Inhibitory control arguably influences emotion regulation given that, it may be required to 

deliberately suppress or interrupt any cognitive, emotional and/or behavioral responses in emotional 

situations (Coutinho et al., 2018). 

It is important to note that neurocognitive deficits are not uniformly seen in all adults with 

ADHD and the neuropsychological profile of ADHD is in fact as heterogeneous as that of individuals 

who do not have ADHD (Mostert et al., 2017; Samea et al., 2019; Willcutt et al., 2005). Furthermore, 

some patients with ADHD perform within the normal range on neuropsychological tasks and this 

holds true regardless of medication status and regardless of the presence of comorbid disorders 

(Mostert et al., 2015. In relation to the aforementioned notions, Mostert and colleagues determined 

that although measures from those distinct cognitive domains collectively accounted for significant 

variance in ADHD, they still did not predict diagnostic status. In their sample (i.e., 133 ADHD 

patients and 132 healthy controls), Mostert and colleagues (2017) also found that approximately 11% 

of ADHD participants did not display any deficient scores on measures of neurocognitive functioning. 

In a recent study of 61 adults with ADHD and 54 controls, results demonstrated that less than 30% of 

adults with ADHD demonstrated severe or moderate impairments in EFs such as inhibition, working 
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memory, planning and self-regulation (Rosello, Berenguer, Raga, Baixauli & Miranda, 2020). Hence, 

it seems unlikely that executive control functions by themselves would explain ED in this population. 

Examining other cognitive mechanisms that may contribute towards the deficits in emotion regulation 

seen in adults with ADHD is particularly important.   

1.6. Timing and Time Perception 

Timing skills are an important parameter allowing the adaptive execution of behavior in 

everyday situations. Humans are equipped with three types of timing functions; motor timing (which 

allows for adjustment of behavior in relation to internally and externally imposed timeframes), time 

perception or perceptual timing (which refers to the ability to estimate, discriminate and perceive time 

intervals) and temporal foresight (which supports consideration of future outcomes of present 

behaviours and choices) (Noreika et al., 2013). Time perception in particular has garnered much 

interest in the fields of cognitive psychology and neurology since the late 1800s when it was first 

described by William James. Essentially, ‘time’ is a mental and biological construct that is inherent to 

most living organisms. The ability to perceive time is an indispensable cognitive function which 

allows us make sense of the temporal order of events and generate adaptive and organized responses 

to environmental stimuli (Mella, Conty & Pouthas, 2011; Wittman & Paulus, 2008). Behaviors that 

are executed on a daily basis and decisions that are made are based on the experience of time’s 

passage and of expected durations (Wittman & Paulus, 2008). In everyday situations, individuals must 

perceive and estimate the passing of time, adjust their behavior to specific timeframes and consider 

the likely future consequences of current behavior (Noreika et al., 2013). As such, time perception is 

intimately related with executive functions which requires the ability to organize and plan future 

behavior (Weissenberger, Klicperova-Baker, Vnukova, Raboch & Ptácek, 2019). 
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Intriguingly, unlike other perceptual systems such as that for sight and hearing which rely on 

sensory organs such as eyes and ears, the ability to perceive time does not have a dedicated sensory 

organ. Instead, psychological research identifies a range of cognitive functions as being involved in 

judgements of time and duration, including attention, working memory and long-term memory 

(Pouthas & Perbal, 2004; Wittman, 2009). Emotional and motivational states, moods, emotions and 

personality factors also modulate the processing of duration (Wittner, 2009). For instance, when one is 

bored (e.g., waiting for the time to the end of a boring talk), time seems to go slowly, and its 

associated duration is perceived as being long. Conversely, when one is engaged in a pleasant activity, 

time seems to speed up and the duration of the event is perceived as being shorter than it objectively 

is. Hence, one’s sense of time at any given moment is the by-product of an intricate interplay between 

momentary changes in mood and specific cognitive functions.  

Whilst aforementioned psychological factors may drive variations in how individuals perceive 

durations, they cannot explain the core mechanism that influences the perception of time. Instead, it 

has been argued that a specific timing mechanism that operates at the neural level may bring about 

pure and accurate perception of time (i.e., perception that is unaffected by psychological factors). The 

most well-known and researched timing paradigms are those based on the scalar-timing model 

(Church, 1984; Gibbon, 1991) such as the “attentional gate theory” (AGT) (Zackay & Block, 1996). 

In a nutshell, this theory proposes that the perception and discrimination of durations is facilitated by 

the interplay of neural mechanisms that are analogous to an internal clock, memory stores and a 

decision mechanism (Church, 1984; Gibbon, 1991; Zackay & Block, 1996). The internal clock 

comprises a pacemaker, a switch and an accumulator. The pacemaker emits a series of time pulses 

over a specific timespan and at a frequent rate. When the individual perceives or starts paying 

attention to an external event, this signals the beginning of the time period. From this point, the switch 

opens and an accumulator starts to receive and hold the time pulses representing the event. When the 
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event ends, or is no longer perceived, the switch closes. The total number of time pulses that are 

recorded over the given period of time represents the duration that has been experienced. These 

accumulated time pulses are held temporarily within working memory where they are compared to 

stored representations of past durations in reference memory. This comparison is also what allows the 

individual to intentionally verbalise the duration that has elapsed in temporal terms such as seconds, 

minutes, hours, and so on (Wittman & Paulus, 2008). The AGT emphasises that attention plays an 

important role in determining the number of pulses that are accumulated by the internal clock. 

Specifically, attention controls the gate; when one pays attention to time, more time pulses flow 

through the gate and the duration of the event is judged as being long. Conversely, when one is 

required to attend to a non-temporal task, the switch is closed thus hindering accumulation of time 

pulses. In this instance, duration is perceived as short (Zackay & Block, 1996).  

1.6.1. Time Perception and ADHD 

Individuals with ADHD tend to have substantial difficulties with timing in general, including 

with their subjective perception of time (Noreika et al., 2013).Related to this, those with ADHD can 

frequently be found to struggle to act within appropriate timeframes (Marx et al., 2017) and in fact, as 

remarked by Marx and colleagues (2017), several items on the DSM may reflect these issues with 

timing (e.g., ‘Often blurts out an answer before a question has been completed’, ‘Often has trouble 

waiting their turn’, ‘Often has trouble organizing tasks and activities’, etc. (APA, 2013)). Given the 

close association between executive functions and ADHD, some argue that ADHD symptomology 

could in fact reflect a core deficit in timing (Castellanos & Tannock, 2002; Ptácek et al., 2019; 

Weissenberger et al., 2019).  

Indeed, deficits in timing in ADHD are becoming increasingly clear to both clinicians and 

researchers alike and there is an abundance of research attesting to the existence of timing deficits in 

both children and adults with ADHD (Noreika, et al., 2013). To begin with, the neurological 
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underpinnings of time perception and ADHD have also been shown to be intertwined. Reductions in 

grey matter in the cerebellum as well as structural deficits in the basal ganglia and prefrontal cortex 

have been found in both ADHD and timing deficits (Ptácek et al., 2019; Weissenberger et al., 2019) 

and dopaminergic dysfunction has also been associated with both time deficits and ADHD traits. In 

addition, a meta-analysis of 11 fMRI studies of timing functions in ADHD (9 pediatric and 2 adult) 

indicate functional deficits in several areas known to mediate timing functions (Hart, Radua, Mataix-

Cols & Rubia, 2012). In essence, Hart and colleagues (2012) noted that during timing tasks, ADHD 

participants consistently displayed reduced activation of a left-hemispheric network comprising the (i) 

left IFC and insula, two regions believed to represent the accumulator in the internal clock model and 

to be involved in motor timing and time perception tasks and (ii) the inferior parietal cortex and 

cerebellum, two key regions posited to have a role in making temporal predictions during motor 

timing and time perception tasks (Hart et al., 2012). As well as under-activation in these regions, Hart 

and colleagues also noted that when compared to neuro-typical counterparts, ADHD participants 

displayed enhanced activation of the precuneus and posterior cingulate, presumably indicative of 

problems with activating the default mode network.  

Also noteworthy is that whilst timing deficits in ADHD assumed left hemispheric laterality, 

deficits in the other cognitive functions reviewed earlier, namely working memory, attention and 

inhibition reflect network deficits in the right hemisphere (Cubillo et al., 2012; Hart et al., 2012; 

Wiener et al., 2010a; Wiener et al., 2010b). In other words, timing deficits in ADHD are attributable 

to an impaired left-hemispheric fronto-parieto-cerebellar neural network that is distinguishable from 

the impaired right hemispheric fronto-strital and fronto-parietal networks associated to deficits in 

working memory, attention and inhibitory control (Hart et al., 2012).  

Neurocognitive research supports the literature on the structural and functional deficits in 

regions underlying timing. Research in this area encompasses all three types of timing deficits in 
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ADHD, namely motor timing, perceptual timing and temporal foresight (see Noreika et al., 2013 for a 

comprehensive review). However, one of the most well-researched timing domains in the field of 

ADHD which also produces the most consistent results is perceptual timing or time perception.  Time 

perception in ADHD has been examined using various types timing paradigms including time 

discrimination, temporal estimation, duration production and duration reproduction (Noreika et al., 

2013). In duration discrimination tasks, participants are instructed to compare the relative duration of 

two intervals that are presented in sequence and to differentiate between them (e.g., by stating which 

one was shorter or longer or whether the standard interval was shorter/longer than the comparison 

interval) (Mioni, Stablum, McClintock & Grondin, 2014).  Time estimation tasks involve presenting 

participants with a sensory stimulus for a specific duration and getting them to report the length of 

that duration, usually verbally. Time production tasks require participants to produce a duration that 

was indicated to them either visually or verbally (Mioni et al., 2014). Lastly, time reproduction tasks 

entail the presentation of a stimulus (visual or verbal) for specific durations (usually for seconds or 

minutes) and asking participants to replicate or reproduce these durations by button press.  

There is consistent and overwhelming evidence that people with ADHD are impaired on the 

aforementioned tasks. For instance, ADHD individuals perform significantly worse on time 

discrimination tasks than neuro-typical counterparts as seen in higher discrimination thresholds 

compared to controls (Noreika et al., 2013; Gooch, Snowling & Hulme, 2011; Himpel et al., 2009; 

Huang, et al., 2012; Marx et al., 2013; Valko et al., 2010).  These findings indicated a reduced 

sensitivity to durations in ADHD. Studies examining the performance of individuals with ADHD on 

time production and estimation tasks are far fewer than other types of tasks (Noreika et al., 2013). 

Those based on time production generally indicate that ADHD is associated with higher levels of 

error and/or under-production of time intervals (Huang et al., 2012) particularly on longer time 

intervals than shorter ones (Marx et al., 2010). These findings were made across all age-groups 
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including children and adults. Other studies, however, fail to corroborate these findings either by 

showing no group differences on production tasks (e.g., McGee et al., 2008) or by showing that even 

shorter time intervals can be under-produced (Rommelse et al., 2008; see review by Noreika et al., 

2013). Results regarding time estimation are far less clear and mostly derived from pediatric studies. 

Generally though, there seems to be a tendency for ADHD individuals to overestimate time to a 

higher extent that controls do (Barkley et al., 2001, Hurks & Hendriksen, 2010; McGee et al., 2004). 

In one study of adults with ADHD, no deficits in time estimation were found (Mostert et al., 2017). 

The bulk of the evidence with regards to timing deficits in ADHD comes from studies 

employing time reproduction paradigms. Indeed, these studies consistently find considerable 

abnormalities in the performance of ADHD individuals and this is typically marked by larger absolute 

discrepancy scores (i.e., larger magnitudes of error in the reproduction of time intervals) across the 

lifespan (Barkley et al., 2001; Barkley & Fischer, 2019; Bauermeister et al., 2005; Kerns et al., 2001; 

Marx et al., 2010; Marx et al., 2017; Valko et al., 2010).  Typically, these absolute discrepancy scores 

in ADHD increase more steeply with increasing durations than it does in controls (Hwang et al., 2010; 

Kerns et al., 2010) and this, regardless of modality of presentation (e.g., auditory versus visual) (see 

review by Noreika et al., 2013; Rommelse, Oosterlaan, Buitelaar, Faraone & Sergeant, 2007; 

Plummer & Humphrey, 2009). On the other hand, it also appears that those with ADHD generally do 

not reproduce shorter intervals (i.ee., of under 5s durations) with more error than they do longer ones 

(Barkley & Fischer, 2019; Smith et al., 2002; Toplak et al., 2003) and this is possibly due to the more 

minimal input of executive functions for shorter reproductions (e.g., working memory and attention) 

(Perbal-Hatif, 2012). Another way in which ADHD cases also display poorer performance on a time 

reproduction task may be through their accuracy, or more specifically, the direction of the time 

reproduction error (Barkley & Fischer, 2019). For instance, it has been found that both children and 

adults with ADHD tend to overestimate short time intervals and underestimate long time intervals to a 
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greater extent than controls (McInerney & Kerns, 2003). Furthermore, when reproduction accuracy is 

averaged across all trials, it can usually be seen that the average reproduction of ADHD participants is 

shorter than that of controls (see Noreika et al., 2013 for review). This characteristic shorter 

reproduction suggests a general tendency to overestimate time’s passing.  

In relation to the scalar timing theory, duration under-reproduction in ADHD has been linked 

with an enhanced internal clock causing faster reproduction (Noreika et al., 2013). Indeed, 

phenomenological observations of individuals with ADHD has led to the hypothesis that they may 

constantly perceive time as slipping by and this in turn results into inattention and impulsivity (Mate, 

1999; Noreika et al., 2013). Moreover, motivational factors and an aversion to delay have also been 

theorized to play a fast in this faster reproduction given that ADHD participants may be motivated to 

end a reproduction sooner (Noreika et al., 2013).  In everyday life, a disturbed sense of time, in 

particular a tendency to overestimate time has been associated with difficulties withholding responses 

which then means that the individual is unable to bring their behaviour under the control of higher-

order executive functions such as working memory and inhibitory control (Marx et al., 2017). For 

instance, working memory is typically responsible for holding incoming information in mind to 

inform future behaviour. As such, whilst information is in working memory, a temporal dimension is 

added thus giving rise to the hindsight and forethought needed to guide behaviour (Barkley, 1997; 

Marx et al., 2017). Therefore, given that in ADHD both working memory and time perception tend to 

be impaired (Mostert et al., 2017; Noreika et al., 2013), this creates a ‘temporal myopia or time 

blindness concerning the direction of behaviour toward conjectured future events. The behaviour of 

those with ADHD is more controlled by the temporal now than by internally represented information 

pertaining to past and future’ (Barkley, 1997, p.275). In other words, due to inhibitory deficits in 

ADHD, incoming information is poorly-processed in working memory and temporal dimensions of 

this information is also poorly encoded (an explanation that is supported by a research study 
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conducted by Brown & Perreault, 2017). Consequently, timing dysfunctions occur and manifest as 

behavioural displays of impulsivity (Marx et al., 2017; Rubia et al., 2009). Given that ED comprises 

impulsive behaviour as outlined earlier and given that the process of regulating emotion appears to 

have a temporal domain, it is plausible that timing dysfunction may underlie deficits in this domain 

(ED) in ADHD patients. To my knowledge, the direct role of time perception on ED remains 

unexplored in the context of ADHD. Given the clear need to elucidate the cognitive mechanisms 

underlying ED in ADHD, this thesis examines whether time perception may be implicated in the 

association between ADHD and ED.  

1.7. Summary and Research Questions 

As outlined in this introductory section, recognition that ADHD symptoms can be a chronic 

disorder rather than one limited to childhood, has only gained acceptance over the past 40 years or so. 

Moreover, there is some emerging evidence that not only can symptoms exist at sub-clinical levels in 

adults but some individuals may also have late-onset symptoms (Agnew-Blaise et al., 2016). 

Furthermore, symptoms in some adults, particularly those in the young adulthood stage of life and 

attending university may be under-recognized, assuming that intact and/or superior cognitive and 

adaptive skills may mask any ADHD-related impairment. Considering the lack of information 

regarding ADHD traits in university populations in Australia, the first aim of this thesis was to 

determine the extent to which these traits may prevail in this particular setting (Study 1). Moreover, 

given the potential impact of undiagnosed ADHD traits on psychological well-being in 

undergraduates, the contribution of symptoms towards symptoms of depression, anxiety, distress and 

other potentially co-existing neurodevelopmental difficulties such as autistic traits were examined.  

Along with a poor understanding of the rate at which ADHD may manifest in specific sub-

populations of adults with ADHD, knowledge regarding the presentation of adults with ADHD is still 
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in need of clarification. In particular, problems with regulating emotions seems to be a more 

prominent feature of adult ADHD than it is in pediatric cases. Nonetheless, the etiology of this 

symptom domain in adults with ADHD is still largely unknown, causing debate as to whether or not it 

should be considered a diagnostic feature. Recent suggestions are that neurocognitive dysfunctions 

may be implicated in the ADHD and ED association (Gisbert et al., 2018; Shaw et al., 

2014)..However, this research in adults is scarce and not all cognitive domains known to be impaired 

in ADHD have been explored, a notable example being time perception. Hence, the second aim of this 

thesis was to extend on the existing but scant literature examining the role of neurocognitive factors in 

the emergence of ED symptoms in adult ADHD. Acknowledging the heterogeneity of ADHD 

symptoms, ED and cognitive deficits in ADHD, this research adopted both a dimensional approach 

and a categorical approach to exploring the potential role of time perception, alongside working 

memory, attention and inhibition in the association between ADHD and ED. The dimensional 

approach (Study 2) entailed examining individual differences in ADHD symptomology, ED and 

neurocognitive functioning in a sample of young adults with varying levels of ADHD traits, ED and 

cognitive functions. The categorical approach (Study 3) assessed the role of neurocognitive factors 

(namely executive control functions such as working memory, inhibitory and attention, as well as time 

perception) in the emergence of ED in a clinical context, comparing individuals diagnosed with 

ADHD to a matched group of individuals without ADHD.       
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2.1. Abstract 
 

To investigate the rate of ADHD-related traits among young adults in an Australian university, 

and to examine whether higher endorsement of ADHD-related symptoms is associated with self-

reported symptoms of depression, anxiety, distress, and autistic-like traits. In total, 1,002 students 

aged 17 to 25 years completed the Conners’ Adult ADHD Rating Scale (CAARS), the Depression, 

Anxiety, and Stress Scale (DASS), and the Autism Quotient (AQ). About 17.3% of students reported 

“at-risk” levels of ADHD-related symptoms. Regression analyses revealed that CAARS scores 

explained unique variance in self-reported levels of depression, anxiety, stress, and autism-related 

traits. The rate of self-reported ADHD symptoms is higher in Australian undergraduate students than 

that reported in previous studies using the CAARS to investigate rates of diagnosed students. 

Problems with self-concept accounted for the most unique variance in DASS subscale scores. 

Hyperactivity/restlessness and inattention/memory problems accounted for the most unique variance 

in AQ-Social and AQ-Attention-to-Detail scores, respectively. 

2.2. Introduction 

It was often assumed that symptoms of inattention, overactivity, and impulsivity denoting 

ADHD abated in adulthood; however, it is now clear that these symptoms persist in up to 70% of 

cases, and the proportion of adults in the general population (6%) reporting a diagnosis of ADHD is 

similar to that of school-aged children (7%; Faraone & Biederman, 2005; Green & Rabiner, 2012). 

The adult form of ADHD has been associated with poor functioning across life domains and 

compared with non-affected counterparts, adults with ADHD have a history of poor academic 

achievement, often fail to have a stable professional career, experience fiscal problems, and struggle 

to maintain satisfying interpersonal relationships (Sibley et al., 2012). Moreover, individuals with 

ADHD tend to experience appreciable levels of internalizing and externalizing problems and are more 
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likely to engage in life-threatening behaviors such as dangerous driving, substance abuse, risky sexual 

behavior, criminality, and domestic violence (Lee, Oakland, Jackson, & Glutting, 2008).  

2.2.1. Previous Estimates of ADHD in University Students 

As some adolescents with ADHD often fail to achieve to the fullest of their academic potential 

due to associated learning difficulties, they may either not gain entry into university courses or may 

elect not to pursue tertiary studies (Atwoli, Owiti, Manguro, & Ndambuki, 2010). Thus, a lowered 

prevalence of 1% to 3% of ADHD in university settings has been expected (DuPaul et al., 2001). 

However, more recent recognition of the impact of ADHD on school-aged children’s psychological 

and academic functioning (Norwalk, Norvilitis, & MacLean, 2009) has led to schools becoming better 

at catering for the educational needs of children with ADHD (Mckee, 2008). Hence, increasing 

numbers of youth with ADHD are now opting to undertake university studies, and this is expected to 

continue into the future (Nugent & Smart, 2014). 

Increasingly, research shows that the representation of university students with ADHD is 

indeed higher than once thought. Two U.S. studies asked students whether they had a current 

diagnosis of ADHD. In a sample of 3,400 undergraduate students from two universities in 

southeastern United States, one of which was public and the other private, 6.6% and 2.5% 

(respectively) of students reported a diagnosis (Glutting, Sheslow, & Adams, 2002). The different 

rates were attributed to differences in admission requirements (Glutting et al., 2002). In a survey of 

201,818 first-year, full-time students, 6.4% of male students and 3.8% of female students (M = 5%) 

reported a diagnosis (Pryor, Hurtado, DeAngelo, Blake, & Tran, 2011). 

Basing prevalence estimates on diagnostic status of ADHD in university students has 

limitations however.First, a diagnosis of ADHD was not confirmed via a clinical evaluation at the 

time the studies cited above were performed (Green & Rabiner, 2012). Second, diagnosis would have 

been based on past versions of the Diagnostic and Statistical Manual of Mental Disorders (DSM; that 
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is, prior to the fifth edition published in 2013). Yet, these criteria were criticized for being 

developmentally inappropriate and restrictive, and therefore not adequately capturing manifestations 

of ADHD symptoms in adults (Mckee, 2008). Relying on students’ report of their diagnostic status 

may have also led to an underestimation of the number of students with pathological traits of ADHD. 

This is because adults with a childhood diagnosis and/or history of the disorder have been shown to 

dramatically downplay the severity of their problems (Sibley et al., 2012). Other research has instead 

relied on self-report measures of ADHD symptoms (Green & Rabiner, 2012). Rates of self-reported 

ADHD symptoms derived from the past research are provided in Table 1 below. 

Overall, these studies show that between 0% and 21.8% of tertiary students report clinically 

significant symptoms associated with ADHD, and inattention has consistently been the most 

commonly endorsed ADHD-related symptom (DuPaul et al., 2001; Harrison, Alexander, & 

Armstrong, 2013; Kavakci et al., 2012). This variability in rates of self-reported symptoms is 

attributed to the different measures utilized, each with their own symptom threshold and criteria for 

clinical significance. 

Hence, direct comparison of rates of self-reported symptoms across studies is not possible. 

Regardless of which self-report measure is used however, it appears that higher estimates are derived 

when the prevalence of self-reported ADHD-related symptoms is evaluated as compared with when 

prevalence of ADHD is based on diagnostic status. This is further supported by Garnier-Dykstra, 

Pinchevsky, Caldeira, Vincent, and Arria (2010) who in a sample of 1,080 university students found 

that 10.3% of the entire sample scored in the clinical range on the ADHD Self-Report Scale (ASRS), 

while only 2% of students reported a formal diagnosis of ADHD. In a study of 980 Turkish university 

students, 10.1% reported ADHD traits on the ASRS v1.1, while only 6.1% had a diagnosis (Kavakci 

et al., 2012). 
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While reporting of formal diagnoses may lead to an underestimation of the number of students 

who present with pathological traits of ADHD, self-report measures may yield a high rate of false 

positives and inflate the actual prevalence of ADHD (Gordon et al., 2006; Kavakci et al., 2012; Sibley 

et al., 2012). Indeed, when Murphy, Gordon, and Barkley (2002) surveyed 719 nonclinical individuals 

using a rating scale based on DSM- (4th ed.; DSM-IV; American Psychiatric Association [APA], 

1994) criteria, 75% of respondents indicated experiencing six or more symptoms of ADHD. In some 

cases, high endorsement of symptoms may stem from a genuine misattribution of normal variations in 

cognition, such as in attention and working memory, to an underlying ADHD disorder (Murphy et al., 

2002). This may be fueled by the increase in public awareness of ADHD which may influence 

individuals’ internal attributions of transient cognitive issues. Alternatively, students who fail to meet 

certain developmental demands and underperform at university may rate themselves highly on ADHD 

rating scales and use ADHD to explain their underperformance (Molina & Sibley, 2014). 

Nevertheless, adults who display genuine symptoms of ADHD have been shown to display 

adequate insight into their difficulties and may therefore reliably report their symptoms and seek 

treatment (Barkley, Knouse, & Murphy, 2011). Self-ratings of symptom severity can therefore capture 

a significant number of adults at risk of ADHD and/or who may have late symptom onset (Alexander 

& Harrison, 2013; Gray, Woltering, Mawjee, & Tannock, 2014). Thus, the true prevalence rate of 

ADHD is likely to be somewhere in between rates derived from studies using self-report measures 

and those from studies investigating prevalence based on diagnostic status. 

This study’s first aim is to address a paucity of research studies examining the rate of self-

reported ADHD symptoms in young adults in Australian universities. Such information is key to the 

conceptualization of ADHD among university students as it can be used to inform future prevalence 

studies in Australia (Lee et al., 2008). Importantly, in addressing this aim, the short version of 

Conners’ Adult ADHD Rating Scale (CAARS-S: S), a well-established measure of ADHD-related 
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Table 1 

Rates of Self-Reported ADHD Symptoms from Past Research.  
Reference Self-Reported Scale N Country Rate 
Weyandt, Linterman & 
Rice (1995). 

Adult Rating Scale (ARS; Weyandt et 
al., 1995)  
 
Wender Utah Rating Scale (WURS; 
Ward, Wender & Reimherr, 1993)  

770 USA 7% (1.5 SD cut-
off)  
 
4% (2 SD cut-off) 

Dupaul, Schaughency, 
Weyandt, Tripp, Kiesner, 
Ota, & Stanish (2001) 

Young Adult Rating Scale (YARS; 
DuPaul et al., 2001)  

1,209 USA, Italy 
and New 
Zealand 

2.9% - 8.1% 
(Males) 
 
0% - 3.9% 
Females) 

Kwak, Jung & Kim (2015) Adult ADHD Self-Report Scale – 
Version 1.1 (ASRS v1.1; Adler, 
Spender, Faraone, Kessler, Howes, 
Biederman & Secnik, 2006) 

2, 172 Korea 7.6% 

Atwoli et al., (2010) ASRS v1.1  458 Kenya 21.8% 
Kavakci, Kugu, Semiz, 
Meydan, Karsikaya, & 
Dogan (2012) 

ASRS v1.1 980 Turkey 10.1% 

Pope, Whiteley, Smith & 
Lever (2007) 

Conners’ Adults ADHD Rating Scales 
– Short Version (CAARS-S: S; 
Conners, Erhardt, & Sparrow, 1999) 

1,182 UK 12% 

Harrison, Alexander and 
Armstrong (2013) 

Conners’ Adults ADHD Rating Scales 
(CAARS; Conners, Erhardt, & 
Sparrow, 1999) 
 
Brown Attention Deficit Disorder Scale 
(BADDS; Brown, 1996) 

98 Canada 6.7% (CAARS-
S:L) 
 
21% - 35% 
(BADDS) 

symptoms, was administered in an attempt to derive an estimate which closely approximates the true 

prevalence rate (Conners et al., 1999). The CAARS comprises 26 items that were derived directly 

from the longer 66-item version due to their high loadings on ADHD symptoms (Conners et al., 

1999). The CAARS-S: S yields an ADHD index score which is currently the best screen to distinguish 

individuals who are highly likely to be diagnosed with ADHD from nonclinical adults (Dakwar et al., 

2012). Arguably, measures that exclusively use the DSM criteria may restrict the assessment of 

ADHD symptoms to a limited list of symptoms, including inattention, hyperactivity, and impulsivity 

(Taylor, Deb, & Unwin, 2011). The CAARS has gained general acceptance as it incorporates items 
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that assess not only symptoms directly linked to DSM criteria but also additional psychopathological 

symptoms that are inherent in ADHD such as emotional lability and self-concept (Kim, Lee, & Joung, 

2013). The CAARS-S: S has a positive predictive power of 85%, has high specificity, and was found 

to be less vulnerable to false-positive screening unlike the ASRS-V1.1 (Conners et al., 1999; Hines, 

King, & Curry, 2012). It also includes an inconsistency index, and a score higher than 8 indicates 

responses made in a random, careless, and unsystematic manner. Data from high scorers on this index 

can therefore be excluded from further analysis. Such an index is not included on the ASRS-V1.1, and 

it has been found that some participants who self-report elevated symptoms of ADHD on this measure 

also score highly on the CAARS-S: S inconsistency index (Hines et al., 2012). Finally, moderate to 

strong correlations have been found between observer ratings and self-report ratings on the CAARS-

S: S, suggesting that individuals’ endorsement of ADHD symptoms can be adequately corroborated 

by informants (Conners et al., 1999; Taylor et al., 2011). 

2.2.2. Depression, Anxiety, and Stress in University Students With ADHD-Related Traits 

University life comprises several challenges and stressors for many students, particularly those 

with symptoms of ADHD (Harrison et al., 2013). Students with poor attention and high levels of 

impulsivity may be at particular risk of depression, anxiety, and distress due to a confluence of 

symptoms that can impede on their thinking processes, concentration, memory, organizational skills, 

inhibitory skills, and other skills necessary for adaptive functioning (Harrison et al., 2013). These 

issues may not always manifest during childhood but emerge as students step into the more 

demanding realms of tertiary education, and lose the support structures that parents and teachers had 

previously set up to assist them in managing their deficits in school (Gray et al., 2014). Thus, 

university students with these ADHD-related characteristics are prone to experiencing difficulties in 

adapting to increasing levels of academic, social, financial, and career-planning demands placed upon 

them due to inherent deficits in behavioral and emotional regulation (Gray et al., 2014). These may 
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lead to an array of short- and long-term consequences, such as poor academic achievement 

(Hysenbegasi, Hass, & Rowland, 2008), interpersonal difficulties (Salzer, 2012), and suicidality 

(Garlow et al., 2005).  

Cross-sectional and longitudinal research shows that when it comes to ADHD, comorbidity is 

the rule rather than the exception. Up to 84% of adult patients present with one comorbid diagnosis, 

and up to 61% present with two or more comorbidities (Amiri et al., 2013; Anastopoulos et al., 2016). 

Mood and anxiety disorders are the most frequently co-occurring disorders according to one of the 

largest epidemiological studies of adult ADHD to date (Kessler et al., 2006). Interestingly, Richards 

and colleagues (1999) examined differences in psychological functioning of college students with 

established diagnoses of ADHD, those with high levels of self-reported ADHD traits but with no 

diagnosis, and those without ADHD. Overall, both college students with confirmed ADHD and those 

with self-reported ADHD symptoms displayed similar psychological functioning, and rated 

themselves significantly higher on scales assessing somatization, interpersonal sensitivity, depression, 

anxiety, obsessive-compulsive symptoms, phobia, hostility, psychoticism, and psychological distress 

compared with those students with no ADHD. In a study of 98 Canadian university students, Harrison 

et al. (2013) also found significant correlations between students’ self-reported psychological 

functioning as measured by the Depression, Anxiety, and Stress Scale–21 (DASS-21; Lovibond & 

Lovibond, 1995) and ADHD symptoms on the CAARS (Conners, Erhardt, & Sparrow, 1999) and the 

Brown Attention Deficit Disorder Scale (BADDS; Brown, 1996; r = .67 and .56, respectively).  

Conversely, Nelson and Gregg (2012) found no significant group differences in the rate of 

self-reported symptoms of depression and anxiety among a sample of 210 transitioning college 

students with ADHD compared with unaffected counterparts. Similar findings were made in a 

retrospective study of 54 university students who had presented for psychological assessment 

(Heilingenstein, Guenther, Levy, Savino, & Fulwiler, 1999). An explanation for this absence of group 
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differences might be that when compared with young adults with ADHD who do not attend university, 

those who go on to study at postsecondary level may have higher levels of confidence in their ability 

to succeed, are more resilient, and perhaps even possess average or above average cognitive abilities 

(Heilingenstein et al., 1999). University students with ADHD may also present with less severe forms 

of the disorder relative to those who do not enroll into postsecondary courses (Rabiner, Anastopoulos, 

Costello, Hoyle, & Swartzwelder, 2008). The mixed results attained from a small number of studies 

highlight the need for more research into the association between symptoms of depression, anxiety, 

and stress in university students reporting ADHD symptoms. 

There have also been suggestions that those adults who display primarily symptoms of 

inattentiveness or of the combined presentation are more likely to experience internalizing problems 

compared with individuals who display more hyperactive-impulsive symptoms (Wilens  

et al., 2009). Nevertheless, Nelson and Gregg (2012) did not find support for this association when 

they investigated a possible link between ADHD presentation (i.e., inattentive, 

hyperactivity/impulsive, or combined) and comorbidity in U.S. university students. The latter’s 

finding was based on a small sample size (N = 60) of tertiary students with ADHD who were 

specifically seeking a comprehensive psychological evaluation with the aim of gaining access to 

academic supports. These individuals may potentially differ from the wider population of students 

with high levels of ADHD-related traits, including those who do not seek academic accommodations 

(Nelson & Gregg, 2012). Hence, these findings may not be generalizable to the wider population of 

university students, including those in Australia. 

2.2.3. Autism-Like Traits in Students With Symptoms of ADHD 

Individuals with symptoms of ADHD may also exhibit autistic traits (i.e., 

social/communication difficulties, restricted and repetitive patterns of behavior and interests; 

Polderman, Hoekstra, Posthuma, & Larsson, 2014). Up to 44% of adults with autism spectrum 
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disorders (ASDs) also qualify for a diagnosis of ADHD with deficits in attention and executive 

functioning being the most frequently reported shared pathophysiological impairments (Hofvander et 

al., 2009). These shared features point toward common causal factors, including genetic and 

nongenetic risk factors (Kern, Geier, Sykes, Geier, & Deth, 2015; Ronald, Simonoff, Kuntsi, 

Asherson, & Plomin, 2008). Importantly, genetic factors underlying core symptoms of ADHD appear 

to overlap with those underlying symptoms of ASD (Polderman et al., 2014), supporting assertions 

that poor attention and hyperactivity may exacerbate the severity of autism-related traits (Craig et al., 

2015). 

Empirical evidence supports associations between patterns of symptoms of both disorders. 

Polderman and colleagues (2014) found strong correlations between inattention and 

social/communication deficits. Modest correlations between hyperactivity/impulsivity, and restricted 

and repetitive behaviors and interests were also found. However, the measure of autistic traits 

administered in this study was based on DSM- (5th ed.; DSM-5; APA, 2013) criteria and had poor 

reliability in this nonclinical sample. Specifically, Cronbach’s alpha values of .53 and .49 were found 

for scales measuring social and communication difficulties, and the restricted and repetitive behaviors 

and interests, respectively (Polderman et al., 2013). A more reliable measure of autistic traits, the 

Autism Quotient (AQ; Cronbach’s alpha = .63 and .77; Baron-Cohen, Wheelwright, Skinner, Martin, 

& Clubey, 2001), has also been used to investigate associations between ASD and ADHD-related 

traits in a population-based study of 559 nonclinical adult twins and siblings from The Netherlands 

(Polderman et al., 2013). Results revealed that the cooccurrence of autistic traits and ADHD-related 

deficits is driven mainly by issues with attention and not by hyperactivity/impulsivity (Polderman et 

al., 2013). 

Impairments associated with the co-occurrence of symptoms of ADHD and ASD may not be 

evident before adulthood (Sizoo et al., 2009). When those “late presentations” start to manifest in 
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early adulthood, the distinction between ADHD and ASD may be blurred as motor hyperactivity 

ceases being a prominent feature of ADHD (Sizoo et al., 2009). Assessing inattention can also be 

problematic as individuals with traits of ASD and/or ADHD can focus for extensive periods of time 

when it comes to a particular area of interest but experience significant deficits in sustaining attention 

in most other areas (Leyfer et al., 2006). As such, impairments associated with a co-occurrence of 

both disorders may be missed in young adults attending university. Poor attention in both ADHD and 

ASD may nevertheless be the main source of difficulty in a university setting where increased 

academic demands may exceed the capacity for sustained attention (van Schalkwyk, Beyer, Martin, & 

Volkmar, 2016). 

It is plausible that an increasing number of students with characteristics of both ADHD and 

ASD may be attending university because owing to disability rights legislations, they receive 

appropriate educational supports (Nugent & Smart, 2014; van Schalkwyk et al., 2016). In a study of 

122 adults with ASD but with normal intelligence, 43% of participants presented with symptoms of 

the inattentive or combined presentations of ADHD (Hofvander et al., 2009). That individuals with 

comorbid ASD and ADHD may in many cases have normal cognitive abilities suggests they may 

undertake studies at tertiary level, and counseling centers, including in university settings, can expect 

to encounter the consequences of this comorbidity on social and academic functioning (van 

Schalkwyk et al., 2016). Thus, it should be determined whether symptoms of ADHD are related with 

those of ASD in a university population. 

The AQ, a widely used measure of autism-related traits in clinical and nonclinical samples, 

was used in this study (see Ruzic et al., 2015). It consists of 50 items assessing five theoretical aspects 

of autistic traits, namely social skills deficits, preference for routine, problems switching attention, 

poor imagination, and a strong interest for pattern and numbers (Baron-Cohen et al., 2001). Since the 

original study reporting on the psychometric properties of the AQ (Baron-Cohen et al., 2001), 
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numerous factor analytical studies have endorsed between two and five AQ factors (Austin, 2005; 

Hoekstra, Bartels, Cath, & Boomsma, 2008; Kloosterman, Keefer, Kelley, Summerfeldt, & Parker, 

2011; Stewart & Austin, 2009). Across all these studies, “Socialness” and “Attention to details and 

Patterns” were two key dimensions that were consistently found to underlie the AQ (Stewart & 

Austin, 2009). Moreover, both these factors map onto the two core DSM-5 diagnostic criteria for 

ASD, including deficits in social communication and reciprocity and, abnormally restricted and 

repetitive behavior, interests and activities (Davis et al., 2016). Hence, in the current study, the two-

factor model was chosen as it has also been found to reliably and validly capture individual 

differences in autistic traits in a study of 961 university students (Hoekstra et al., 2008). The AQ-

Attention-to-Detail factor has been shown to stand on its own, while the AQ-Social factor combines 

four other factors, namely social skills, communication, attentional switching, and imagination 

(Hoekstra et al., 2008). 

2.2.4. Aims and Hypotheses 

This study aimed to investigate the rate of self-reported ADHD-related symptoms in young 

adults attending university in Australia. It was expected that the rate of self-reported ADHD would be 

similar to that found in previous studies using the CAARS (Hypothesis 1; Harrison et al., 2013; Pope 

et al., 2007). Consistent with previous research using the same measure in a university population 

(Harrison et al., 2013), it was expected that symptoms of inattention would be the most commonly 

endorsed ADHD-related symptom (Hypothesis 2). Gender differences were also expected based on 

past cross-national research, showing that males are more likely than females to display ADHD 

symptoms (Hypothesis 3; DuPaul et al., 2001). The second aim of this study was to clarify the mixed 

results pertaining to the coexistence of psychological problems (i.e., depression, anxiety, and distress) 

with ADHD-related symptoms in university students. Moreover, in light of previous research showing 

positive correlations between CAARS subscales and depression, anxiety, and stress (Alexander & 
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Harrison, 2013; Harrison et al., 2013), and consistent with suggestions that autistic-like traits and 

ADHD-related symptoms may coexist in a number of individuals with high cognitive abilities and 

possibly pursuing university studies (van Schalkwyk et al., 2016), we anticipated that scores on the 

CAARS subscales would account for unique variance in self-reported depressive symptoms 

(Hypothesis 3a), anxiety (Hypothesis 4a) and stress (Hypothesis 5a), AQ Social (Hypothesis 6a) and 

AQ Attention to Detail (Hypothesis 7a) beyond the effects of gender. More specifically, we predicted 

that scores on self-reported inattention would account for the most variance in depression (Hypothesis 

3b), anxiety (Hypothesis 4b), stress (Hypothesis 5b), AQ-Social (Hypothesis 6b), and AQ Attention to 

Detail (Hypothesis 7b).  

2.3. Method 

2.3.1. Participants 

The study protocol was approved by the University of Western Australia Human Ethics 

Committee (RA/4/1/8003).[AQ15] A total of 1,381 students completed the measures administered as 

part of this study. Respondents were from a range of courses and at various levels of their 

undergraduate studies (i.e., from 1st-4th year). As this study’s aim was to investigate university 

students in the young adulthood stage of life, findings are based on those students aged between 17 

and 25 years, inclusive, based on (a) the conceptual understanding that the age cohort between 18 and 

25 years represents a distinct developmental period between adolescence and adulthood (Schwartz, 

Côté, & Arnett, 2005) and (b) to include those first-year university students (n = 127) who were not 

yet 18 years old at the time of study (in Australia, it is common for university students to be 17 years 

for part of their first year of study).[AQ16]. Data from 371 students aged 26 years or above were 

deleted. Further exclusion criteria were applied to satisfy the requirements of the current study: First, 

three participants reported their gender as “Other,” and their data were removed from the dataset due 

to the absence of normative data in the CAARS manual for this group of individuals. Another five 
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cases were deleted from the dataset due to high (>8) inconsistency index scores on the CAARS. The 

final dataset consisted of 1,002 cases. Of those, 34.4% were males and 65.6% were females with an 

age range of 17 to 25 years (M = 18.85, SD = 1.63). 

2.3.2. Measures 

CAARS-S: S. Items on the CAARS are rated on a 4-point Likert-type (i.e., from 0-3) rating 

scale denoting the frequency at which individuals believe that they engage in each of the described 

behaviors (Conners et al., 1999). The CAARS was developed to inform the diagnosis of ADHD in 

individuals aged 18 years and above (Norwalk et al., 2009). It provides scores on five subscales. High 

scores on the Inattention/Memory Problems indicate problems with organization and completion of 

tasks, concentration, and learning new information fast.[AQ17] High scorers on the 

Hyperactivity/Restlessness subscale experience restlessness, feeling more “on-the-go” than others, 

and difficulty staying on task for extended periods of time. Respondents endorsing symptoms of 

Impulsivity/Emotional Lability experience swift changes in mood often, engage in more impulsive 

acts, and are prone to anger and irritability compared with others. High scorers on the Problems With 

Self-Concept subscale report having poor social relationships, low self-esteem, and low self-

confidence compared with others. Raw scores on the scales are converted to T scores based on norms 

for age and gender. Higher scores indicate a higher likelihood of moderate to severe symptoms, and a 

T score of 65 or above on any of the subscales indicates clinical levels of ADHD symptoms. 

Although the CAARS cannot be used exclusively to diagnose ADHD, its good psychometric 

properties make it a useful dimensional measurement of the frequency and intensity of adult ADHD-

related symptoms in research (Conners et al., 1999). In this study, the internal consistency of the 

CAARS-S: S ranged from acceptable to good, and Cronbach’s alpha values for each subscale, 

respectively, for males and females were as follows: Inattention/Memory Problems = .82 and .81, 

Hyperactivity/Restlessness = .67 and .70, Impulsivity/Emotional Lability = .76 and .77, and Problems 
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With Self-Concept = .87 and .85, and the ADHD Index = .82 and .82. Mean interitem correlations for 

each subscale ranged between .33 (ADHD Index) and .63 (Problems With Self-concept) for females. 

For males, mean interitem correlations for each subscale ranged between .33 (ADHD Index) and .65 

(Problems With Self-concept). Hence, the Problems with Self-Concept was the most unidimensional 

scale. In the original normative study, the CAARS had high test–retest reliability (i.e., r = .80-0.91) 

over a month period. Confirmatory factor analysis in the original normative sample confirmed that the 

CAARS-S: S scales met criteria standards for good fit in both males and females (Conners et al., 

1999). The title of the CAARS was omitted from the questionnaire so as not to give away the nature 

of the study to participants. 

2.3.2.1. DASS-21. The DASS-21 assesses emotional and psychological distress along the axes 

of depression, anxiety, and stress/tension (Lovibond & Lovibond, 1995). The measure has good 

internal consistency. The Depression scale’s Cronbach’s alpha value was good for males at .85 and 

excellent for females at .90. Cronbach’s alpha values for the Anxiety subscales were .77 (acceptable) 

for males and .85 (good) for females. As for the Stress scale, Cronbach’s alpha values were .81 for 

males and .84 for females, and these are considered to be good. The DASS also boasts good construct 

validity and concurrent validity as shown in both nonclinical community and clinical samples (Henry 

& Crawford, 2005). Factor analyses using both clinical and nonclinical populations have supported a 

three-factor solution, and the measure was found to have good construct validity. The Depression 

subscale measures melancholy, hopelessness, devaluation of life, self-deprecating tendencies, lack and 

loss of interest and/or involvement, and apathy. The Anxiety subscale evaluates subjective experience 

of autonomic arousal, muscular tension, situational anxiety, and subjective experience of anxiety. The 

Stress subscale taps into the individual’s experience of chronic nonspecific arousal, nervous arousal, 

including proneness to agitation, irritability, overreactivity, and impatience and difficulty relaxing. 
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Each subscale score was doubled to make them comparable with the full 42-item version of the DASS 

(Lovibond & Lovibond, 1995).[AQ18] 

2.3.2.2. The AQ. The AQ is a 50-item self-report measure of autistic traits targeted at adults 

with an IQ score in the average or above average range (Baron-Cohen et al., 2001). Responses are 

made using a 4-point Likert-type system (1 = definitely agree, 2 = slightly agree, 3 = slightly disagree, 

and 4 = definitely disagree). Forty items were summed to obtain the AQ-Social score, whereas 10 

items were summed to obtain the AQ-Attention-to-Detail score (see Hoekstra et al., 2008). In this 

study, reliability of the AQ-Social factor was good with Cronbach’s alpha values of .85 for males and 

females. For the AQ Attention to Detail, Cronbach’s alpha values were .68 for males and .76 for 

females, and these are considered to be acceptable. While higher mean ratings are typically found for 

males than for females (Ruzic et al., 2015), no gender differences in mean scores were found for 

either factor in this study (Table 2). The AQ has also been found to possess reasonable face validity, 

construct validity, and excellent test–retest reliability (Baron-Cohen et al., 2001). 

2.3.3. Procedure 

Undergraduate psychology students enrolled in an introductory psychology laboratory class 

were invited to fill in the aforementioned measures. A participant information sheet providing relevant 

information about this study was included in the booklet. Students were advised that completion of 

the measures was entirely voluntary. They were also informed that filling in the measures may result 

in them being invited to participate in a subsequent study during the semester in exchange for unit 

credit points. Participants provided consent to filling in the measures and for their responses to be 

used in this study. 

2.3.4. Data Analysis 

Standardized T scores on each CAARS subscale were calculated as per the test manual. A 

cutoff T score of 65 or above on a subscale was used as an indication of significantly elevated ADHD-
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related symptoms (Conners et al., 1999) and in line with the first aim of the study, we examined how 

commonly symptoms of ADHD are reported among Australian university students. Four hierarchical 

multiple regression analyses (HMRAs) were also conducted to address the second aim of the study of 

investigating the amount of variability in depression, anxiety, stress, and autistic-like symptoms that 

could be predicted by levels of inattention, hyperactivity, impulsivity, problems with self-concept, and 

overall ADHD-related symptoms. As independent samples t tests revealed gender differences on the 

way participants scored themselves on the measures administered (Table 1), a dummy-coded gender 

variable was entered as predictor variable at Stage 1 of the regressions, and CAARS subscale scores 

were entered at Stage 2. Age was uncorrelated with all measures administered and was excluded from 

analyses. Scores on the DASS subscales and the AQ were entered as the outcome variables. SPSS 

student version 24 was used to conduct the analyses, and p values < .05 were statistically significant. 

Table 2. 

Descriptive Statistics for CAARS, DASS and AQ subscales and Gender Differences in Scores. 

Variables 

Male Female 

p-value 

  

M SD M SD 
Observed 
Range (Total) 

CAARS Subscales (n=1002) 
Inattention/memory problems 54.42 10.39 56.25 11.10 .011 35 - 83 
Hyperactivity/restlessness 49.23 8.51 52.77 9.41 .000 29 - 78 
Impulsivity/Emotional lability 46.63 8.23 51.12 9.52 .000 34 - 83 
Problems with self-concept 53.29 10.45 53.81 10.63 .459 34 - 76 
ADHD index 51.48 10.05 55.09 10.52 .000 30 - 87 
DASS-21 Subscales  (n=861) 
Depression 10.54 8.27 10.83 9.25 .649 0 - 42 
Anxiety 10.59 8.03 12.71 10.13 .001 0 - 42 
Stress 12.96 8.67 15.37 9.77 .000 0 - 42 
AQ  (n= 861) 
AQ Social 
AQ Attention to Detail 

 
84.26 
25.28          

 
12.82 
  4.65 

 
83.63 
25.62             

 
12.85 
5.10 

 
.150 
.337 

 
51 – 134 
11 - 40 
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2.4. Results 

2.4.1 Rate of Self-Reported Symptoms 

Table 2 presents descriptive statistics pertaining to students’ overall scores on the CAARS, 

DASS, and the AQ, and highlights gender differences in symptoms. Table 3 presents the number and 

percentage of students who scored 65 or above on the CAARS: S-S subscales, and shows that 17.3% 

of students reported clinically significant levels of ADHD (as measured by the CAARS ADHD 

Index). In support of Hypothesis 2, symptoms tapping into the ADHD index (which represents overall 

symptom severity) were the most frequently endorsed followed by symptoms of inattention. 

Hypothesis 3 was not supported as although gender was significantly (p ≤ .001) related to ADHD 

symptoms, a greater proportion of females reported above-threshold levels of ADHD symptoms 

relative to males. Females also scored higher than males on the DASS subscales, with significant 

differences found on the Stress and Anxiety subscales. On the AQ, males scored higher than females, 

although this did not represent a significant difference. 

Table 4 shows that, while the majority of students scored within the normal range on each of 

these measures, 17.4% of undergraduate university students reported experiencing mild to severe 

levels of symptoms of depression, 31.8% reported experiencing mild to severe levels of stress on the 

DASS-21. In addition, 11.3% reported borderline to high levels of autistic-like characteristics on the 

AQ. Table 5 shows that self-reported levels of depression, anxiety, and stress as well as autism-like 

traits were all positively correlated with the CAARS subscales. 

Table 3 

Number and Percentage of Students (by Gender) With a T Score of 65 or Above on the CAARS 
Subscale (n = 1,002). 

CAARS Subscale 
Number with T≥ 65 Percentage with T≥ 65 
Males Females Males Females Total 

Inattention/Memory Problems 21 46 6.1% 7.0% 6.7% 
Hyperactivity/Restlessness 8 21 2.3% 3.2% 2.9% 
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Impulsivity/Emotional Lability 2 7 0.6% 1.1% 0.9% 
Problems with Self-Concept 21 24 6.1% 3.7% 4.5% 
ADHD Index 40 133 11.6% 20.2% 17.3% 

Note. DASS-21 = Depression Anxiety Stress Scales–21; AQ = Autism Quotient. 

Table 4. 
Percentage of Symptom Endorsement on the DASS-21 and AQ 

DASS-21 (n= 861) 
     
Normal Mild Moderate Severe Extremely Severe 

Depression 82.58% 11.15% 6.16% 0.12% 0% 
Anxiety 66.78% 11.73% 15.33% 4.76% 0% 
Stress 92.22% 5.92% 1.86% 0% 0% 
 

AQ  (n= 817) 
Low 
Range 

Normal 
Range 

Slightly Above 
Average Range 

Borderline 
Range High Range 

  10.53% 61.57% 16.65% 9.55% 1.71% 

2.4.2. Associations among Measures 

Bivariate correlations between all measures (Table 5) supported conducting the HMRAs to determine 

how much variance in depression, anxiety, stress, and autism-related traits can be accounted for by 

ADHD-related symptoms. Assumptions testing and checks were performed prior to the conduct of the 

HMRAs. Inspection of normal probability plots of standardized residuals and scatterplots of 

standardized residuals against predicted values indicated that the assumptions of normality, linearity, 

and homoscedasticity of residuals were satisfied (Field, 2013). Multicollinearity was not an issue in 

the current data as none of the independent variables were highly correlated (r ³ .85; see Table 5). 

Tolerance values were all above 0.1, and variance inflation factor (VIF) statistics were below 10 and 

within acceptable limits (Field, 2013). Mahalanobis distance exceeded the critical chi-square value for 

df = 6(at a = .001) of 22.46, and two multivariate outliers were identified (Allen & Bennett, 2008). 

These were retained for further analyses, and robust regression using bootstrapped confidence 

intervals was derived for regression coefficients (Field, 2013). Table 6 presents results for each 

HRMA with each DASS subscale as a predictor. At Stage 1 of the HRMA for depression, gender 

accounted for no significant variance in depression scores. With the addition of the CAARS subscale 
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scores, Hypothesis 3a was supported as the predictors in combination explained an additional 43% of 

variance in self-reported feelings of depression, adjusted   R2 = .42, F(6, 854) = 158.46, p < .001, thus 

representing a large effect size (f2 = .75). Unlike predicted (Hypothesis 3b), the most important 

predictor was the Problems with Self-Concept score which uniquely accounted for almost 13% (ρ 

≤ .001) of the variance in depression. The Inattention/Memory Problems and Impulsivity/Emotional 

Lability subscales each accounted for 0.4% and 0.5% of unique variance in depression, respectively. 

Hyperactivity/Restlessness and the ADHD Index accounted for no unique variance. 

When it came to anxiety, gender explained only 1.1% of the variance in anxiety scores at 

Stage 1 of the HMRA. At Step 2, the CAARS subscales were added accounting for an additional 

32.7% of variance in anxiety, thus supporting Hypothesis 4a. A combined effect of this magnitude 

represents a large effect size (f2 = .51). Impulsivity/emotional lability, problems with self-concept, 

and the ADHD index individually accounted for significant unique variance in anxiety at 0.4%, 6.6%, 

and 0.3%, respectively. Unlike predicted by Hypothesis 4b, inattention accounted for no variance in 

anxiety score, and neither did hyperactivity/restlessness scores. 

Stage 1 of the regression model for stress revealed that gender accounted for a significant 

1.5% of variance in stress. The CAARS subscales were added and consistent with Hypothesis 5a, 

accounting for an additional 50% of total variance in students’ self-reported levels of stress in 

university students. This represented a large effect size (f 2 = 1.06). Thus, students reporting higher 

levels of ADHD-related characteristics also experienced higher levels of stress. Hypothesis 5b was not 

supported as inattention/memory problems explained no significant variance in stress and neither did 

the ADHD index. Problems with self-concept accounted for the most unique variance (10.1%) ensued 

by impulsivity/emotional lability (3.2%) and hyperactivity/restlessness (1%). Gender was a 

nonsignificant predictor of the AQ-Social score at Stage 1 of the HRMA (Table 7). At Stage 2, it 

became a significant predictor of AQ-Social scores, and CAARS scores accounted for an additional  
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Table 5. 
Summary of Inter-correlations for Scores on the CAARS-S: S, DASS-21, and AQ 
Measure 1 2 3 4 5 6 7 8 9 10 

1. C - ADHD Index - 
         
         

2. C - Innatention/Memory .74**     
[.70, .77] - 

        
        

3. C -  Hyper/Restlessness 
 

.68**           
[.64, .71] 

.48**           
[.42, .53] - 

       

       

4. C  -  Impuls/Emotional Lab 
 

.73**           
[.70, .76] 

.44**           
[.38, .50] 

.50**           
[.45, .56] - 

      

      

5. C - Self Concept 
 

.72**           
[.68, .75] 

.55**           
[.50, .60] 

.35**            
[.29, .42] 

.44**           
[.38, .49] - 

     

     

6. DASS Depression 
 

.54**           
[.49, .58] 

.44**           
[.38, .49] 

.31**           
[.25, .37] 

.38**           
[.32, .45] 

.64**           
[.60, .68] - 

    

    

7. DASS Anxiety 
 

.52**           
[.47, .57] 

.37**           
[.30, .42] 

.34**            
[.27, .40] 

.40**           
[.34, .46] 

.54**           
[.49, .59] 

.65**            
[.60, .69] - 

   

   

8. DASS Stress .63**           
[.59, .66] 

.42**           
[.35, .47] 

.44**           
[.39, .49] 

.55**           
[.50, .60] 

.64**           
[.60, .67] 

.71**           
[.67, .75] 

.75**           
[.71, .78] 

   

-   

9. AQ  - Social .32**    
[.25 , .39] 

.26**   
[.19, .33] 

.04 
[-.03 , 
.12] 

.24**       
[.17 , .31] 

.37**     
[.30 , .43] 

.31**     
[.24 , .38] 

.33**            
[.26 , .39] 

.32**       
[.26, .38] -  

10. AQ - Attention  .04             
[-.03 , .12] 

-12**       [-
.20, -.05] 

.12**     
[.04 , .18] 

.07        
[.00 , .13] 

.01            
[-.06 , .08] 

.01            
[-.06 ,.08] 

.14**     
[.07 , .21] 

.12 ** 
[.04 , .20] 

-.04 
[-11 , .03] - 

Note.   Listwise N = 861.   C = CAARS; AQ = Autism Quotient. *p ≤ .0.01; **p ≤ 0.001 (1-tailed). BCa bootstrap 95% CIs reported in brackets)
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Table 6 

Unstandardised (B) and Standardised (β) Regression Coefficients, Standard Error (SE B), Squared Semi-Partial Correlations (sr2) and 95% 
bias corrected and accelerated confidence intervals for each Predictor Variable of Depression, Anxiety, and Stress. 

Predictor Variable 

Depression    Anxiety     Stress   

B SE B β   B SE B β 
  

  B 
SE 
B β   

Step 1               
Gender -.15 .31 -.02  -1.06* .31 -.11    -1.21** .32 -.12  
 [-.74, .46]    [-1.69, -.48]      [-1.87, -.58]    
               
R2 .00    0.01*      0.20**    
               
Step 2               
Gender .32 .23 .03  -.43 .26 .04    -.24 .23 -.02  
 [-.15, .75]    [-.99, .14]      [-.71, .22]    
Inattention/Memory .04* .02 .09  -.01 .02 -.03    -.02 .02 -.05  
 [.00, .08]    [-.05, .02]      [-.06, .01]    
Hyperactivity/Restlessness .02 .02 .04  .03 .02 .06    .07* .02 .14  
 [-.02, .06]    [-.01, .07]      [.04, .11]    
Impulsivity/Emotional 
Lability .05* .02 .10  .05* .02 .09 

  

 .14* .00 .28  
 [.01, .09]    [.00, .09]      [.10, .18]    
Problems with Self-
Concept .22** .02 .54  .17* .02 .39 

  

 .21* .02 .48  
 [.19, .26]    [.13, .21]      [.18, .25]    
CAARS ADHD Index -.00 .03 -.10  .07* .03 .15    .01 .03 .02  
 [-.07, .07]    [.00, .14]      [-.05, .70]    
R2 .43**    .34**      .51**    
∆R2 .43**    .33**      .50**    
               

sNote. CI = Confidence interval. Confidence intervals and standard errors are based on 1000 bootstrap samples. *p ≤ .0.05; **p ≤ 0.001 
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Table 7 

Unstandardised (B) and Standardised (β) Regression Coefficients, Standard Error (SE B), Squared Semi-Partial Correlations (sr2) and 
95% bias corrected and accelerated confidence intervals for each Predictor Variable of Autism-Related Traits 

Predictor Variable 

  AQ - Social   AQ - Attention to Detail 

  B SE B β   B SE B β 

Step 1 
        

Gender 
 

1.33 1.26 .05 
 

-.34 .33 -.03 

  
[-.39, 3.06] 

   
[-.98 , .36]  

  
         
R2 

 
0.02 

   
.00 

  
Step 2 

        
Gender 

 
2.10* .81 .08 

 
-.09 .32 -.10 

  
[.50, 3.78] 

   
[-.79 , .61] 

  
Inattention/Memory 

 
.07 .06 .06 

 
-.15** .02 -.32 

  
[-.05, .18] 

   
[-.20, -.10] 

  
Hyperactivity/Restlessness 

 
-.36** .06 -.26 

 
.08* .03 .14 

  
[-.49, -.24] 

   
[.02 , .13] 

  
Impulsivity/Emotional Lability 

 
.14* .07 .10 

 
-.00 .03 -.00 

  
[.10, .27] 

   
[-.06, .05] 

  
Problems with Self-Concept 

 
.27** .06 .22 

 
.00 .03 .01 

  
[.16, .38] 

   
[-.04, .05] 

  
CAARS ADHD Index 

 
.29* .10 .23 

 
.09* .04 .18 

  
[.09, .48] 

   
[.00, .17] 

  
R2 

 
.19** 

   
.06** 

  
∆R2   .18**       .06**     

Note. CI = Confidence interval. Confidence intervals and standard errors are based on 1000 bootstrap samples. *p ≤ .0.05; **p ≤ 0
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18.4% of the variance in AQ-Social scores (thus supporting Hypothesis 6a that students who 

report higher levels of ADHD-related characteristics also report poor socialness). The combined 

effect is considered medium (f 2 = .23). Hyperactivity/restlessness, impulsiveness and emotional 

lability, problems with self-concept, and the ADHD index all accounted for unique variance in 

AQ-Social scores (3.3%, 0.4%, 2.2%, and 0.7%, respectively). 

Gender did not explain any variance in the AQ Attention to Detail at Step 1 of the 

regression. At Stage 2 of the model, CAARS scores accounted for an additional 6.1% of total 

variance in AQ Attention to Detail, thus supporting Hypothesis 6a that ADHD-related traits are 

associated with poorer ASD-related inattentiveness. A combined effect of this magnitude is 

considered small (f 2 = .07). Supporting Hypothesis 6b, the CAARS’ Inattention/Memory 

Problems subscale explained the most (i.e., 4.5%) unique variance in AQ Attention to Detail. 

Hyperactivity/Restlessness and the ADHD Index accounted for small yet significant unique 

variance in AQ Attention to Detail at 1% and 0.4%, respectively. 

2.5. Discussion 

This examined how commonly students in an Australian university report ADHD-related 

symptoms. It also investigated whether reporting higher levels of ADHD-related symptom was 

related to higher reporting of depression, anxiety, stress symptoms, and autism-like traits. Of the 

1,002 students who participated in this study, 17.3% individuals aged between 17 and 25 years 

reported experiencing disruption in attention, motor activation, and behavioral impulsivity at 

levels that are deemed to be characteristic of adult ADHD. These estimates were higher than 

those reported in previous studies using the CAARS (e.g., Harrison et al., 2013; Pope et al., 

2007), and this result failed to support the first hypothesis. Harrison et al. (2013) however 

studied a small and restricted sample of 98 university students recruited from health and 
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counseling services. Pope and colleagues (2007) obtained results based on a larger sample of 

university students from three U.K. universities and derived higher rates (i.e., 12%) than those 

reported by Harrison and colleagues (2013). However, all their participants were first- and 

second-year students undertaking a psychology degree. Conversely, current results were based 

on students at various stages of their undergraduate studies, enrolled in a wide range of courses 

(not only psychology). Hence, this study sample is more representative of the wider population 

of young adults in undergraduate courses. These results show that in Australia, a substantial 

proportion of young adults in undergraduate courses may experience significant ADHD-related 

difficulties and require support. 

As a self-report measure was used to collect information about ADHD-related symptoms 

in this study, the estimate derived may be partly attributed to false positives (Atwoli et al., 2010). 

Some students identified as “at-risk” of ADHD may have subthreshold levels of ADHD-related 

impairments which would be insufficient for a diagnosis (Molina & Sibley, 2014). Temporary 

fluctuations in distractibility, mood, memory, concentration, self-belief, fatigue, and low 

frustration tolerance as well as lifestyle factors (i.e., poor sleep) and negative life events may 

have influenced students’ responses (Molina & Sibley, 2014). Psychological conditions such as 

depression, anxiety disorders, and substance abuse may also produce symptoms (i.e., inattention) 

that resemble those of ADHD, and could have also driven the high rates of self-reported ADHD 

symptoms (Fatseas, Debrabant, & Auriacombe, 2012). University students are indeed at higher 

risk of experiencing symptoms of poor mental health and psychological dysfunction relative to 

other adults (Stallman, 2010). However, the probability of false positives was reduced by (a) 

excluding data from students who provided invalid responses; (b) not offering incentives such as 

access to academic supports, accommodation, and/or medication for participating; and (c) 
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removing the title of the CAARS from the measure, so that participants would not become 

cognizant of the fact that they were being assessed on a measure of ADHD symptoms. 

Unlike past research reporting on the prevalence of ADHD diagnosis in students, this 

study only collected information about current self-reported symptoms. As such, more stringent 

criteria for conceptualizing ADHD, such as age of onset and previous history of symptoms, were 

not gathered (Green & Rabiner, 2012). However, a strength of this approach is that it 

acknowledges that information about age of onset may be difficult to gather when trying to 

establish whether an adult should be diagnosed with ADHD (Hesslinger, Tebartz van Elst, 

Mochan, & Ebert, 2003). Wasserstein, Wolf, Solanto, Marks, and Simkowitz (2008) argue that 

some students experiencing late onset of ADHD-related symptoms may not have a childhood-

onset developmental disorder, and therefore may have never received a diagnosis. For others, 

retrospective recall of childhood behavior may be difficult to obtain, and/or parents may not be 

able to corroborate their history. The effects of highly organized schools, home environments, or 

other support structures (i.e., sport clubs) can mitigate expressions of symptoms in childhood and 

adolescence, thus altering students’ perception of their behavior as well as that of their parents 

(Wasserstein et al., 2008). An unexpected but noteworthy finding in this study was the observed 

higher mean scores reported by females on all CAARS subscales (although not all statistically 

significant). This finding is discrepant with previous studies in children and adolescent groups 

which have consistently indicated that males are more likely than females to present with 

symptoms of ADHD and to reach the diagnostic thresholds in adulthood than in childhood (Lee 

et al., 2008). The CAARS’ internal reliability coefficients were found to be good and similar for 

both genders. Hence, the CAARS-S: S can be considered as having reliably measured the same 

underlying constructs (i.e., ADHD traits) in both genders. Gender differences observed in this 
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study may have instead been a by-product of differences in response styles. Lee et al. (2008) 

argue that females with ADHD-related symptoms tend to perceive and rate themselves as 

experiencing more associated problems, including quick temperedness, low self-confidence, and 

interpersonal difficulties. Males however may have more limited self-awareness of their issues 

and/or tend to underreport the extent to which they engage in ADHD-related behavior and 

symptoms. This observed gender difference may also be due to an underrepresentation of ADHD 

in females in past research, and this is likely a result of lower identification of ADHD symptoms 

in females in childhood. As Lee and colleagues also noted, a majority of referrals for ADHD 

diagnoses in children are based on manifestations of hyperactive, impulsive, and aggressive 

behavior, and these are more likely to be displayed by boys than girls. Conversely, females tend 

to display inattentiveness which may be missed and preclude them from being referred for a 

diagnosis at a young age. Finally, there were almost twice as many females as male participants, 

and this gender difference in participation rates could have also partly accounted for the higher 

means in self-ratings in females. 

Our findings of high levels of ADHD-like traits in the current sample of university 

students being associated with increasing levels of depression, anxiety, and stress are consistent 

with previous research (Jarrett, 2016; Kwak, Jung, & Kim, 2015; Richards et al., 1999). This 

association may reflect underlying adjustment difficulties resulting from a cumulative effect of 

impairments related to students’ ADHD symptoms as well as stressful and negative 

environmental circumstances they experience (Kwak et al., 2015). High ADHD-related 

symptoms may also induce depressive tendencies and chronic unhappiness due to demoralization 

(Turgay & Ansari, 2006). In young adults who start experiencing the effects of ADHD symptoms 

when they reach university, this demoralization may arise from a sudden perceived inability to 
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live up to their full potential (Turgay & Ansari, 2006). Struggling with ADHD symptoms can 

foster the development of negative self-schemas and increase the salience of personal failures, 

which in turn may contribute to symptoms of depression and stress in challenging situations 

(Knouse, Zvorksy, & Safren, 2013). There is also evidence that an association between ADHD 

traits and depression may stem from a function of family risk, whereby the existence of one 

disorder increases the risk for the other (Biederman et al., 1995).  

Anxiety and stress in university students with clinical levels of ADHD-related symptoms 

may result from constant worry about productivity (i.e., on university tasks, work, etc.) and 

meeting concurrent demands from several aspects of life (Feifel, 2007). Moreover, in a sample of 

421 university students aged 17 to 25 years, Jarrett (2016) noted that those reporting high levels 

of ADHD also experienced anxiety due to deficits in executive functioning. In this study, poor 

executive functioning was linked to difficulties in regulating emotions, self-organization, 

problem solving, and working memory. Furthermore, emotional dysregulation may influence the 

severity of ADHD-related traits and their associations with associated comorbidities such as 

depression (Seymour, Chronis-Tuscano, Halldorsdottir, Stupica, Owens, & Sacks, 2012), anxiety, 

and distress (Retz, Stieglitz, Corbisiero, Retz-Junginger, & Rosler, 2012). Evidence suggests that 

compared with typically functioning individuals, those with ADHD traits demonstrate less 

constructive patterns of emotional coping, poorer persistence on tasks in the wake of frustration, 

higher levels of negative affect, poor problem solving when faced with challenging and 

emotionally evocative situations, more focus on negative aspects of a situation, and difficulties in 

identifying and processing negative emotions (Retz et al., 2012; Seymour et al., 2012). Although 

these hallmarks of poor emotional regulation have been implicated in the development of 
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depression, anxiety, and stress, research in this area is still in its infancy, and more work is still 

needed to elucidate these associations in individuals with “at-risk” levels of ADHD symptoms.  

Contrary to expectations however, not every subscale of the CAARS-S: S emerged as a 

significant predictor of depression, anxiety, and stress in the sample studied. Inattention only 

accounted for a negligible proportion of variance in depression scores but failed to explain any 

unique variance in anxiety and stress scores. The ADHD index only accounted for unique 

variance in anxiety scores but not in depression or stress scales. These findings are surprising, 

given that past research associates poor mental health to symptoms of inattention and overall 

ADHD (Wilens et al., 2009). Conversely, both the Hyperactivity-Impulsivity and the Problems 

with Self-Concept subscales accounted for unique variance in depression, anxiety, and stress 

scores. Wilens and colleagues (2009) also observed that psychiatric comorbidity (including 

major depression and anxiety disorders) was associated with hyperactive-impulsive symptoms in 

adults with ADHD.  

Different methodologies and conceptualizations of ADHD in previous studies compared 

with the current study preclude direct comparison of results. Moreover, in this study, students’ 

self-concept was assessed using a reliable and valid subscale on the CAARS which however 

includes a narrow range of characteristics that relate to poor self-belief, low self-confidence, and 

self-esteem issues. Nonetheless, some tentative explanations of the effects of poor self-concept 

and hyperactivity on depression, anxiety, and distress can be offered based on a study by 

Wilmshurst, Peele, and Wilmshurst (2011). Using the 82-item Tennessee Self-Concept Scale—

second edition (Fitts & Warren, 1996), Wilmshurst et al. found that the self-concept of students 

with ADHD symptoms may be influenced by their perceived competence in coping with and 

managing environmental demands, and their ability to make optimal use of opportunities. 
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Moreover, compared with non-affected peers, they were particularly likely to struggle to 

maintain control and order when faced with the more dynamic, chaotic, and unsettled lifestyle 

that young adulthood and attending university bring. University also involves less direct contact 

with teaching staff, more complex and longer range projects and assignments as well as less 

frequent evaluative feedback compared with what students, particularly those with learning 

difficulties and ADHD, are used to from their secondary school years (Nelson & Gregg, 2012). 

At the end of secondary schooling, students with ADHD symptoms oftentimes feel ill equipped 

and unprepared to cope with the changes that university life brings, and to demonstrate higher 

personal responsibility and self-advocacy in their new environment (Nelson & Gregg, 2012). 

Hence, the experience of depression, anxiety, and stress among university students with ADHD 

symptoms may be elicited by their beliefs of how effective they are at navigating their new 

environments. 

Added to the issue of poor self-concept, continuous inner mental distractions, incessant 

flow of irrelevant thoughts and feelings as well as poor emotional and behavioral regulation 

(indicative of hyperactivity and impulsivity) may bring about psychological issues in students 

with ADHD symptoms (Gray et al., 2014; Weyandt et al., 2003). Although these arguments were 

previously made with regard to students with established diagnoses of ADHD, they may also 

apply to those with high levels of ADHD-related symptoms considering that they exhibit similar 

difficulties and impairments (Richards et al., 1999). However, this proposition is conjectural, and 

future studies should more thoroughly investigate the effects of self-concept and elevated 

hyperactivity on university students, and to explore the specific mechanisms that may elicit 

feelings of depression, anxiety, and stress in these students. 
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In this study, students with high levels of ADHD characteristics also reported higher 

levels of autism-like traits. Surprisingly, most ADHD symptoms, except inattention, contributed 

to social deficits associated with autistic traits. Social skills as measured by the AQ in this study 

also encompassed other dimensions pertaining to preference for routine, ability to switch 

attention and display imagination (Hoekstra et al., 2008). Hence, current results suggest that 

internal restlessness and proneness to boredom, impulsive behavioral tendencies (e.g., 

interrupting during conversation), and/or poor self-views can lead to social difficulties, make it 

hard to keep track of relevant social information, engage in mindreading, and adopt flexible 

behaviors (Hoekstra et al., 2008). As expected, ADHD-related inattention was related, albeit 

weakly, to lower levels of attention to detail. Hyperactivity was also significantly associated with 

poor attention to detail. These results show that attentional difficulties (e.g., distractibility, poor 

concentration, etc.) and hyperactivity/restlessness can reduce the individual’s ability to pay 

attention to, and remember details and patterns in information (Hoekstra et al., 2008). 

These aforementioned findings are somewhat inconsistent with Polderman and 

colleagues’ (2013) study which found that the co-occurrence of ADHD symptoms and autism-

related traits is not related to issues with behavioral hyperactivity but instead can be attributed to 

attentional switching. A main point of difference between the current study and that of 

Polderman and colleagues is that the latter examined attention switching as a separate factor in 

the five-factor model. Evidence suggests not only that this factor may be composed of items that 

do not reliably measure attention switching but also that attention switching itself is not specific 

to ASDs (Hoekstra et al., 2008; Kloosterman et al., 2010). That ADHD symptoms may influence 

autistic-like traits is an important finding as clinicians, particularly in university counseling 

centers, may encounter and treat individuals with these co-occurring symptoms (Leitner, 2014; 
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van Schalkwyk et al., 2016). The co-occurrence of symptoms of ADHD and ASD is also 

associated with increased risk of impairments of daily living, poor psychosocial functioning as 

well as psychopathology (Saccani, Buzzi, & Paccione, 2013).  

Caution should be exercised when interpreting this study’s findings. This study employed 

a cross-sectional design, and participants reported their symptoms either over a brief period (e.g., 

DASS-21) or over an undefined time period (e.g., CAARS and AQ). ADHD is a chronic 

condition, and the reporting of symptoms having been present for at least 6 months is a key 

requirement in informing a diagnosis (APA, 2013). Participants were not required to rate items 

on the CAARS based on their behaviors in the 6 months preceding the study. Assessing 

symptoms over a longer and better defined time period could control for the possibility of 

students reporting temporary symptoms and would be better aligned with DSM-5’s diagnostic 

criteria (APA, 2013). 

Self-report measures of ADHD symptoms are typically symptom based (Gordon et al., 

2006). Yet, level of functional impairment, not number of symptoms, is a more important 

determinant of pathology and treatment seeking (Gordon et al., 2006). Many of the students 

reporting clinical levels of ADHD symptoms in this study and in past studies (see Table 1) may 

not have in their daily lives exhibited signs of maladjustment or poor functioning that would 

have been commensurate with a diagnosis of ADHD. Future explorations of the rates of ADHD 

in Australian universities should investigate potential areas of impairment in major life domains, 

including secondary school graduation, amount of time spent in jobs, composition of friendship 

groups, number of traffic offenses and criminal prosecutions among others. 

Information about students’ symptom was collected via self-report measures only. Shared 

method variance could have therefore driven the correlations between ADHD symptoms, and the 
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DASS and AQ (Lindell & Whitney, 2001). Future studies may benefit from adopting a more 

objective and multimethod assessment approach with less reliance on self-reported behavioral 

ratings (DuPaul, Weyandt, O’Dell, & Varejao, 2009). This would also permit a more complete 

clinical picture of the individuals in line with internationally accepted diagnostic criteria and 

clinical guidelines (National Health and Medical Research Council, 2012). 

In this study, all constructs were treated as dimensional rather than categorical. Hence, in 

assessing current experience of symptoms, no information about participants’ diagnostic statuses 

(i.e., ADHD, mood disorders, anxiety, and ASD) was collected, nor were they diagnosed as part 

of this study. Future research should determine how many students exhibit critical levels of 

ADHD symptoms after controlling for effects of other mental health problems and 

environmental circumstances that can influence their response on measures of ADHD. 

Information about previous diagnosis of ADHD, mood disorder, anxiety disorders, and ASD 

could also help determine the association between diagnostic statuses and self-report of 

symptoms, and how these are related. 

Finally, although the current sample included students undertaking various undergraduate 

courses, coming from various ethnic backgrounds and socioeconomic statuses, and having 

varying mental health histories and family histories of ADHD, such key demographic 

information was not collected. Yet, this information could have provided further insight into 

participants’ response styles and patterns of self-reported symptoms across various social groups 

(Norvilitis, Ingersoll, Zhang, & Jia, 2008; Russell, Ford, Williams, & Russell, 2016). 

Despite its shortcomings, this study is the first to report on the rate of self-reported 

ADHD-related symptoms among undergraduate students in an Australian university setting and, 

to investigate the relationship between ADHD symptoms and those of depression, anxiety, 
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distress and autistic-like traits. Current findings suggest that it is imperative to identify students 

who are at high risk of ADHD, and who may benefit from further comprehensive clinical 

assessments and treatments when necessary to circumvent the occurrence of negative outcomes 

such as depression, anxiety, and stress. Moreover, high levels of autism-like traits were found in 

those with higher levels of ADHD-related characteristics, suggesting that clinicians need to 

assess for the potential co-occurrence of both disorders in individuals presenting for services, and 

that disability services should consider the types of supports these individuals may require to 

allow them progress academically and socially. As self-report measures may be conducive to a 

high number of false positives and because relying on diagnostic history can lead to 

underestimation of true ADHD prevalence rates, it is recommended that future studies in an 

Australian context include data on students’ level of functional impairment and symptom 

severity gathered from a wider range of objective sources. 
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3.1. Abstract 

Neurocognitive domains that are impaired in adults with ADHD have been proposed to account 

for the frequent occurrence of emotional dysregulation (ED) in the disorder. Nonetheless, the 

specific set of neurocognitive domains that may be particularly relevant in this relationship is so 

far poorly defined and, the mechanisms through which they might exert an influence on the 

ADHD-ED association remains unclear. This study therefore focuses on a subset of 

neurocognitive functions that are the most reliably deficient in ADHD, in particular time 

perception and executive control functions (i.e., working memory, attention and inhibitory control) 

and assesses whether these may moderate the link between ADHD and ED. A total of 137 

undergraduate students aged 17 to 25 years and reporting varying levels of ADHD 

symptomatology completed measures of ED, time perception verbal and visuospatial working 

memory, attention and inhibition. Results indicated that, after controlling for psychiatric 

conditions and sex, lower levels of error in processing short durations (e.g., 2s) and poorer verbal 

working memory moderated, or more precisely strengthened the link between ADHD and ED. 

Attention and inhibition were not moderators. These findings underscore the importance of both 

executive control and time perception in the association between ADHD and ED in adults. They 

also suggest a need for additional research to further understand which neurocognitive functions 

impact on ED in affected adults and more importantly, when they impact on emotion regulation 

skills. 

Keywords: time perception, working memory, attention, inhibitory control, self-reported 

ADHD symptoms, emotion dysregulation
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3.2. Introduction 
 

Attention-deficit/hyperactivity disorder (ADHD), a common neurodevelopmental 

disorder is denoted by impairing cross-situational, pervasive and age-inappropriate levels of 

inattention, behavioural activity and impulsivity that appear in childhood (American Psychiatric 

Association [APA], 2013). ADHD symptoms can persist at clinical or subclinical levels 

throughout the entire lifespan and affected adults can suffer considerable impairment as a result 

of their symptoms (Faraone, Biederman & Mick, 2006; Franke et al., 2018). Specifically, 

compared to neuro-typical counterparts, they are more likely to underachieve in their academic 

and occupational pursuits (Arnold, Hodgkins, Kahle, Madhoo & Kewley, 2015; Nugent & Smart, 

2014), experience financial hardship (Küpper et al., 2012), have poorer social and interpersonal 

relationships (Brown, Flood, Sarocco, Atkins & Khachatryan, 2017), have marital troubles 

(Deakin et al., 2004) and engage in unlawful and criminal behaviour (Mohr-Jensen & 

Steinhausen, 2016). Moreover, ADHD is also related to increased risk of developing comorbid 

psychiatric conditions such as major depression, anxiety related disorders, substance abuse, 

antisocial behaviour amongst others (Goodman, 2007; Rommelse et al., 2009). Another factor 

that independently contributes towards and exacerbates the aforementioned impairments in adult 

ADHD is emotion dysregulation (ED) (Skirrow & Asherson, 2013; Retz, Stieglitz, Corbisiero, 

Retz-Junginger & Rosler, 2012; Rüfenacht et al., 2019; Sjöwall & Thorell, 2019).  

ED has received increasing theoretical and empirical attention given its frequent 

association with adult ADHD and its negative effects on prognosis (Rüfenacht et al., 2019). 

Along with knowledge regarding the chronic nature of ADHD, it has also been estimated that up 

to 86% of affected adults experience considerable problems regulating their emotions (Corbisiero 

Mörstedt, Bitto & Stieglitz, 2017; Faraone et al., 2019; Shaw, Stringaris, Nigg & Leibenluft, 
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2014). Underscoring the prominence of ED in adult ADHD, a recent meta-analysis also showed 

that ADHD symptom severity is strongly associated with ED (r = .54) (Beheshti, Chavanon & 

Christiansen, 2020). Despite ample research focusing on the direct association between ADHD 

and ED, much remains unknown about the factors that give rise to and sustain deficient emotion 

regulation. 

Part of the difficulty in establishing the causes of the association between ADHD and ED 

may be attributed to the varied and inconsistent nomenclature used for defining ED across the 

ADHD literature. ED has been used interchangeably with other terms such as emotional lability, 

mood lability, affective lability, emotional instability, emotion regulation deficits, deficient 

emotion self-regulation, distress intolerance, irritability and emotional impulsiveness (Beheshti 

et al., 2020). Nonetheless, these terms are too narrow and as a result, fail to adequately capture 

the gamut of difficulties individuals with ADHD experience (Faraone et al., 2019). In a recent 

practitioner review, Faraone and colleagues (2019) argued that definitions of ED that reflect a 

time course (also termed ‘affective chronometry’) more aptly capture the difficulties displayed 

by ADHD probands as compared to those experienced in other conditions. From this perspective, 

ED is considered a multidimensional construct comprising two primary components. The first 

reflects an inhibitory deficit that leads to stronger and quicker-than normal emotional reactions. 

The second component refers to a self-regulatory deficit that shows as an inability to (a) soothe 

one’s physiological arousal and (b) to elicit cognitive-behavioural skills such as attention 

refocusing and self-organisation in the service of goal-directed behaviour. Poor emotional self-

regulation can lead to (a) emotions peaking to abnormally high levels, (b) unusually prolonged 

emotional reactions and (c) mal-adaptive behavioural responses (Faraone et al., 2019).  
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In line with the multidimensional conceptualisation of ED (Faraone et al., 2019), 

difficulties regulating emotions in ADHD may be associated with an increase in bottom-up 

emotional reactivity and deficits in top-down cognitive control mechanisms (Banaschewski et 

al., 2012; Shaw et al., 2014). Recently, there has been mounting interest in determining the top-

down cognitive control processes that lead to poor self-regulation and emotional impulsivity in 

adult ADHD specifically (Surman et al., 2015; Gisbert et al., 2018). Consistent with multiple 

pathway theories of ADHD (e.g., Castellanos & Tannock, 2002), some of the most prominent 

deficits in adult ADHD encompass problems with (a) time perception (Barkley & Fischer, 2019; 

Castellanos & Tannock, 2002; Noreika, Rubia & Falter, 2013) and (b) executive control 

functions such as inhibitory control, working memory and sustained attention - all of which are 

frontal-lobe mediated executive functions (EF), involved in tasks eliciting cognitive control 

(Boonstra, Oosterlaan, Sergeant & Buitelaar, 2005; Castellanos & Tannock, 2002; Radua, del 

Pozo, Gomez, Guillen-Grima & Ortuno, 2014; Shin et al., 2016; Willcutt, Doyle, Nigg, Faraone 

& Pennington, 2005).  

Some research has investigated the role of the aforementioned cognitive domains in 

relation to ED in child (Banaschewski et al., 2012; Sjöwall, Roth, Lindqvist & Thorell, 2013; 

Walcott & Landau, 2004)) and adult ADHD samples (Gisbert et al., 2018; Hirsch, Chavanon & 

Christiansen, 2019; Sjöwall & Thorell, 2019; Surman et al., 2015) but results have been unclear. 

This literature is reviewed below, with a focus on adults. To our knowledge, however, no 

research has considered time perception. Yet, given the implied temporal nature of emotion 

regulatory processes (Faraone et al., 2019; Waugh, Shing & Avery, 2015), it seems pertinent to 

investigate the role of time perception in ED. 
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3.2.1. Time Perception, ED and ADHD Symptoms 

Time perception refers to an individual’s subjective experience of the passage of time 

(Noreika et al., 2013). The perception and estimation of durations may facilitate the adjustment 

of behavior to specific timeframes, timely responding and consideration of the likely future 

consequences of current behavior (Noreika et al., 2013). As such, time perception is closely 

associated with EFs, a set of cognitive functions that help regulate thoughts and goal-directed 

behaviors which in and of themselves, are embedded within the flow of time (Brown & 

Perreault, 2017). For instance, working memory and attention to time promote the ordering and 

sequencing of behavior whilst also enabling the monitoring and continual updating of 

nontemporal and temporal representations of events (Brown & Perreault, 2017; Noreika et al., 

2013). Inhibitory control is fundamental to the temporal regulation of behavior (Brown & 

Perreault, 2017) and time perception also brings behavior under the control of EF (Brown & 

Perreault, 2017; Marx et al., 2019). Additionally, there is meta-analytical evidence demonstrating 

that brain regions associated with time perception and those engaged in executive control are 

independent but become increasingly intertwined in situations eliciting higher levels of cognitive 

effort (Radua et al., 2014). Importantly though, the regulation of emotions relies on those self-

control mechanisms (Diamond, 2013) and therefore, it can be assumed that being able to 

modulate emotional experiences may require input from timing functions.  

The association between emotion regulation and time perception has been implied. For 

instance, emotional regulation may result from the interaction of several components which 

unfurl along their own individual time scale (Waugh et al., 2015). The widely cited process 

model of emotional regulation also views the latter as a mechanism that not only influences the 

type of emotion that is experienced and how it is experienced, but also, when and for how long it 

is experienced (Gross, 2002; Gross, Richards & John, 2006). As such, this model emphasizes the 
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endurance and development of component processes over time, from the moment the individual 

appraises the emotional event until the time they act on their emotions. These regulatory 

processes are presumably triggered within milliseconds of exposure to the event and can last for 

seconds, minutes and days (Waugh et al., 2015). Finally, as formerly mentioned, Faraone and 

colleagues (2019) also allude to the role of timing mechanisms in ADHD-related ED.  

ADHD is linked with significant deficits in timing abilities including win perceiving time 

(Noreika et al., 2013). Poor time perception in ADHD has been ascertained using various 

paradigms including time estimation, time production, time discrimination and time reproduction 

(Noreika, et al., 2013). The literature on timing in ADHD shows a consistent and specific trend 

of impairment on time reproduction tasks whether it be in children or adults with ADHD 

(Noreika et al., 2013; Barkley & Fischer, 2019). Reproduction tasks involve presenting 

participants with stimuli of varying durations, usually between 2 and 60 seconds (s), and after 

each individual stimulus, having them reproduce those durations, usually by means of button 

presses (Noreika et al., 2013). On these tasks, ADHD participants reliably perform worse than 

neuro-typical peers as evident in (a) accuracy coefficients (AC) indicating a tendency to under-

reproduce time intervals as well as (b) higher absolute discrepancy (AD) scores reflecting high 

degree of reproduction error (Marx et al., 2017; Noreika et al., 2013; Valko et al., 2010). Errors 

in reproduction tend to increase in magnitude with increasing duration length (Barkley & 

Fischer, 2019). Notably, reproduction errors are negatively related to estimation errors (Barkley 

& Fischer, 2019). Hence, when presented with a to-be-reproduced duration, an ADHD individual 

may overestimate the duration by counting too fast. They might therefore under-reproduce the 

duration due to; (i) fast counting, (ii) low tolerance of the duration of the actual interval and (iii) 

difficulties inhibiting their responses. 
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Recently, Barkley and Fischer (2018) showed that impaired time reproduction 

persists in adulthood, even in individuals who no longer meet ADHD diagnostic criteria as 

adults. They also noted, however, that these errors in reproduction occur primarily for longer 

durations (i.e., 18, 27 and 34s) as opposed to shorter durations (i.e., 6 and 11s). This tendency to 

overestimate time has been hypothesized to reflect a speeded internal clock that induces a feeling 

that the passing of time is insufferable (Noreika et al., 2013). This may also explain why 

individuals with ADHD are so delay-averse and respond impulsively. These timing difficulties in 

ADHD have been linked to impairments in the dopaminergic systems which may cause 

irregularities in the internal clock system (Barkley & Fisher, 2019). Given the effects that 

emotions have on perceived durations (Droit-Volet, Fayolle & Gil, 2011) and, given that 

individuals with ADHD already have an abnormal sense of time, this begs the question as to 

whether an impaired sense of time may affect how individuals with ADHD traits regulate their 

emotions across time. 

3.2.2. Inhibitory Control, Working Memory and Attention and ED 

Aside from time perception as a potential cognitive correlate of the association between 

ED and ADHD traits, other domains mentioned earlier, including attention, working memory and 

inhibition are also of interest given that they are commonly impaired in adult ADHD (Boonstra 

et al., 2005; Hart, Radua, Nakao, Mataix-Cols & Rubia, 2013; Mostert et al., 2015; Rubia, 2018; 

van Ewijk et al., 2015; Willcutt et al., 2005). The aforementioned cognitive impairments form 

part of the executive system and have been shown in meta-analyses of functional magnetic 

resonance imaging studies (fMRI) to reflect multi-system neuronal deficits involving the fronto-

striato-thalamic network (for inhibitory control), the fronto-striato-thalamo-parietal network (for 

attention) (Hart et al., 2013), and a network comprising of the superior bilateral prefrontal cortex 
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and left medial frontal cortex/anterior cingulate cortex (for working memory) (McCarthy, 

Sjokauskas & Frodl, 2014; van Ewijk et al., 2015). Neuropsychological assessment of executive 

functions in adult ADHD further support impairments in all four domains (Boonstra et al., 2015; 

Mostert et al., 2015) 

It is plausible that impairments in these specific domains could lead to; poor processing 

of the emotionally-evocative aspect of the situation, difficulty re-appraising the event, troubles 

disengaging from the emotionally-evocative aspects of the event, as well as a tendency to engage 

in rash and poorly-considered responses in emotionally-colored situations (Carlson & Wang, 

2007; Jensen et al., 2018). To date, limited research investigating the role of neurocognitive 

functions in both children and adults with ADHD has included measures of these specific 

domains. In two studies on children with ADHD, however, ED emerged as an independent 

contributor to ADHD symptoms with minimal to no interactions with domains of 

neuropsychological functioning including EFs (Banaschewski et al., 2012; Sjöwall, et al., 2013).  

Adult studies examining whether neurocognitive deficits account for ED have also 

emerged. Surman and colleagues (2015) did not find neuropsychological deficits (including EFs, 

selective attention, visual scanning and verbal learning) to be etiologically linked to ED (as 

measured by items on the Barkley Current Behaviour Scale (Barkley, 1997) in a sample of 235 

ADHD adults. There were also no differences in EF between participants with the combination 

of ADHD and ED and those with ADHD only (Surman et al., 2015). These results are similar to 

more recent findings that neuropsychological functioning do not predict the clustering of adults 

with ADHD within groups denoting high and low emotional lability (Hirsch, et al. 2019).  

In another study, Gisbert and colleagues (2018) analyzed a larger sample of 812 adults 

with ADHD and similarly could not find support for their hypothesis that neuropsychological 
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deficits, including EFs (i.e., complex attention, working memory, attention, visual scanning and 

mental flexibility) mediate the relationship between ED and ADHD. The definition of ED in this 

study, however, was restricted to emotional lability only (EL) and measured using the Emotional 

Lability subscales of the Conners Adult ADHD Rating Scales (CAARS: Conners, Erhardt & 

Sparrow, 1999). Nonetheless, results revealed key group differences in neurocognitive functions. 

Compared to a group of ADHD adults+ low EL, the ADHD group + high EL obtained 

significantly poorer scores on tasks of working memory, namely Digit Span (DS) task and the 

Letter Number Sequencing (LNS) from the Wechsler Adult Intelligence Scale (WAIS) (Wechsler, 

2008). The ADHD + High EL group also produced significantly higher commission, omission, 

perseveration, hit reaction time and standard error variability scores on the Conners Continuous 

Performance Test, 2nd Edition (CPT-II), implying poorer attentional functions and inhibition. 

When taken together, the above findings favor the view that executive control functions 

do not cause the association between ADHD and ED in adults. In fact, executive control deficits 

in adults are heterogenous and not uniformly found in every individual who is diagnosed with 

ADHD (Mostert et al., 2015; Willcutt et al., 2005). For instance, Mostert and colleagues (2015) 

analysed systematically investigated the neuropsychological performance of ADHD adults and 

found that 11% of participants did not demonstrate neuropsychological dysfunction. 

Nonetheless, the results by Gisbert and colleagues (2018) suggest that perhaps adults who have 

ADHD are particularly prone to experiencing poorer emotion regulation skills when they also 

have poor cognitive control, namely inhibition, working memory and attention. Consistent with 

this idea, Sjöwall and Thorell (2019) demonstrated that, in a non-clinical sample of adults 

endorsing varying levels of ADHD symptomology, poorer executive control (e.g., working 

memory and inhibitory control) was moderately related to more deficient emotion regulation 
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skills. Hence, altered neurocognitive functions may still affect the strength of the relationship 

between ADHD and ED. Moreover, ED may occur when deficits in certain neuropsychological 

functions interact with ADHD symptomology. This suggests a moderation analysis may be 

appropriate in clarifying the nature of the relationship between ADHD and ED (Hayes & 

Rockwood, 2017). 

Given the heterogeneity of symptoms of ADHD, ED and executive control functions 

(Beheshti et al., 2020; Boonstra et al., 2005; Mostert et al., 2015; Shaw et al., 2014) and given 

that these constructs are not isomorphic, it seems sensible to investigate the relationship amongst 

them using a dimensional approach. A categorical approach would also fit in well with findings 

that ADHD symptoms are best viewed as being on a continuum and that diagnostic boundaries 

impact on meaningful distinctions between individuals with and without ADHD (McLennan, 

2016).  

3.2.3. Aims and Hypotheses 

The overarching purpose of this study was to contribute to the emerging literature 

attempting to elucidate the specific mechanisms through which neurocognitive functions exert an 

influence on the association between ADHD and ED. To this end, our specific aim was to 

establish whether neurocognitive functions well established to be impaired in adults with ADHD, 

namely executive control functions (i.e., working memory, attention and inhibitory control) and 

time perception, moderate the strength of the association between ADHD symptoms and ED. In 

line with this aim, it was posited that the association between ADHD symptoms and ED would 

be stronger amongst adults exhibiting poorer temporal processing, lower working memory, 

poorer attention and higher levels of disinhibition. Sex and psychiatric status were included as 

controlled variables given previous research showing their associations with ED (Corbisiero, 
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Stieglitz, Retz & Rosler, 2013; Surman et al., 2013; Gisbert et al., 2018). Testing these 

moderation models, we address the question of when an individual with high ADHD traits may 

be particularly susceptible to also experiencing deficient emotion regulation.  

3.3. Method 

3.3.1. Participants 
Participants were 139 undergraduate students enrolled in an introductory psychology unit 

at the University of Western Australia (UWA). These participants were recruited by means of an 

advertisement posted on a university online recruitment system. Forty-six percent of participants 

were female and 54% male. Ages ranged between 17 and 25 years (M = 19.47; SD= 1.96). 

Participants reporting a current mental health or psychiatric diagnosis were included. Thirty 

individuals (21.6%) reported psychiatric and/or neurodevelopmental diagnoses including anxiety 

disorders (11.5%), depression (9.4 %), ADHD (4.3%), as well as other disorders (totaling 6.5%) 

such as eating disorder, post-traumatic stress disorder or PTSD, Borderline Personality Disorder, 

sleep disturbances,), oppositional defiant disorder, specific learning disorder  and autism 

spectrum disorder. Some of these participants reported with a diagnosis of two mental illnesses 

concurrently (8.6%) and 2.9% reported being diagnosed with three or more of these disorders. 

The study’s protocols were approved by the ethics committee of UWA (RA/4/1/8003). 

Participation was voluntary and participants signed an informed consent. They received unit 

credit points in exchange for participation. 

3.3.2. Tasks/Materials 
The study involved a total four tasks. These included one attention task and two time 

perception tasks administered on an ASUS laptop with a 15.6-inch monitor, a display with a 

resolution of 1366 x 768 and a refresh rate of 60 Hz. Working memory tasks were administered 
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face to face and involved three working memory tasks – one in the visuospatial domains and two 

in the auditory/verbal domains.  

3.3.2.1. Time perception. The present study used a time reproduction task similar to the 

one employed by Marx and colleagues (2010; 2017) to examine time estimation in the range of 

several seconds. The duration to be reproduced was signaled by the appearance of a bright white 

square against a mid-gray background. Participants were seated at an arm’s length in front of the 

monitor and advised that a white square would appear on the screen for some time. They were 

asked to estimate the duration of this white square. They were then instructed to press the 

spacebar once to display a black square on the screen for the same amount of time they had 

perceived the white square to have appeared on the screen. When this time had elapsed, they 

were required to push the spacebar again to make the black square disappear. Participants were 

provided with a practice trial during which a 5s interval was presented to them to be estimated 

and reproduced. In the experiment proper, to-be-reproduced time intervals were 2, 6, 12, 24, 36 

and 48s long, presented in a randomized order across participants and with a 2s inter-trial 

interval. Each duration was presented twice, resulting in 12 trials altogether. The stimuli for the 

time perception tasks were generated and controlled via MatLab (MathWorks Inc.) and the 

Psychophysics Toolbox (Brainard, 1997). 

Outcome measures for this particular task were the coefficient of accuracy (AC) and the 

absolute discrepancy (AD) score. An AC is calculated by dividing the sample duration given on 

each trial by the duration reproduced by the participant. A coefficient of 1 reflected perfectly 

accurate reproduction of the trial duration. Coefficients above 1 indicated overestimation of the 

relevant duration whereas a score below 1 indicated underestimation of the duration) (Barkley & 

Fischer, 2018). A grouping approach was adopted in this study to reduce the number of variables 
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inserted into the analyses as has previously been done by Marx and colleagues, (2017). Similar 

to Marx and colleagues (2017), ACs were categorized into “short” and a “long” durations with 

the 2 and 6s durations representing “short” durations and the 12, 24, 36 and 48s representing 

long durations. This grouping method was validated by means of correlational and exploratory 

factor analyses (EFA) (see supplementary materials).  AD reflects the absolute degree of 

difference between the sample duration given on each trial and the participant’s actual 

reproduction, regardless of whether the duration was over- or under-reproduced. Higher AD 

scores reflect greater variability or degree of error in reproduction (Barkley & Fischer, 2019). 

Unlike the AC scores, correlations and EFA did not support the grouping of time intervals into 

“short” or ”long” categories and therefore, AD scores were not amalgamated (see supplementary 

materials).  

3.3.2.2. Working memory. The Spatial Span Task of the Wechsler Memory Scale, Third 

Edition (WMS-III; Wechsler, 1997) was designed to assess visuospatial working memory. 

During this task, the participant was presented with ten spatially-distributed cubes mounted atop 

a board. The examiner tapped on a series of blocks in increasing sequence length and the 

participant was to repeat (also by tapping) each sequence in the same order (forward condition) 

or in reverse order (backward condition). Task load was intensified by increasing the number of 

boxes presented from 2 to 9, each sequence being presented twice. Spatial Span scores range 

from 0 to 16 for each condition with the score obtained representing the highest level at which 

the participant reproduced at least one correct sequence. Raw scores were converted into scaled 

scores.  

The DS task as well as the LNS task on the Wechsler Adult Intelligence Scale- Fourth 

Edition (WAIS-IV) (Wechsler, 2008) examined the auditory/verbal modality of working memory. 
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The DS subtest consists of the following recitation conditions; forward, backward and 

sequencing. In the forward condition, the participant is read strings of increasingly longer digit 

sequences (starting with a two-digit sequence) that they are required to recall and repeat back. In 

the backward condition, the participant must recall and read the presented digit sequences in the 

reverse order. In the sequencing condition, the participant is required to repeat back the digits 

presented in ascending order. Reading of digit sequences ceases when the participant fails to 

accurately report either trial at a sequence length or when the maximal list length is attained. The 

LNS subtest is a brief complex span task assessing verbal working memory (Shura, Hurley & 

Taber, 2016). It involves presentation of 24 items consisting of a series of letters and numbers. 

These are read to the participants who are then asked to recite both back in ascending order, with 

the numbers first and then the letter. Scores on the subtests were converted to age-adjusted scaled 

scores for use in the final analyses. 

3.3.2.3. Attention and Inhibition. The Conner’s Continuous Performance Test – 3rd 

Edition (CPT- 3) (Conners, 2014) is a widely used computerized task which evaluates attentional 

capabilities as well as inhibitory skills in research and clinical settings (Conners, 2014). Total 

administration time for the CPT-3 is 14 minutes and involves six blocks during which all letters 

of the alphabet are presented on the screen for 250ms, in a random order and with random inter-

stimulus intervals of 1, 2 and 4s. During administration, the respondent presses the space bar of 

the keyboard for every letter but needs to withhold pressing when the letter “X” appears. A short 

practice trial is provided to ensure the participant understands the task prior to proceeding. 

Responses reflect variance for both accuracy of responding and reaction time. Numerous 

measures can be gathered including; omission errors (denoting a failure to respond to target 

letters and therefore acting as a marker for inattentiveness), commission errors (denoting 
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response to the letter X and measuring inhibition), detectability (d՛; index of one’s ability to 

discriminate targets (x) from non-targets (other letters), perseveration (denoted by reaction times 

undern 100ms), Hit Reaction Time (HRT; indexing average speed of responding over the entire 

test), Hit Reaction Time Standard Deviation (HRTSD; indexes consistency in reaction times), 

variability (denotes level of variability and consistency in reaction time), Hit Reaction Time 

Block Change (HRTBC; indicates fluctuations in reaction times across the six administration 

blocks), and Hit Reaction Time Inter-stimulus Change (HRT_ISI) denotes changes in average 

reaction times at the three different inter-stimulus interval lengths namely, 1, 2 and 4s). Some 

composite scores were calculated to obtain measures of attentional problems and impulsivity 

(Conners, 2014). As per the CPT-3 manual, T scores for detectability, omissions, commissions, 

HRT, HRT_SD and variability were summed to derive an overall measure of inattentiveness. 

HRTBC was used to indicate problems with sustained attention.  A measure of inhibitory control 

was derived by summing t scores for HRT, commissions and perseverations. On each of these 

composite measures, a higher score indicates higher levels of difficulties with attention and 

inhibition. Psychometrically, the CPT-3 has good test-retest coefficients ranging from 0.05 to 

0.92, good split-half reliability and also showed strong validity in terms of differentiating clinical 

and non-clinical groups (Conners, 2014).  

3.3.3. Questionnaires  
Two self-report questionnaires assessing for ADHD symptomology and emotion 

regulation skills were also administered.  

3.3.3.1. Emotional Dysregulation. The Difficulties with Emotional Regulation Scale 

(DERS) (Gratz & Roemer, 2004) was used as a measure of ED as, in line with favored 

conceptualizations of ED in the context of ADHD (Faraone et al., 2019), this measure captures 

relevant domains of ED. For instance, the DERS comprises subscales examining emotional 
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impulsivity (i.e., difficulties withholding impulsive behaviors prompted by the emotions) and 

cognitive- behavioral processes including one’s understanding and clarity regarding experienced 

emotions, acceptance of these emotions, access to contextually-appropriate strategies to aid de-

escalation, and the ability to engage in goal-directed activities when experiencing emotions 

(Gratz & Roemer, 2004).  The DERS (Gratz & Roemer, 2004) is a 36-item multi-dimensional 

measure tapping into six domains of ED; nonacceptance (i.e., a tendency to engage into negative 

secondary responses to negative emotions and to engage in distress denial), goal-directed 

behaviour (assessing problems with concentrating and accomplishing tasks whilst experiencing 

negative emotions), impulsivity (capturing the individual’s ability to control their behaviour when 

upset), lack of emotional awareness (denoting inattention to emotional responses), limited access 

to emotion regulation strategies (denoting an internal assumption that there is little one can do to 

self-regulate their emotions effectively) and the emotional clarity (denoting  the extent to which 

the individual feels unclear about the emotions that they are experiencing). The individual rates 

the extent to which the item applies to them using a 5-point Likert scale ranging from 1 (‘Almost 

Never’) to 5 (‘Almost Always’).  

A five-factor model excluding items from the Awareness subscale was adopted in this 

study as it has been shown to have a better fit in undergraduate samples than the original six-

factor model (Fowler et al., 2014; Lee, Witte, Bardeen, Davis & Weathers, 2016). Internal 

consistency of the DERS in the current study ranged from good to excellent with Cronbach’s 

alpha values for each subscale as follows; Nonacceptance = .85; Goal-Directed Behaviour = .89; 

Impulse Control Difficulties = .86; Strategies = .88; Emotional Clarity =.84 and DERS Total 

(excluding Awareness subscale) = .94. Inter-item correlations across all subscales ranged 

between .48 (Strategies) and .65 (Goals) (Gratz & Roemer, 2004). The DERS was found to have 
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good test-retest reliability over a 4-to-8-week period in a nonclinical sample of adults (Gratz & 

Roemer, 2004). 

3.3.3.2. ADHD Symptomology. In this study, the short form of the CAARS (CAARS: S-

S) Conners et al., 1999) was used to ascertain severity of ADHD-related symptoms regardless of 

diagnostic status.  This self-report measure of ADHD symptomology is used in individuals aged 

18 years or older (Conners et al., 1999). Items on the CAARS-S: S can be summarized under five 

subscales, namely Inattention/Memory Problems (indicating problems with self-organisation, 

completion of tasks, concentration and learning new information efficiently), 

Hyperactivity/Restlessness (indicating a tendency to be on the go, difficulty staying still for long 

periods of time and symptoms of restlessness), Impulsivity/Emotional Lability (denoting swift 

changes in mood, engaging in impulsive acts, proneness to anger and irritability), Problems with 

Self-Concept (indicating problems with social relationships, low self-esteem and low self-

confidence) and ADHD Index score (derived by summing selected items from each of the 

subscales mentioned above). Examinees use a 4-point Likert-type (from 0 = not at all, never to 3 

= all the time, always) rating scale. Raw scores on the subscales and the ADHD Index are 

converted to a t-score based on norms for age and sex. Higher t-scores indicate higher ADHD 

symptoms. The subscales’ reliability coefficients in both male and female undergraduates range 

from adequate to good (Nankoo, Palermo, Bell & Pestell, 2018) and test-retest reliability over a 

month is high (r = 0.80 - 0.91) (Conners et al., 1999). Confirmatory factor analysis ascertained 

that the CAARS-S: S fit the data well (Conners et al., 1999). The title of the CAARS was 

removed to preclude participants from knowing the nature of the study and to minimize the risk 

of biased responses.  
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3.4. Procedure 

Participants were tested during one-on-one 90 minute sessions held in a quiet laboratory. 

The tasks were administered in the same order for all participants and in such a way that non-

computerized and computerized tasks were alternated. The order was as follows; spatial span 

task, CPT-3, Digit Span, Letter Number Sequencing, and a time reproduction task. 

Questionnaires, namely the DERS and the CAARS-S: S were completed respectively at the end 

to minimize the likelihood that asking participants about their behaviour and emotions would 

impact on their responses during the cognitive tasks. Finally, participants were asked to complete 

a demographics questionnaire including questions about their country of origin, native language, 

any past diagnoses of neurodevelopmental or psychiatric diagnoses or neurological impairment 

and any medications they were on at the time of the study. Following the questionnaires, a 

debrief sheet was provided to each participant. 

3.5. Statistical Analyses 

Statistical analyses were run using SPSS student version 24. All demographic 

information, scores on cognitive measures and questionnaire responses were screened for 

missing values and violations of normality. No missing data were identified. However, inspection 

of the probability-probability plot (P-P plot) and measures of skewness and kurtosis indicated 

violation of the assumption of normality for several variables, including for CPT-3 Inhibition, 

Reproduction AD 6s, Reproduction AD 36s as well as for the ACs. The current sample size was 

deemed large enough to ignore this type of violations. Outliers were handled by winsorization. 

That is, extreme scores were replaced with a score that was 3 standard deviations from the mean 

(see appendices, Table A1 depicting the number of outliers that were winsorized for each 
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variable). Two multivariate outliers were detected via Mahalanobis distance and were removed 

from further analyses. Hence, final analyses were based on 137 cases.   

To gain an overview, inter-correlations between all variables were calculated first. Then, 

to test the prediction that neurocognitive functioning (in working memory, attention, inhibition 

and time perception) moderate the degree to which self-reported ADHD symptom severity 

elevates ED, a series of moderation analyses were conducted using hierarchical multiple 

regression analyses and the PROCESS macro (version 3.4) (Hayes, 2013). Independent variables 

included self-reported ADHD symptomology, each of the moderators (working memory, 

composites for inattention and inhibitory control and time reproduction AC for short and long 

durations and ADs) as well as the interaction terms. These interaction terms were created by 

multiplying the independent variable (i.e., ADHD symptomology) and the respective moderator 

in each of the models, after centering them to have a mean of 0. The dependent variable of each 

model was ED. Moderation was denoted by a statistically significant interaction of p < .05.  

3.6. Preliminary Analyses. 

In order to ascertain that sex and psychiatric illness were important covariates to be 

included in the moderation analyses, a series of preliminary analyses with independent samples t-

tests were conducted. It was found that there were significant differences between ratings of ED 

provided by those with a formal psychiatric illness (M = 97.32, SD = 25.65) and those without 

(M = 86.19, SD = 19.22), t (30.29) = -2.05, p < .05, two-tailed. There were also significant sex 

differences on some of the neurocognitive measures of interest, notably the DS, the LNS, the 

WMS Spatial Span as well as on some composite scores calculated based on the CPT-3 

composite measure of inattentiveness (see appendices for Tables A2 and A3) depicting results of 

group comparisons). Hence, a dummy-coded variable denoting psychiatric status was entered as 
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a control variables in the moderation analyses. Sex was also dummy-coded and entered in a 

similar manner in analyses involving working memory and attention as independent variables. 

3.7. Results 

Table 1 below displays descriptive statistics, including mean (M), standard deviation (SD) 

and range of scores for each variable of interest. Additionally, Table 2 depicts inter-correlations 

amongst the variables, in particular, self-reported ADHD symptoms, ED and neurocognitive 

functions examined in this study. Results indicated a strong and positive correlation between 

self-reported ADHD symptomology and ED. This represented a medium effect size of .384 by 

Cohen’s conventions (Cohen, 1998). Following this, we examined associations between self-

reported ADHD symptom severity and neurocognitive domains. As Table 2 shows, ADHD 

symptomology held significant albeit weak correlations with some neurocognitive measures, 

namely AD_12 and 48s of the time reproduction task as well as with the spatial span task. Higher 

levels of difficulty regulating emotions were also related to time perception only, and more 

precisely to AD (denoting absolute error) for the 6s and the 48s durations.  

3.7.1. The Moderating Effects of Neurocognitive Functions on the ADHD-ED Association 

With regards to the main hypothesis of this study, a series of simple moderation analyses 

were conducted and results for each neurocognitive domain are detailed further next.  

3.7.1.1. Time perception. In testing the prediction that time perception moderates the 

degree to which ADHD symptom severity elevates ED, independent moderations analyses 

comprising both ACs (short and long) and ADs were conducted. With regards to the ACs, 

regressions for both the short and long duration were statistically significant; Short_AC, R = 

.657, R2 = .432, F (4, 131) = 24.885, p < .001; Long_AC, R = .658, R2 = .432, F (4, 131) = 

24.940, p < .001. As can be seen on Table 3, however, only ADHD symptomology and 
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Table 1 
Descriptive Statistics for Study Variables including Proposed Moderators (n = 137) 

Variable M SD Observed Range 

ED 

DERS_Total 88.43 20.81 48 - 141 

ADHD Symptomology (CAARS-S:S Index) 56.45 8.56 35 - 76 

Time Perception 

Time Reproduction - AD 
  

2s 0.79 0.57 0.04 -2.92 

6s 1.25 0.96 0.10 - 5.43 

12s 1.96 1.44 0.13 - 7.18 

24s 4.71 4.86 0.23 - 22.31 

36s 6.74 5.74 0.23 - 28.20 

48s 8.6 8.1 0.03 - 36.01 

Time Reproduction - AC 
   

Short Durations 0.53 0.08 0.36 – 0.82 

Long Durations 0.57 0.24 0.46 – 2.22 

WAIS-IV Digit Span 10.54 2.69 6.00 – 18.98 

WAIS-IV LNS 10.58 2.68 5.00 – 18.86 

WMS-III Spatial Span Score 11.88 2.17 5.00 – 17.00 

CPT-3a 

   
Inattentiveness 277.84 24.82 231.00 – 366.60 

Sustained Attention 49.12 7.2 23.00 – 67.00 

Inhibitory Control 145.53 9.42 131 – 174.32 
Note. DERS = Difficulties with Emotional Regulation; ADHD = Attention Deficit/Hyperactivity Disorder; CAARS: S-S = Conners Adult ADHD 
Rating Scale Short Version; AD = Absolute Discrepancy; AC = Accuracy Coefficient; WAIS-IV = Wechsler Adult Intelligence Scale; LNS = 
Letter-Number Sequence; WMS-III = Wechsler Memory Scale, 3rd Edition; CPT-3= Continuous Performance Test, 3rd Edition;. a = all 
calculations are based on standardised t scores. 
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Table 2. 

Intercorrelations amongst all the variables in the current study. 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. DERS_Total -                

2. CAARS_ADHD Index .62** -               

3. AD2 .07 .10 -              

4. AD6 .22* .08 .20* -             

5. AD12 .05 .18* .21* .44** -            

6. AD24 .09 .11 .09 .19* .25** -           

7. AD36 .11 .10 .07 .15 .34** .20* -          

8. AD48 .17* .17* .04 .25** .38** .27** .33** -         

9. AC_Short Durations -.07 -.03 .12 -.10 .10 -.06 -.04 -.03 -        

10. AC_Long Durations .01 .03 .10 -.02 .18* .64** .28** .15 -.09 -       

11. WAIS-IV DS .02 .10 -.14 -.16 -.24** -.16 -.10 .01 -.15 -.13 -      

12. WAIS-IV LNS -.02 .02 -.12 -.13 -.14 -.18* .06 .04 -.11 -.10 .62** -     

13. WMS-III Spatial Span  .07 .21* -.09 -.08 -.01 -.03 .13 .08 .05 -.10 .34** .29** -    

14. CPT3_Inattention .07 .12 .17* .03 .13 .28** .29** .24** .02 .20* -.18* -.05 -.08 -   

15. CPT-3 Sustained Attention .00 .03 .02 .18* -.04 .06 -.03 .12 -.17 -.10 .02 .01 -.07 .03 -  

16. CPT-3 Inhibitory Control .11 .10 .17* .03 .08 .23** .26** .24** .02 .15 -.14 -.07 -.13 .88** -.04 - 

Note. Listwise N = 137; CAARS = Conners’ Adult ADHD Rating Scale – Short Version; AD = Absolute Discrepancy; AC_Short = 

Accuracy Coefficient for short durations grouping; AC_Long = Accuracy Coefficient for long duration grouping: WAIS-IV = 
Wechsler Adult Intelligence Scale, fourth edition; LNS = Letter and Number Sequence; WMS-III = Wechsler Memory Scale, third 

edition; CPT-3 = Continuous Performance Test, third edition; HRTBC = Hit Reaction Time Block Change.  
*p ≤ .05. **p ≤ .001.
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psychiatric illness significantly predicted ED. Conversely, neither ACs nor their interactions with 

ADHD symptoms predicted elevations in ED. Given the non-significant interaction terms, there 

was no evidence that inaccurate judgement of durations, whether short or long, influence the 

degree to which ADHD symptoms elicit higher levels of ED.  

The other measure of time perception, AD was also examined for its influence on the 

association between ADHD and ED. All six durations (2, 6, 12, 24, 36 & 48s intervals) were 

entered into respective models. Here, all regressions were statistically significant, and each 

model of predictors accounted for a significant variance in ED scores (see Table A4 in Appendix 

for Model Summary). When interaction terms between each AD and ADHD symptomology were 

added to each model, only the AD for the 2s duration emerged as a significant, albeit 

unexpectedly negative moderator, b = -.58, 95% CI [-1.14, -0.02], t = -.2.05, p < .05 (Table 3). 

Simple slopes analysis (see Figure B1 in Appendix B) indicated that the negative association 

between ADHD symptoms and ED was strengthened at high, b = 1.18, 95% CI [.74, 1.62], t = 

5.28, p <.001, mean b = 1.52, 95% CI [1.21, 1.83], t = 9.59, p <.001 and even more so at low 

levels of AD for the 2s duration. In other words, lower levels of error in the reproduction of the 

2s duration enhanced the ADHD-ED association. Also observable is that ADs for longer 

durations (i.e., 6s and above) did not moderate the link between ADHD and ED. For all 

durations, only ADHD symptoms and psychiatric status predicted ED (see Table 3). Hence, these 

results partly support the hypothesis that time perception, in this case of a short 2s duration, 

influences the extent to which ADHD symptoms are associated to higher ED. 
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Table 3 

Difficulties with Regulating Emotions as Predicted from ADHD Symptomology and Accuracy 
Coefficients from the Reproduction of Short and Long Durations. 
Model Predictor β SE B t 

Outcome: 

ED 

Scores AC_Short 
   

 Constant 75.81 [67.03 , 84.58]** 4.34 17.09 

 Psychiatric_D 10.39 [3.34 , 17.45]* 3.57 2.91 

 ADHD Symptomology  1.51 [1.19 , 1.83]** 0.16 9.43 

 AC_Short -7.17 [-41.73 , 27.39] 17.47 -0.41 

 AC_Short X ADHD Symptomology  -0.65 [-4.23 , -2.93] 1.81 -0.36 

 AC_Long 
   

 Constant 75.64 [66.84 , 84.44]** 4.45 17.00 

 Psychiatric_D 10.56 [3.50 , 17.61]* 3.57 2.96 

 ADHD Symptomology  1.51 [1.18 , 1.83]** 0.17 9.15 

 AC_Long  -3.63 [-15.65 ,  8.38] 6.07 -0.60 

 

AC_Long X ADHD Symptomology  -0.16 [-2.77 , 2.46] 1.32 -0.12 

 AD_2s    

 Constant 75.90 [67.29 , 84.52]** 4.36 17.42 

 Psychiatric_D 10.56 [3.65 , 17.48]* 3.50 -2.05 

 ADHD Symptomology  1.52 [1.20 , 1.83]** 0.16 9.59 

 AD 2s  -0.22 [-4.91 , 4.48] 2.37 -0.09 

 AD 2s X ADHD Symptomology  -0.58 [-1.14 , -0.02]* 0.28 -2.05 

AD_6s    
Constant 76.17 [67.52 , 84.83]** 4.38 17.41 

Psychiatric_D 10.05 [3.10 , 17.00]* 3.51 2.86 
ADHD Symptomology  1.47 [1.16 , 1.79]** 0.16 9.27 

AD 6s  3.01 [-0.30 ,  6.31] 1.67 1.80 
AD 6s X ADHD Symptomology  0.07 [-0.37 , 0.50] 0.22 0.29 

 AD_12s    

 Constant 76.00 [67.35 , 84.64]** 4.37 17.39 

 Psychiatric_D 10.51 [3.59 , 17.43]* 3.50 3.00 

 ADHD Symptomology) 1.58 [1.26 , 1.90]** 0.16 9.77 
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Model Predictor β SE B t 

 AD 12s -1.41 [-3.47 , .64] 1.04 -1.36 

 AD 12s X ADHD Symptomology  -0.14 [-.38 , .11] 0.12 -1.12 

 AD_24s    

 Constant 75.00 [65.99 , 84.00]** 4.55 16.47 

 Psychiatric_D 11.00 [3.82 , 18.18]* 3.63 3.03 

 ADHD Symptomology  1.51 [1.19 , 1.83]** 0.16 9.40 

 AD 24s  -0.12 [-.75 , .51] 0.32 -0.38 

 AD 24s X ADHD Symptomology  0.03 [-.06 , .11] 0.04 0.60 

 AD_36s    

 Constant 76.19 [67.43 , 84.95]** 4.43 17.21 

 Psychiatric_D 10.20 [3.18 , 17.21]* 3.55 2.88 

 ADHD Symptomology  1.52 [1.20 , 1.84]** 0.16 9.46 

 AD 36s  0.18 [-0.35 , 0.72] 0.27 0.68 

 AD 36s X ADHD Symptomology  -0.00 [-.08 , .02] 0.03 -1.15 

 AD_48s    

 Constant 73.90 [64.80 , 82.99]** 4.60 16.08 

 Psychiatric_D 11.73 [4.53 , 18.93]* 3.64 3.22 

 ADHD Symptomology  1.50 [1.18 , 1.82]** 0.16 9.25 

 AD 48s  0.07 [-0.33 , 0.46] 0.20 0.35 

 AD 48s X ADHD Symptomology  0.03 [-0.02 , 0.08] 0.02 1.20 

Note. Listwise N = 136; AD = Absolute Discrepancy; AC_Short = Accuracy Coefficient for short 
durations grouping. *p ≤ .05. **p ≤ .001 (two-tailed).  
 

 

Figure 1. A statistical diagram of the moderating role of absolute error in reproducing a 2s duration in the 
association between ADHD symptomatology and elevations in emotion dysregulation. 
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3.7.2. Attention, Inhibition and Working Memory as Moderators 

Next, the moderating role of attention, inhibitory control and working memory 

respectively were conducted with sex and psychiatric status as covariates. Result of those 

moderation analyses are depicted in Table 4. Again, ADHD symptoms and psychiatric status 

were consistently found to predict ED. Inhibition and indices of attention as derived by the CPT-

3 were found to not be significant moderators of the relationship between ED and ADHD 

symptoms (Table 4). Hence, varying levels of inhibitory control and attentional capabilities did 

not interact with ADHD symptomology to account for the difficulties in regulating emotions. 

Conversely, the LNS emerged as a significant moderator of the relationship ADHD and ED, b = 

-.15, 95% CI [-.28, .03], t = -.2.36, p = .020 (see Table 4). The interaction of ADHD and LNS 

accounted for a significant proportion of the variance in ED, R =.68, R2 = .46, F (5, 130) = 22.31, 

p <.001. It was also found that the positive association between ADHD symptoms and ED held 

at low b = 1.85, 95% CI [1.42, 2.28], t = 8.52, p <.001, medium b = 1.43, 95% CI [1.12, 1.75], t 

= 9.02, p <.001 and high b = 1.02, 95% CI [.51, 1.5228], t = 3.98, p <.001, LNS scores. 

Nonetheless, the association between ADHD and ED was particularly strong at lower levels of 

auditory/verbal working memory (see Appendix B, Figure B2).  

In summary, current results support expectations that verbal working memory influences 

the degree of the association between ADHD symptom severity and ED. Concurrently, results 

also reject the hypothesis that visuospatial working memory, attention (i.e., sustained attention 

and inattentiveness) and inhibition play a moderating role in the ADHD-ED association. 

Table 4. 

Linear Model of Attention and Inhibition as Moderators  

Model Predictor β SE B t 
Outcome: ED 
Scores CPT-3    
 Inattentiveness    
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Model Predictor β SE B t 
 Constant 68.77 [55.65 , 81.89]** 6.63 10.37 
 Psychiatric_D 11.73 [4.67 , 18.79]** 3.57 3.29 
 Sex   3.36 [-2.27 , 8.98] 2.84 1.18 
 ADHD Symptomology    1.50 [1.18 , 1.81]**   .16 9.33 
 Inattentiveness    - .04 [- .00 , .03]   .06 -.63 
 Inattentiveness X ADHD Symptomology     .01 [- .00 , .03]    .01  1.49 

 Sustained Attention    
 Constant 75.30 [66.52 , 84.07]** 4.44 16.97 
 Psychiatric_D 10.82 [3.77 , 17.87]* 3.56 3.04 
 ADHD Symptomology  1.52 [1.20 , 1.84]   .16 9.44 
 HRTBC  -.16 [-0.54 ,  0.23]   .20 - .80 
 HRTBC X ADHD Symptomology   .10 [-0.04 , -0.06]   .03   .36 
 Constant 75.30 [66.52 , 84.07]** 4.44 16.97 

 Inhibitory Control    
 Constant 68.09 [55.00 , 81.19]** 6.62 10.28 
 Psychiatric_D 11.78 [4.62 , 18.95]** 3.62 3.25 
 Sex 3.82 [-1.75 , 9.39] 2.82 1.36 
 ADHD Symptomology  1.46 [1.14 , 1.78]**   .16 9.09 
 Impulsivity       .02 [-.29 , .33]   .16   .11 
 Impulsivity X ADHD Symptomology   .03 [-.01 , .06]   .02 1.42 

 WAIS-IV    
 DS    

 Constant 67.99 [54.85 , 71.12]** 6.64 10.24 
 Psychiatric_D 11.82 [4.80 , 18.84]** 3.55 3.33 
 Sex   4.15 [-1.57 , 9.87] 2.89 1.44 
 ADHD Symptomology    1.49 [1.18 , 1.80]**  .16 9.40 
 DS  -.56 [-1.65 , .52]  .55 -1.03 
 DS X ADHD Symptomology -.12 [-.25 , .01]  .07 -1.81 

 LNS    
 Constant 67.79 [54.80 , 80.79]** 6.57 10.32 
 Psychiatric_D 11.74 [4.79 , 18.68]** 3.51 3.34 
 Sex 4.21 [-1.43 , 9.84] 2.85 1.48 
 ADHD Symptomology  1.43 [1.12 , 1.75]** 0.16 9.02 
 LNS  -0.31 [-1.33 ,  0.72] 0.52 -0.59 
 LNS X ADHD Symptomology  -0.15 [-0.28 , - 0.03]* 0.07 -2.36 

 WMS-III    
 SS    

 Constant 69.42 [56.42 , 82.43]** 6.57 10.56 
 Psychiatric_D 10.62 [3.40 , 17.84]* 3.65 2.91 
 Sex 4.12 [-1.58 , 9.82] 2.88 1.43 
 ADHD Symptomology  1.52 [1.20 , 1.84]** 0.16 9.30 
 SS  -0.45 [-1.82 , 0.92 0.69 -0.65 
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Model Predictor β SE B t 
 SS  X ADHD Symptomology  -0.06 [-0.21 , .10] 0.08 -0.77 

Note. Listwise N = 137; WAIS-IV = Wechsler Adult Intelligence Scale, fourth edition; LNS = 
Letter and Number Sequence; WMS-III = Wechsler Memory Scale, third edition; CPT-3 = 
Continuous Performance Test, third edition.*p ≤ .05. **p ≤ .001 (two-tailed). 
 

 
Figure 2. A statistical diagram of the moderating role of LNS (auditory/verbal working memory) 

in the association between ADHD symptomatology and emotion dysregulation. 

 

3.8. Discussion 

Difficulties regulating emotions are highly prevalent in adults with ADHD and are 

considered an associated feature of ADHD in the DSM-5 (APA, 2013). As expected, and in 

support of past research examining the relationship between ADHD and emotional difficulties 

(Beheshti et al., 2020), this study found that adults reporting higher ADHD symptom severity 

also reported more difficulties regulating their emotions. Furthermore, in seeking to clarify the 

nature of adult ADHD symptoms, we also examined whether performance on a time perception 

task as well as a set of frontal-lobe mediated neurocognitive factors involved in self-regulatory 

processes - working memory, attention and response inhibition - would moderate the association 

between ADHD and ED. This was the case for time perception, as well as auditory working 

memory, after controlling for psychiatric status and sex. However, contrary to expectations, 

visuospatial working memory, inhibition and attention did not emerge as significant moderators. 
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Current findings that errors in time perception, specifically of the 2s duration, may cause 

problems with the expression and modulation of emotional states in ADHD were novel. These 

results support the view that conceptualizations of ED in the context of ADHD should emphasise 

the temporal nature of emotion regulation processes (Faraone et al., 2019). An even more 

intriguing and unexpected finding was that lower levels and not higher levels of error in 

reproducing the 2s duration moderated the ADHD-ED association. In other words, more 

veridical reproductions of the 2s duration specifically enhanced ADHD-related emotional 

difficulties in individuals reporting higher levels of ADHD symptomatology.  

It is beyond the scope of this study to ascertain the reasons for why such results were 

found. Nonetheless, tentative explanations can be provided based on previous research also 

showing that better time perception has previously been found in children with ADHD during 

presentation of emotional stimuli compared to neurotypical peers (Nazari, Mirloo, Rezaei & 

Soltanlou, 2016). In the latter research, a dual-task duration discrimination paradigm was 

employed whereby participants (ADHD children and controls) were to identify which picture 

within a pair of emotionally charged pictures lasted longer. As such, this task involved temporal 

(i.e., selecting the longer lasting picture) and non-temporal processes (i.e., attending to the 

emotionally charged picture). Nazari and colleagues (2016) found that on this task, ADHD 

participants displayed better time perception in ADHD, as reflected in lower discrimination 

thresholds. Nazari and colleagues therefore reasoned that ADHD participants may display more 

accurate temporal processing when facing emotionally evocative situations as they might focus 

their attention more on the temporal component of the task. This accurate processing of time, 

however, may come at the expense of processing the emotional aspects of the situation properly. 

Controls on the other hand, who presumably have better cognitive control mechanisms, may 
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divide their attention between temporal and non-temporal domains in an attempt to 

simultaneously process this information, resulting in poorer temporal processing but better 

integration of emotional information (Nazari et al., 2016).  

Clearly, it is not possible to tell whether individuals reporting higher levels of ADHD 

symptoms would have better time perception but poorer regulation in emotional situations as our 

temporal stimuli were neutral. Moreover, we can only vaguely relate our results to those of 

Nazari and colleagues (2016) because the nature of the tasks were different. For instance, a time 

reproduction task was employed here as opposed to Nazari and colleagues who employed a time 

discrimination task. However, our results together with those of Nazari and colleagues raise the 

possibility that people with ADHD may display abnormally accurate time processing in 

emotional situations which may have an inverse relationship with their ability to regulate their 

emotions. This proposition should be examined further in future research.  

A possible but very tentative explanation for why the short, 2s interval was also found to 

influence ED in individuals with high ADHD traits can also be provided, Specifically, it has been 

shown that individuals with ADHD tend to exhibit maladaptive behaviour in daily situations that 

require judgements of short time intervals (Stavrinos et al., 2011; Nikolas et al., 2015). Such 

instances of poor temporal judgments have been associated with a tendency of ADHD probands 

to display impatience (or delay aversion) and act impulsively. Notably, past research with ADHD 

probands has shown that they are more likely to misjudge the right time to cross between 

approaching motor vehicles on a busy road (Stavrinos et al., 2011). In such situations ADHD 

individuals would initiate crossing behaviour during shorter time intervals, that is, when traffic 

was heavier and there was less time between vehicles passing by (Stavrinos et al., 2011).  
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These timing errors and impatience have been observed across a range of behaviours in 

ADHD patients and have been related to risk-taking and maladaptive behaviour (Noreika et al., 

2013). Current results demonstrate that these observations may extend to emotionally-evocative 

situations given that emotions and emotion regulation often occur within rapidly changing 

contexts involving short timeframes (Fang, Sauter, & van Kleef, 2018; Waugh et al., 2015). 

Further research is needed to help validate these explanations by examining the specific 

mechanisms by which poor emotion regulation and judgement of durations, particularly short 

ones, are related.  

Surprisingly, the direction of the inaccuracy in reproduction (as measured by AC) did not 

play a role in the ADHD-ED association. Hence, it may not matter whether an individual over- or 

underestimates time as to whether they are more likely to experience problems regulating their 

emotions. This finding is somewhat surprising when interpreted within the context of the 

attentional gate theory (Zackay & Block, 1994). In particular, if emotions, especially negative 

ones have an elongating effect on time perception due to their attention-grabbing effect and their 

speeding up of physiological arousal (Droit-Volet et al., 2011), then one could expect that 

individuals with high levels of ADHD traits (who already have a propensity for lengthened sense 

of time) might overestimate time even more when experiencing emotions and as a result, they 

might respond impulsively. However, past findings also reveal that ADHD adults do not always 

overestimate time as much as they display greater levels of absolute error on reproduction time 

(Barkley & Fischer, 2019). An absence of significant correlations between ADHD symptoms and 

AC scores in this study supports this latter observation. It is also worth noting that this study 

provided some preliminary observations of the association between time perception accuracy and 

self-report ED whilst incorporating only neutral temporal stimuli which were administered under 
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neutral laboratory conditions. To further test the effects of time perception difficulties on emotion 

regulation, future studies should consider examining the relationship between time reproduction 

accuracy and performance on more ecologically valid measures of emotion regulation in various 

emotional contexts (i.e., using emotionally evocative stimuli of low to high intensity as well as 

positive, negative or neutral in valence). 

This study’s findings also demonstrated that verbal working memory influenced the 

strength of the relationship between ADHD symptoms and ED. Specifically, it was found that 

poorer verbal working memory can worsen ED in the context of ADHD symptoms. This result 

suggests that lower working memory capacity in individuals with elevated ADHD traits can 

undermine the latter’s ability to interpret and express their emotions in an adaptive and flexible 

manner (Jensen et al., 2018). These results are in agreement with previous research in children 

showing a similar relationship (Jensen et al., 2018; Groves, Kofler, Wells, Day & Chan, 2020). 

Current findings also provide some clarification regarding the manner in which ED and working 

memory may be related in the context of adult ADHD. In this vein, our study extends on the 

research by Gisbert and colleagues’ (2018) which as mentioned earlier, only found group 

differences whereby ADHD adults reporting higher emotional lability also had poorer working 

memory compared to ADHD adults with low emotional lability. Hence, by adopting a moderation 

approach, this study was able to specify the conditions under which verbal working memory may 

lead to poorer emotion regulation abilities.  

It should, however, also be acknowledged that other research in both children 

(Banaschewski et al., 2012) and adults (Surman et al., 2015) have failed to show a significant 

relationship between ADHD-related ED and verbal working memory. Nonetheless, a strength of 

our findings compared to the latter is that verbal working memory was measured using both the 
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DS and the LNS. As mentioned earlier, within the context of Baddeley’s (1983) model of working 

memory, the LNS not only uses the phonological, but also involves the episodic buffer which 

integrates and modulates stored information according to pre-established knowledge (i.e., of 

numerical order and of the alphabet on the LNS). This greater processing demand imposed by the 

LNS presumably relies on the central executive (a key component of cognitive control) to a greater 

extent than would passive storage and reversal of the digit span conditions (Jensen et al., 2018).  

Interestingly, in the current sample, higher verbal working memory was associated with 

higher ED at low levels of ADHD symptoms (see Figure 2). In other words, individuals with 

better working memory functioning and low ADHD symptoms tended to report worse difficulties 

regulating their emotions than individuals with poorer working memory functioning and low 

ADHD symptoms. It is beyond the remits of this study to explain this particular result although, 

this may suggest that other variables that may influence working memory and ED need to be 

considered. An example might be cognitive flexibility as suggested in a study investigating the 

impairing effects of emotions on working memory capacity (Figueira et al., 2017). Specifically, 

Figueira and colleagues (2017) found that individuals who displayed better cognitive flexibility 

could more adequately update information in working memory and control the access of 

unpleasant emotional information into working memory. As such, better cognitive flexibility may 

help maintain goal-directed information in mind and promote adjustment of behaviour to 

changing situational demands (Figueira et al., 2017). Hence, it is plausible that emotion 

regulation may not rely merely on the ability to maintain information in mind for manipulation 

but also on the ability to effectively shield goal-relevant information from distracting and 

intrusive thoughts (Figueira et al., 2017). Given that cognitive flexibility is also reliably impaired 
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in ADHD (Balint, Bitter & Czobor, 2015; Roshani, Piri, Malek, Michel & Vafaee, 2020), this 

variable should be examined in relation to ED in future research.  

Contrary to expectations, ED was not related to measures of inhibition, attention and 

visuospatial working memory. This is somewhat discrepant with findings that compared to 

counterparts with ADHD + no ED as well as normal controls, adults diagnosed with both ADHD 

and ED scored lower on the CPT-II commission, omission and perseveration scores which 

purportedly tap into the aforementioned domains respectively (Gisbert et al., 2018). In another 

study, however, there were no significant differences between ADHD individuals with and 

without symptoms of ED on the Stroop test, another measure of inhibitory control (Surman et al., 

2015). It is difficult to compare our results to those of Surman and colleagues (2015) due to the 

different measures used for inhibition in both studies. Moreover, while it is commonly assumed 

that continuous performance tests and Stroop tests assess similar cognitive functions (i.e., 

inhibitory control), there may actually be dissimilarities between them (Maoz, Aviram, Nitzan, 

Segev & Bloch, 2015). This view is based on neuroimaging studies that have found that brain 

areas that are activated during the performance of the CPT only partially overlap those that are 

activated whilst performing the Stroop task (Schneider et al., 2010; van Mourik, Oosterlaan & 

Sergeant, 2005). Supporting this, Maoz and collagues (2015) also found no correlation between 

commission errors from their CPT tasks and the Stroop’s non-congruent condition in their 

ADHD sample. 

That sustained attention and inattentiveness did not exert an influence on ADHD and ED 

was also unexpected as attentional deficits are core to ADHD symptoms and have been shown to 

play an important role in emotion regulation (Strauss et al., 2013). However, in our sample 

ADHD symptoms were self-reported and high levels of inattention may not have reflected a 
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valid diagnosis nor genuine and chronic deficits in attentional functions. Indeed, research shows 

that self-report measures of attentional problems correlate poorly with objective measures 

(Groen et al., 2019; Williams et al., 2017). Hence, even individuals who reported symptoms of 

both ADHD and ED may have still fared well on the CPT-3 (a sensitive of attentional 

dysfunctions) as they could adhere to the task demands and maintain good levels of attention 

throughout its entirety. On the flip side, it is also possible that those individuals with genuine 

attentional deficits under-estimated or under-reported their symptoms of ED and ADHD. Both 

these assumptions are supported by the absence of any correlations between indices of attention 

on the CPT-3 and the ADHD Index and the DERS respectively.  

Other studies based on both behavioural and neuroimaging methods also showcase 

attention as a fundamental component in achieving emotion regulatory goals (Viviani, 2013). In 

a nutshell, this research shows that when attentional demands increase in an emotional situation 

(i.e., due to higher complexity and difficulty), responses to emotional stimuli weaken (Berggren, 

Richards, Taylor, & Derakshan, 2013). Other behavioural studies attest to the effects of over-

attending to stimuli (as can occur in ADHD) with emotional content and the role of emotion-

congruent attentional biases in poor behavioural choices and the subsequent development of 

affect-related psychopathology (Berggren et al., 2013; Yiend, 2010; Wadlinger & Isaacowitz, 

2012).  Hence, if the overall efficiency of the attentional system is impaired as is the case in 

ADHD, one may have greater difficulties engaging in emotional regulation (Wadlinger & 

Isaacowitz, 2012). Clearly, attention should be further assessed for its influence on ED in clinical 

samples of ADHD adults. 

The present findings also suggest some important theoretical implications which may 

require further validation in a study of individuals with established diagnoses of ADHD. In 
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particular, questions have been raised regarding models of ADHD that rely too heavily on 

executive functions to explain deficits such as those seen in emotion regulatory processes 

(Boonstra et al., 2005; Gisbert et al., 2018). This argument originated from a meta-analysis of 13 

studies in which no differences between executive functions and other cognitive functions in 

ADHD patients could be found (Boonstra, et al., 2005). Moreover, other meta-analyses provide 

evidence that EF weaknesses are neither necessary nor sufficient for a diagnosis of ADHD to be 

made (Willcutt, Doyle, Nigg, Faraone & Pennington, 2005; Eubig, Aguiar & Schantz, 2010). The 

present study provides preliminary support for this view by showing that time perception may 

play a key role in how individuals with ADHD symptoms modulate their emotions. Conversely, 

our results also caution against abandoning executive functions altogether in future explorations 

of the neuropsychological correlates of ED in ADHD, particularly because working memory was 

found to be involved in this link. Unlike past research, this study adopted a different approach as 

recommended by Gisbert and colleagues (2018). Hence, instead of considering 

neuropsychological factors as having a causal role in ADHD-related deficits in emotion 

regulation or as explaining why ED arises, the approach here was simply to specify when ED 

arises in the context of ADHD. Such an approach considers the heterogeneity of ADHD and ED 

symptoms and acknowledges that not everyone with symptoms of either or both experiences 

cognitive deficits (Mostert, et al., 2015).    

3.8.1. Limitations and Directions for Future Research 

This study is not without limitations. First, the present findings are based on a sample of 

undergraduate students with a mean age of 19 years and a maximum age of 25. Hence, the results 

may not generalize to the wider population of adults, particularly those in older age brackets. 

Furthermore, such a sample presents the risk of not observing true or meaningful correlations 
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between ADHD symptomology, ED and cognitive functions as it can be assumed that university 

students, including those with ADHD generally possess average to above average cognitive 

abilities which would have earnt them admission to university (Heilingenstein, Guenther, Levy, 

Savino & Fulwiler 1999). Hence, generally normal to above average cognitive skills could have 

masked the impact of cognitive deficits on the relationship between ED and ADHD. In support 

of this idea, performance on the working memory tasks (DS, LNS and SS) as well as on CPT-3 

largely fell within the Average range (see Table 1) 

Second, a dimensional approach to ADHD was adopted and no information about 

diagnostic status was gathered. This approach was advantageous in capturing information about 

individuals who may be “at-risk” of having ADHD but may not have a diagnosis. There is indeed 

emerging evidence that in university settings, some young adults endorse high levels of ADHD-

related symptomology although they may not carry a formal diagnosis (Pope et al., 2007; 

Harrison, Alexander & Armstrong, 2013; Nankoo, et al., 2018). Whilst the CAARS is a highly 

specific and sensitive screening measure used to assist the diagnosis of ADHD (Conners et al., 

1999), high scores on the ADHD Index subscale would not necessarily imply a formal diagnosis. 

Thus, a dimensional approach may have precluded the observation of important group 

differences on the neurocognitive domains assessed as well as in ED. Moreover, it was not 

possible to ascertain that those participants who rated themselves highly on the CAARS did so as 

a result of genuine ADHD symptoms or due to other symptoms that mimic ADHD such as 

insomnia, mental health disorders such as Borderline Personality Disorder, depression, anxiety, 

substance abuse amongst others (Fatseas, Debrabant, & Auriacombe, 2012). Endorsement of 

ADHD symptoms can also reflect genuine misattributions of transient cognitive and mental 

health issues (Murphy, Gordon & Barkley, 2002).  
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A third limitation of this study pertains to measures employed. The measure of emotion 

dysregulation, the DERS, was a self-report questionnaire which in and of itself carries several 

shortcomings listed by Demetriou, Ozer and Essau (2015). The DERS asks questions about 

difficulties with processing and responding to emotional situation which to some may be 

sensitive and it is therefore possible that at least some participants may not have provided 

truthful answers. Asking participants to rate a statement may have also limited their ability to 

report on the true extent of their experiences with regulating their emotions. Furthermore, biases 

in responses on the DERS may also stem from misunderstanding of the questions, poor self-

awareness or lack of insight into one’s own problems, or to other sources of bias such as social 

desirability bias. Future research should gather informant reports of emotion regulation. Other 

more ecologically valid measures of emotional regulation, particularly tasks that are dynamic 

and involve real-time processing should also be considered (Li & Yuen, 2015). A similar point 

could be made about the time perception task. In this study, the time reproduction task included 

only neutral stimuli (i.e., a square shape). This approach was deemed suitable for providing 

baseline and unbiased information regarding participants’ processing of time. Nevertheless, 

emotions influence the perception of time through their role on physiological arousal and 

attention (Li & Yuen, 2015). Future research should employ measures that allow for more fine-

grained observations of how emotions alter time perception in ADHD and vice versa. An 

example of such a measure may include one with adequate temporal resolution such as event-

related potentials (ERPs), during tasks necessitating emotional processing and regulation 

(Herrmann et al., 2009). It is also recommended that future research seeking to replicate the 

current research findings employ purer measures of time perception such as time discrimination 

tasks. This is because, time reproduction tasks are believed to be influenced by other EFs such as 
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attention, working memory and inhibitory control (Noreika et al., 2013). Hence, it is plausible 

that current findings of a moderating effects of time perception on the ADHD-ED association 

may have been confounded by participants EFs.  

To conclude, this study demonstrated that some neurocognitive factors implicated in 

multiple pathway theories of ADHD (e.g., Castellanos & Tannock, 2002) such as working 

memory and time perception may be important in determining the strength of the association 

between ADHD and ED. The role of attention and inhibition as moderators of this association 

could not be established, partly due to the potential inadequacies of the tasks used and/or due to 

the nature of the current sample of undergraduate students upon which this work is based. More 

work is needed to clarify the role of both these cognition functions and their implications in 

adults with formal diagnoses of ADHD. 
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Appendix A 

Table A1. 

No of Cases that were found to be outliers on each Variable 

Variable No of Outliers 

  

WAIS-IV Digit Span  3 

WAIS-IV LNS 3 

WMS Spatial Span 1 

Inattentiveness 2 

Inhibitory Control 2 

Sustained Attention 1 

Reproduction_AD 2 3 

Reproduction_AD 6 3 

Reproduction_AD 12 3 

Reproduction_AD 24 5 

Reproduction_AD 36 4 

Reproduction_AD 48 4 

Reproduction_AC_Short  2 

Reproduction_AC_Long 2 
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Table A2. 

Sex Differences on all Study Variables 

Variables Males Females p-value 

      M SD M SD 

 

 

 
DERS_Total  90.20 19.68 85.82 22.18 .223  

 
ADHD_Index  57.11 8.07 55.76 9.23 .363  

 
Digit Span 11.36 2.75 9.69 2.21 <.001  

 
LNS  11.26 3.02 9.73 1.98 <.05  

 
SS  12.41 2.14 11.25 2.02 <.05  

 Inhibitory Control 144.12 10.10 147.10 8.70 .069  

 
Inattentiveness  273.32 25.60 282.87 24.36 .028  

 
Sustained Attention 191.10 11.49 194.30 12.00 .111  

 
AC_Short  .52 .07 .55 .08 .088  

 
AC_Long  .56 .20 .59 .28 .513  

 
AD_2s  .79 .61 .77 .54 .893  

 
AD_6s  1.29 .97 1.10 .59 .122  

 AD_12s  1.94 1.56 1.89 1.14 .821  

 
AD_24s  4.28 4.61 4.95 4.75 .406  

 
AD_36s  6.48 5.80 6.70 5.11 .824  

 
AD_48s  8.10 7.67 8.87 8.01 .558  
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Table A3. 

Differences in Psychiatric Illness Diagnosis Status on all Study Variables 

Variables 

Psychiatric 

Illness 

No Psychiatric 

Illness p-value 

      M SD M SD 

 

 

 
DERS_Total  97.32 25.65 86.20 19.22 ≤.05  

 
ADHD_Index  56.88 9.12 56.41 8.53 .806  

 
Digit Span 10.32 2.44 10.67 2.70 .549  

 
LNS  10.24 2.52 10.64 2.75 .508  

 
SS  10.84 1.60 12.12 2.20 <.05  

 Inhibitory Control 148.13 8.73 144.87 9.67 .124  

 
Inattentiveness  280.99 22.87 276.90 25.97 .468  

 
Sustained Attention 196.35 10.78 191.68 11.89 .073  

 
AC_Short  .54 .09 .53 .08 .805  

 
AC_Long  .59 .29 .57 .23 .688  

 
AD_2s  .74 .55 .79 .59 .718  

 
AD_6s  1.31 .59 1.16 .87 .420  

 AD_12s  1.94 1.25 1.91 1.42 .936  

 
AD_24s  4.80 5.01 4.53 4.61 .796  

 
AD_36s  6.10 3.84 6.70 5.80 .602  

 
AD_48s  7.47 6.74 8.66 8.04 .493  
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Table A4.  

Model Summary for Moderation Analysis with AD as Predictor and ED as Outcome Variable 

    
Predictor R R2 F 
    
    
AD_2s .670 .448 26.61** 
AD_6s .667 .445 26.28** 
AD_12s .669 .447 26.47** 
AD_24s .658 .432 24.96** 
AD_36s .661 .437 25.442** 
AD_48s .663 .440 25.681** 

Note:  Degrees of freedom for all variables were (5, 30). *p ≤ .05. **p ≤ .001. 

 

 

Table. A5. 

Model Summary with Working Memory, Inhibition, Sustained Attention and Inattentiveness as 

Moderators of the ADHD-ED Association. 

    
Predictor R R2 F 
Attention and Inhibition (CPT-3)    

Inattentiveness .669 .447 21.06** 
Sustained Attention .658 .434 25.07** 

Inhibitory Control .668 .446 20.96** 
Working Memory    

Digit Span .673 .453 21.57** 
Letter Number Sequencing .680 .462 22.31** 

Spatial Span .664 .441 20.53** 
Note:  Degrees of freedom for all variables were (5, 30), except for sustained attention for which 

degrees of freedom was (4,31). *p ≤ .05. **p ≤ .001. 
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Appendix B 

 

Figure B2. Simple slopes equations of the regression of ED on ADHD symptoms at three levels of AD 2s. 

 

 

Figure B2. Simple slopes equations of the regression of ED on ADHD symptomology at three levels of 

LNS (Auditory/Verbal Working Memory)
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CHAPTER FOUR: THE NEUROCOGNITIVE UNDERPINNINGS OF 
EMOTIONAL DYSREGULATION IN ADULTS WITH ADHD: A 
FOCUS ON EXECUTIVE CONTROL AND TIME PERCEPTION 

_______________________________________________________________________________ 
Marie M. A. Nankoo, Bell, J. A., Palermo, R., Paterson, R., & Pestell, C. F.
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4.1. Abstract 

Emotional dysregulation (ED) is a prominent feature of adult attention-deficit/hyperactivity 

disorder (ADHD), yet the etiology of this symptom domain remains largely unknown. Here, we 

examine the role of neurocognitive factors that are consistently impaired in adult ADHD as 

possible predictors of ED in adult ADHD.  These factors include executive control functions, 

(namely working memory, verbal and nonverbal), attention, inhibition) and time perception. 

Analysis of 279 adults (97 with ADHD and 182 without) confirmed that those diagnosed with 

ADHD displayed poorer nonverbal working memory on a Spatial Span (SS) task, more attentional 

and inhibitory deficits on the Continuous Performance Test, Third Edition (CPT-3), and made 

significantly more errors on a time reproduction task thus indicating poorer time processing. ED, 

measured with the Difficulties with Emotion Regulation Scale (DERS), was also associated with 

these very neurocognitive measures. Importantly, regression analyses demonstrated that after 

controlling for ADHD diagnosis and psychiatric illness, error in reproducing some time intervals 

(i.e., 6 & 12s durations) accounted for the most unique variance in ED, followed by inattentiveness 

and poor inhibition. In combination, results of this study confirm that timing skills and top-down 

executive control functions (which according to multiple pathway theories of ADHD are 

implicated in the etiology of ADHD) also help account for deficient emotion regulation in affected 

adults.  

Keywords:  Emotion dysregulation, adult ADHD, executive control, working memory, attention, 

inhibition, time perception.
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4.2. Introduction 
 

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder which 

denotes age-inappropriate inattention, motor hyperactivity and impulsivity that appear prior to the 

age of 12 and cause significant impairment across life domains (American Psychiatric Association 

(APA), 2013). ADHD is one of the most commonly diagnosed psychiatric illnesses, affecting 

around 6.5% of school-aged children and 2.5%- 4.4% of adults worldwide (Franke et al., 2018). 

Aside from the three core diagnostic symptoms already noted, emotional dysregulation (ED) is a 

common characteristic of ADHD, typically manifesting as mood swings, emotional outbursts, low 

frustration tolerance, and reactive aggression (Franke et al., 2018; Shaw, Stringaris, Nigg & 

Leibenluft, 2014).  

Interestingly, ED is especially prominent in adult ADHD with up to 86% of diagnosed 

adults estimated to exhibit negative emotionality and poor emotion regulatory skills (Corbisiero, 

Mörstedt, Bitto & Stieglitz, 2017), compared to up to 45% of diagnosed children (Faraone, 

Biederman & Mick, 2006). ED exacerbates the severity of ADHD symptoms and worsens 

prognosis, even in individuals who no longer fulfil the full diagnostic criteria in adulthood 

(Corbisiero, et al., 2017; Rüfenacht et al., 2019). Poor emotional processing and reactivity hinder 

quality of life and cause impairment in social, interpersonal, occupational and academic realms 

(Surman et al., 2013). ED also leads to high-risk behaviour (e.g., sexual promiscuity, illicit drug-

taking, dangerous driving, etc.), criminality (Retz, Stieglitz, Corbisiero, Retz-Junginger, & Rösler, 

2012; Rüfenacht et al., 2019), mental ill-health and negative psychosocial outcomes in the mid- and 

long-term (Sobanski et al, 2008).  

Why ED exists alongside ADHD symptoms is still quite unclear. The core features of 

ADHD themselves (i.e., inattention, hyperactivity and impulsivity) as well as comorbid disorders 

(e.g., somatic symptoms, sleep problems, mood disorders, antisocial personality disorder or conduct 

disorder) (Sobanski et al., 2010; Skirrow & Asherson, 2013; Retz, et al., 2012; Rüfenacht et al., 

2019) have been shown to contribute towards ED, albeit only partially (Corbisiero, et al., 2017). 
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Nonetheless, a comprehensive account of the etiology of ED in adult ADHD is still lacking (Hirsch, 

Chavanon & Christiansen, 2019).  

Recently, it has been suggested that altered brain networks and neuropsychological 

impairments that are associated with ADHD may also account for the emergence of ED 

(Banaschewski et al., 2012; Shaw et al., 2014). Shaw and colleagues (2014) proposed three 

theoretical models that have helped formulate hypotheses regarding the role of neurocognitive 

factors in ADHD-related ED. The first model posits that ED may originate from the same 

neurocognitive deficits in inhibitory control that are associated with the core symptoms of ADHD 

(Barkley, 2010). This model has, however, does not take into account that ED is not perfectly 

correlated with inhibitory control (e.g., Banaschewski et al., 2012; Boonstra, Oosterlaan, Sergeant 

& Buitelaar, 2005). Moreover, the presentation of ADHD-related ED is heterogeneous with not 

every individual with ADHD displaying impairing levels of difficulties in the emotional domain 

(Beheshti, Chavanon & Christiansen., 2020; Faraone et al., 2019). The second model views the 

combination of ADHD and ED as representing a more severe form of ADHD with a higher 

symptom load and a poorer outcome than the predominantly inattentive and the predominantly 

hyperactive/impulsive presentation (Corbisiero et al., 2017; Shaw et al., 2014; Hirsch et al., 2019). 

This is supported by evidence of poor emotional regulation being particularly elevated in siblings of 

adult patients presenting with a combination of ADHD and high ED partly implying a genetic 

component (see review by Retz et al., 2012). The third model considers ADHD and ED as distinct 

yet correlated dimensions with partly overlapping neurocognitive deficits (Shaw et al., 2014). This 

latter model suggests multiple brain pathways and neuropsychological impairments are associated 

with the heterogeneous presentation of ADHD symptoms, including the presence of ED (Nigg, 

Willcutt, Doyle & Sonuga-Barke, 2005; Mostert et al., 2017). Moreover, it also acknowledges that 

not all aspects of neurocognitive functioning are equally impaired in ADHD and only 11 to 40% of 

diagnosed individuals present with neurocognitive impairments (Biederman et al., 2011; Mostert et 



CHAPTER 4: EMOTION DYSREGULATION, ADULT ADHD, NEUROCOGNITION  
 

175 
 

al., 2015; Rosello, Berenguer, Raga, Baixauli & Miranda, 2020; Sjowall, Roth, Lindqvist & 

Thorell, 2012).   

When present, neurocognitive deficits assume a rather stable course in ADHD alongside ED 

symptoms (Beheshti et al., 2020; Mostert et al., 2017). According to multiple pathway theories of 

ADHD (e.g., Castellanos, Sonuga-Barke, Milham & Tannock, 2006), the dysfunctions observed in 

the disorder can be accounted for by distinct neurocognitive pathways, including executive control 

functions such as attentional domains (i.e., sustained attention, reaction time variability), verbal and 

nonverbal working memory, inhibition control as well as delay aversion and time perception. In 

fact, deficits in these functions, particularly executive control functions (also referred to as top-

down cognitive control functions) and timing have been posited to be endophenotypic of the 

disorder (Rommelse et al., 2008; Hwang-Gu & Gau, 2015).  Evidence for this view comes from 

research showing that these deficits are heritable (Robbins, Gillan, Smoth, de Wit & Ersche, 2012) 

and familial (e.g., Bralten et al., 2016; Kuntsi et al., 2010). Moreover, it has been shown that these 

types of neurocognitive dysfunctions are the most commonly impaired in adults with ADHD 

(Barkley & Fischer., 2019; Boonstra et al., 2005; Marx et al., 2011; Mostert et al., 2017; Noreika, 

Rubia & Falter, 2013; Sjöwall, Roth, Lindqvist & Thorell, 2013). Finally, there is also ample 

literature linking these deficits with functional brain abnormalities compared to neurotypical peers 

(see Rubia, 2018 for review). In particular, functional magnetic resonance imaging (fMRI) studies 

have shown that individuals with ADHD (both children and adults) display abnormal activation in 

the right inferior cortex, supplementary motor area, anterior cingulate cortex and fronto-striato-

thalamic network which is responsible for inhibitory control (Hart et al., 2013; Skokauskas & Frodl, 

2014; Norman et al., 2016). Working memory problems have been associated with underactivation 

of the bilateral middle and superior prefrontal cortex, left medial frontal cortex and anterior 

cingulate cortex (McCarthy et al., 2014). Attentional difficulties have been linked with the fronto-

striato-thalamo-parieto network (Hart et al., 2014) and timing deficits with the fronto-parieto-

cerebellar networks (Hart et al., 2012; Noreika et al., 2013; Wiener et al., 2010). 
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Theoretically, these very cognitive domains map onto specific pathways which, according 

to Nigg & Casey (20095) may be altered or poorly developed in ADHD, thus impeding cognitive 

control mechanisms. The fronto-striatal loops (the so-called ‘what’ circuits) are associated with 

sustained attention in multistep and/or complex situations, shifting attention, response time 

variability in decision-making contexts, inhibitory control and working memory. The other 

pathway, the frontoneocerebellar circuits (the ‘when’ circuit) promotes temporal information 

processing and thus the adjustment of behaviour within appropriate timeframes. A breakdown in 

any of these loops may hinder one’s ability to plan and maintain appropriate thoughts and actions in 

different situations, to temporally predict events and act or react in a timely manner, and to maintain 

arousal regulation. These features are all hallmarks of ADHD (Nigg & Casey, 2005) and are also 

reflected within definitions of ED that are deemed appropriate and specific to the disorder (Faraone 

et al., 2019). Specifically, ED in ADHD is believed to arise as a result of; (i) an over-reactivity to 

emotionally-salient stimuli and (b) deficient self-regulatory processes (Faraone et al., 2019). 

Deficient self-regulatory processes here impede on the individual’s ability to engage higher-order 

cognitive processes to inhibit or delay pre-potent responses and to engage in adaptive behaviour 

(Ahmed, Bittencourt-Hewitt & Sebastian, 2015; Hirsch et al., 2019).  

4.2.1 Current Evidence of the Role of Executive Control on the Link between ED and Adult 
ADHD 

To the best of our knowledge, there is limited and inconclusive research attempting to 

clarify the role of neurocognitive factors in the relationship between ED and ADHD in adults. 

Surman and colleagues (2015) assessed a sample of 235 individuals aged between 18 and 55 years 

on a set of EFs, including vigilance and distractibility, planning and organisation, interference 

control, set shifting, categorization, selective attention, visual scanning and verbal learning. No 

differences in the assessed EF domains were found between participants with ADHD who endorsed 

high levels of ED and those who did not on an eight-item scale derived from the Current Behaviour 

Scale (CBS) (Barkley, 1997). Some of the measures employed may not have been sensitive enough 

to detect the effect of cognition on ADHD and ED. For example, working memory was assessed 
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using the Digit Span (DS) Backwards, a task which when used alone is arguably not a robust 

enough measure of verbal working memory (Jensen et al., 2018). More recently, performance on 

the Letter-Number Sequencing (LNS), a task deemed to be a more sensitive measure of working 

memory was found to account for the association between ED and ADHD, at least in children 

(Jensen et al., 2018). Moreover, the measure of ED, namely the CBS was not established as a valid 

and comprehensive measure of this symptom domain (Surman et al., 2015). Supporting the findings 

by Surman and colleagues, however, Hirsch and colleagues (2019) showed that neuropsychological 

functioning may not be an important factor determining the clustering of adults with ADHD within 

two clusters representing low and high ED (Hirsch et al., 2019). Instead, comorbid psychological 

functioning and sex were more important determinants. That is, Cluster 1 was comprised of adults 

(with ADHD) with lower ED whilst Cluster 2 was comprised of adults, mostly females, with more 

severe ED as well as depressive mood, psychological distress and negative affect.  

In a larger sample of 812 adults with ADHD, Gisbert and colleagues (2018) also failed to 

show that neuropsychological deficits (in this case, EFs, verbal learning and memory, intellectual 

functions, processing speed, visual scanning) mediate the relationship between ADHD and one 

aspect of ED, namely, emotional lability. Nonetheless, they found that compared with participants 

reporting low ED, those with high ED were significantly more likely to be female and, to be 

impaired on measures of working memory, namely the DS and LNS, as well as on indices of 

attention (hit reaction time, standard error variability, detectability and perseverations) and 

inhibition on the Conners Continuous Performance Test (CPT) (Gisbert et al., 2018). Furthermore, 

Sjöwall and Thorell (2019) reported that self-reported ED was moderately correlated to self-

reported neuropsychological difficulties in working memory and attention in a sample of young 

adults with varying levels of ADHD symptoms. Together, these results by Gisbert and colleagues 

(2018) and Sjöwall and Thorell (2019) indicate that neuropsychological deficits may not necessarily 

cause the relationship between ADHD and ED, although poor executive control alongside ADHD 

symptoms can worsen emotion regulation deficits. 
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4.2.2. Time Perception as a Cognitive Correlate of ED in Adult ADHD 
It is worth noting that whilst the studies reviewed in this section have focused on a range of 

neuropsychological functions, they have omitted time perception. Perceiving and processing 

temporal information is a fundamental component of moment-to-moment functioning that promotes 

adjustment of behaviour to both internal and external events and allows predictions to be made 

about the likelihood of future events (Toplak, Dockstader & Tannock, 2006). Abnormal time 

perception is one of most consistently impaired cognitive functions in ADHD and has been linked 

to deficiencies in the fronto-parietal and fronto-striato-cerebellar networks (Noreika, et al., 2013). 

These pathways are also shared with other components of EF that are reliably impaired in ADHD, 

namely impulse control (disinhibition), distractibility, sustained attention, working memory and 

motivation (Noreika et al., 2013; Barkley & Fischer, 2019). Wider definitions of EF often 

encompass facets of time perception (e.g., delay aversion and temporal foresight) in 

acknowledgement of their role in influencing goal-directed behaviour (Noreika et al., 2013).  

Timing dysfunctions in ADHD have been examined via various types of time perception 

tasks (Noreika et al., 2013), including time estimation, time discrimination, time production and 

time reproduction (see descriptions in Noreika et al., 2013). Of these paradigms, time reproduction 

tasks are the most widely used paradigm in ADHD research as deficits on this task are consistently 

found in both children and adults with ADHD (Barkley & Fischer, 2019; Marx et al., 2010; Noreika 

et al., 2013). It is even suggested that poor temporal reproduction may be an endophenotype of 

ADHD (Barkley & Fischer, 2019).  Reproduction tasks involve presenting the participant with a 

stimulus of varying durations (typically ranging between 2s and 60s) and having them reproduce 

that stimulus for the same amount of time (Barkley & Fischer, 2019).  

Phenomenological observations have indicated that abnormalities in timing in ADHD may 

be due to a subjective experience of time as running faster than it objectively is (Noreika et al., 

2013).  Consequently, it has been theorised that the external passage of time may become 

insufferable to someone with ADHD as it constantly appears longer to them (Rubia et al., 2009).  

Hence, when given a duration to reproduce, they may overestimate how fast time is passing and end 
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their reproduction earlier than the actual duration (Noreika et al., 2013). This would lead to a 

shorter reproduction (under-reproduction) (see review by Noreika et al., 2013). It is, however, 

worth mentioning that in some research, underestimation (and therefore over-reproduction) has also 

been shown in ADHD participants compared to neurotypical counterparts although this is less 

frequently observed (e.g., Barkley et al., 1997; Plummer & Humphrey, 2009; Toplak, Rucklidge, 

Hetherington, John & Tannock, 2003). In yet some other research studies, this pattern of under-

reproduction and over-reproduction has been associated with the durations of to-be-reproduced 

intervals. For instance, some have shown that ADHD participants over-reproduce shorter intervals 

and under-reproduced longer intervals to a greater extent than controls (Barkley et al., 1997; Hurks 

& Hendriksen, 2010; Marx et al., 2010). Regardless, together the literature on time reproduction 

suggests that ADHD participants are more prone to inaccurate perception of time which may be 

attributed to the dopaminergic system impacting on the internal timing mechanism (Barkley & 

Fischer, 2019; Wittman & Paulus, 2008). 

As well as inconsistently reproducing time intervals, ADHD participants reliably exhibit a 

higher level of error across trials compared to non-ADHD counterparts (Barkley & Fischer, 2019; 

Noreika et al., 2013; Rommelse et al., 2008). This variability increases as duration length increases 

(Barkley & Fischer, 2019; Marx et al., 2010; Noreika et al., 2013; Wittman & Paulus, 2008). Poor 

time perception is arguably a reason why individuals with ADHD experience difficulties in major 

life activities as their judgments of when to act and how long behaviours and events should last are 

significantly impaired (Barkley & Fischer, 2019). A lengthened sense of time may contribute 

towards the impulsive behaviour that is inherent to ADHD.  

4.2.3. Time Perception and Emotions 

The perception of time can be distorted by emotions (Droit-Volet & Meck, 2007; Droit-

Volet & Gil, 2009). For instance, negative and highly arousing emotional stimuli (i.e., those which 

elicit a strong withdrawal response) are usually judged as lasting longer than stimuli that are 

positive or neutral and evoke low arousal ( Droit-Violet, Fayolle, & Gil, 2011; Lee, Seelam & 
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O’Brien, 2011; Lehockey et al., 2018; Noulhiane, Mella, Samson, Rahot, Pouthas, 2007; Schirmer, 

2011). The influence of emotions on timing can be explained within the framework of the internal 

clock model (Gibbon, Church & Meck., 1984). This model posits that when one pays attention to a 

stimulus or event, a pacemaker emits time pulses that represent the duration of that stimulus or 

event. These time pulses are collected within an accumulator. A switch which is operated by 

attention controls the contents of the accumulator. Paying attention to the event leaves the switch 

closed resulting in accumulation of time pulses. Diverting attention away from the event opens the 

switch causing loss of time pulses. The number of accumulated pulses eventually enter working 

memory where it is compared to previously stored durations of similar events or stimuli - a process 

which purportedly forms the basis for temporal decisions and behavioural responses (Pouthas & 

Perbal, 2004).  

Physiological arousal, attention and emotional valence can modulate perceived time by 

affecting the pacemaker rate. Intense emotions such as anger and fear may capture attention and 

increase bodily arousal thus closing the switch early and speeding up the collection rate of time 

pulses within the accumulator (Droit-Volet, Fayolle, & Gil., 2011). This may in turn result in an 

overestimation or lengthening of time (Angrilli et al., 1997; Droit-Volet et al., 2011). Conversely, 

stimuli that are neutral and positive as well as those that induce low arousal may induce 

underestimation of time (Schirmer, 2011). In addition, there is considerable inter- and intra-

individual variability in how time is perceived, with psychiatric conditions such as ADHD 

contributing to these variations (Wiener, Lee, Lohoff, Coslett, 2013). Hence, this raises the 

possibility that when confronted with emotional situations, timing deficits in ADHD individuals 

may worsen and/or contribute towards poor emotional regulatory behaviour. Exploration of the role 

of time perception in a sample of individuals with a clinical diagnosis of ADHD is therefore 

warranted. 



CHAPTER 4: EMOTION DYSREGULATION, ADULT ADHD, NEUROCOGNITION  
 

181 
 

4.3. Aims and Rationale 

In summary, the cause of the frequent co-occurrence of ED and ADHD symptoms in adults 

with ADHD is still unknown although it is assumed that neurocognitive deficits may be implicated. 

This study therefore sought to extend on the limited literature by examining the influence of a 

targeted set of neuropsychological parameters on the relationship between adult ADHD and ED. 

Specifically, our focus was on neurocognitive factors which tap into two coalescing neural 

pathways that may be impaired in ADHD, namely the fronto-striatal loops (the ‘what’ circuit) and 

the frontoneocerebellar circuits (the ‘when’ circuit) (Nigg & Casey, 2005). These cognitive 

functions involve attention, inhibition, working memory and timing. As a further extension of past 

research (Surman et al., 2015; Gisbert et al., 2018), we assessed emotion regulation using a 

multidimensional measure of ED, the Difficulties with Emotion Regulation Scale (DERS) (Roemer 

& Gratz, 2004). The DERS acknowledges that emotion regulation is a process that comprises 

emotional impulsivity but also entails the recruitment of self-regulatory cognitive functions to 

prevent the escalation of problematic behaviour (Faraone et al., 2019). In other words, it 

incorporates subscales that tap into emotional impulsivity, emotional awareness, understanding and 

acceptance of emotions and the ability to recruit adaptive strategies that promote goal-directed 

behaviour in emotional situations. The DERS is a reliable and valid measure which has been used to 

assess ED across various psychopathologies (Gratz & Roemer, 2004; Neumann, van Lier, Kim & 

Hans, 2010). 

The main research question addressed in this study pertained to whether ED can be 

predicted by neuropsychological deficits that are commonly found in adult ADHD. In addressing 

this question, group differences in ED and neurocognitive functioning were ascertained. As such, 

we sought to replicate and strengthen past research findings (e.g., Beheshti et al., 2020; Marx et al., 

2010; Mostert et al., 2017; Noreika et al., 2013) that compared with controls, adults with ADHD 

indeed display higher levels of difficulties regulating their emotions, as well as poorer verbal and 

nonverbal working memory, attention, inhibition and time perception. In addition, we measured 
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whether cognitive functions are related to ED. Specifically, in line with previous findings 

(Banaschewski et al., 2012; Gisbert et al., 2018), it was predicted that ED symptoms would be 

significantly correlated with lower working memory (verbal and nonverbal) as well as higher levels 

of inattention and disinhibition. In addition, in light of suggestions that emotion regulation has a 

temporal dimension (Faraone et al., 2019) and that behavioural responses (including impulsive 

responding in emotional situations) may be influenced by timing, a novel prediction in this study 

was that time perception would also be related with ED. However, directionality was not assumed 

given that this relationship has not been assessed before. Finally, the important aspects of this study 

were to examine whether executive control functions (i.e., working memory, attentional factors and 

inhibition) and time perception contribute unique variance in ED, above and beyond ADHD 

symptoms and psychiatric comorbidities.   

4.4. Method 

4.4.1. Participants 

Participants were 313 adults, 116 of whom had a diagnosis of ADHD and 197 who did not 

(controls). Participants’ ages ranged from 17 to 64 years (M = 27.04; SD = 10.28). ADHD 

participants were recruited via poster advertisements placed around the university campus (n = 12) 

and referral of newly diagnosed adults from three psychiatrists practicing in Perth, Western 

Australia (n = 117). The diagnostic process employed by the latter was based on the DSM-5 criteria 

(APA, 2013) and involved documentation of the patient and informant reports of childhood and 

adult functioning as well as consideration of any comorbid psychiatric conditions that may have 

obscured the clinical presentation of the patient. Due to the positive effects of ADHD medication on 

cognition (Spencer et al., 2013), and in line with past research (e.g., Banaschewski et al., 2012; 

Mostert et al., 2017) participants who were on ADHD medication were asked to observe a 48-hour 

washout period prior to being tested. Newly diagnosed individuals were asked to withhold starting 

their new medication until after the assessment. The control group comprised undergraduate 

psychology students who were invited to participate in exchange for credit points for an 
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introductory psychology unit (n =139) and community members recruited via an online recruitment 

pool or word of mouth (n = 45).  

All adults, except for the undergraduates participating to meet course requirements, were 

remunerated $15. ADHD participants also received a brief report outlining their performance on 

tasks administered. Exclusion criteria for this study included that individuals with sensory and 

perceptual difficulties, motor and/or neurological conditions could not participate. None of the 

participants met this criteria.  

4.4.2. Materials 

4.4.2.1. Working memory. Working memory was assessed using the backwards conditions 

of the DS and the spatial span task as well as the LNS task. The DS backward (DSB) from the 

WAIS-IV (Wechsler, 2008) entails the presentation of a string of numbers which participants are to 

recall and repeat back in the opposite order. The strings increase in length from 2 to 9. Reading of 

digit sequences ceases when the participant fails to accurately report either of two trials at a 

sequence length or when the maximal list length is attained. The Spatial Span Backwards on the 

Wechsler Memory Scale, Third Edition (WMS-III; Wechsler, 1997) is analogous to the DSB but 

assesses visuospatial working memory. During this task, the participant is presented with 10 

spatially distributed cubes mounted atop a board. The examiner taps on a series of blocks in 

increasing sequence length and the participant is to tap each sequence in reverse order. Task load is 

intensified by increasing the number of boxes presented from 2 to 9, each sequence presented twice. 

Spatial Span scores range from 0 to 16 with the score obtained representing the highest level at 

which the participant reproduced at least one correct sequence. Raw scores on the SS were 

converted into scaled scores. Whilst both the DS and SS are considered simple span tasks, the LNS 

(also a WAIS-IV subtest) is a brief complex span task also assessing verbal working memory 

(Jensen et al., 2018). It involves presentation of 24 items consisting of a series of letters and 

numbers. These are read to the participants who are then asked to recite both back in ascending 
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order, with the numbers first and then the letters. Z-scores denoting the longest span of items 

recalled were derived for the DSB and the LNS. 

4.4.2.2. Attention and Inhibition. The CPT- 3 (Conners, 2014), a computerized task which 

employs a visual paradigm was used to examine attention and response inhibition. This task 

consists of six blocks during which letters of the alphabet are presented on the screen for 250ms in a 

random order and with random inter-stimulus intervals of 1, 2, and 4s. The participant is to press 

the space bar of the keyboard for every letter except when the letter “X” appears. A short practice 

trial is provided to participants to ensure they fully understand the task prior to proceeding. Total 

administration time for the CPT-3 is 14 minutes. Responses reflect variance for both accuracy of 

responding and reaction time. Numerous measures can be collected from the CPT including; 

omission errors (denoting a failure to respond to target letters due to inattentiveness), commission 

errors (the letter X is pressed thus reflecting level of inhibition), detectability (d՛; indexing one’s 

ability to discriminate targets (x) from non-targets, perseveration (denoted by reaction times that are 

less than 100ms), Hit Reaction Time (HRT; indexing average speed of responding over the entire 

test), Hit Reaction Time Standard Deviation (HRTSD; indexes consistency in reaction times), 

variability (denotes level of variability and consistency in reaction time), Hit Reaction Time Block 

Change (HRTBC; indicates fluctuations in reaction times across the six administration blocks), and 

Hit Reaction Time Inter-stimulus Change (HRT_ISI) denotes changes in average reaction times at 

the three different inter-stimulus interval lengths namely, 1, 2 and 4s). The CPT-3 has good test-

retest coefficients ranging from 0.05 to 0.92, good split-half reliability and also showed strong 

validity in terms of differentiating clinical and non-clinical groups (Conners, 2014). Age-adjusted t 

scores for the CPT-3 indices. 

4.4.2.3. Time perception. The time reproduction task employed in this study was adapted 

from Marx and colleagues (2010; 2017). The stimuli for the time reproduction task were generated 

and controlled via MatLab (MathWorks Inc.) and the Psychophysics Toolbox (Brainard, 1997). 

During this task, a bright white square appeared in the middle of the computer screen for a specific 
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amount of time and participants were asked to estimate the duration of each square by counting the 

seconds in their heads. After each stimulus was presented, instructions appeared on the screen 

prompting reproduction of the duration of the square just seen. Reproduction was to start by 

pressing the keyboard spacebar to make a black square appear on the screen for the same amount of 

time the participant estimated the sample white square to have appeared for. They were then to stop 

the reproduction by pressing the spacebar once more. The interval durations were 2, 6, 12, 24, 36 

and 48 seconds long with a 2s inter-trial interval. Each time interval was presented twice in two 

successive blocks, totalling 12 trials. Presentation order was randomized to minimize order effect. 

A practice trial consisting of a 5s interval was provided at the start of the task to ensure the 

participants understood the task.  

The outcome measures for the reproduction task were the coefficient of accuracy (AC) and 

the absolute discrepancy (AD) score. The AC is calculated by dividing the sample duration given 

on each trial by the reproduced duration. An AC of 1 reflects perfectly accurate reproduction of the 

trial duration, an AC above 1 indicates the proportion of the duration that was under-reproduced 

(i.e., duration overestimation) and a score below 1 represents the proportion of the duration that was 

over-reproduced (i.e., duration underestimation) (Barkley & Fischer, 2018). ACs were grouped into 

‘short’ and ‘long’ categories with 2 and 6s representing short intervals and 12, 24, 36 and 48s 

representing long intervals. A similar method was adopted by Marx and colleagues (2010). 

Correlations and factor analyses also supported the grouping of AC scores in this study (see 

supplementary materials). An AD is the absolute difference between each participant’s reproduced 

value and the actual trial duration. As such, the AD represents the magnitude of error the participant 

made in their reproduction, regardless of whether they over-reproduced or under-reproduced the 

duration; i.e. magnitude was unsigned. The ADs for both trials of each duration were summed. AD 

scores were not categorized as the ACs were since analyses failed to support grouping. 

4.4.2.4. Emotional Dysregulation. The DERS (Gratz & Roemer, 2004) is a 36-item 

measure self-report measure of poor emotion regulation. On a scale of 1 (almost never) to 5 (almost 
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always), participants rate how often each item applies to them. The measure also encapsulates six 

subscales scores; nonacceptance measures difficulties accepting distress and negative emotions, 

goals assesses problems with concentrating and accomplishing tasks whilst experiencing negative 

emotions, impulse control captures difficulties with behaviour control when upset, emotional 

awareness measures inattention to and poor acknowledgement of emotional responses, strategies 

measures the extent to which one feels unable to utilize strategies to regulate their emotions 

effectively when upset and clarity measures lack of clarity regarding the type of emotions one 

experiences. A total score was derived by summing all items on the DERS and these were 

converted to a standardised score using age and sex specific norms. The greater the total score, the 

higher the overall level of emotion regulation difficulties the individual experiences. Principal axis 

factoring with varimax rotation was conducted and confirmed an underlying six factor structure to 

the DERS. Internal reliability for the DERS subscales in this study ranged was good to excellent 

with Cronbach’s alpha value ranging between .80 (Awareness subscale) and .92 (Impulse control). 

Cronbach’s alpha for the DERS_Total score was excellent at .94. In the original study, test-retest 

reliability over a period of 4 to 8 weeks was good for the total score (χ = .88) and for the subscales 

(χ = .57 - .89) (Gratz & Roemer, 2004).  

4.4.2.5. ADHD Symptoms. The Conners Adult ADHD Rating Scale: Short Version 

(CAARS – S:S) (Conners, et al., 1999) is a 26-item self-report measure including the following 

subscales; Inattention/Memory Problems (indicating problems with self-organisation, completion of 

tasks, concentration and learning new information efficiently), Hyperactivity/Restlessness 

(indicating a tendency to be on the go, difficulty staying still for long periods of time and symptoms 

of restlessness), Impulsivity/Emotional Lability (denoting swift changes in mood, engaging in 

impulsive acts, proneness to anger and irritability) and Problems with Self-Concept (indicating 

problems with social relationships, low self-esteem and low self-confidence) and an ADHD Index 

score representing overall levels of ADHD symptoms. Each item is scores using a 4-point Likert-

type scale ranging from 0 to 3 (0 = not at all or never; and 3 = very much, very frequently). Raw 
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scores on the subscales and the total ADHD score are converted to a T-score based on norms for 

age and sex. A t- score of 70 and above indicates clinical levels of ADHD symptoms. The CAARS-

S: S has good psychometric properties. Internal consistency is good with Cronbach’s alphas (α) 

ranging between .71 and 84 across its subscales. Test-retest reliability over a month was found to be 

high (r = 0.80 - 0.91). Confirmatory factor analysis ascertained that the CAARS-S: S has a good fit 

(Conners et al., 1999).  

Demographic information (age, education, birth country, native language, diagnoses of 

neurodevelopmental or psychiatric diagnoses or neurological impairment and, medications) were 

elicited in a brief questionnaire at the time of testing. 

4.4.5. Procedure 

The University of Western Australia Ethics Committee approved the study’s protocols 

(RA/4/1/8003). Participation was completely voluntary. All participants were provided an 

information sheet detailing the purposes of this study and provided consent to participate. Testing 

involved 90-minute long one-on-one sessions in a quiet room in an on-campus Psychology clinic. 

Tasks were administered in the same order for all participants and as follows: spatial span task, 

CPT-3, Digit Span, Letter Number Sequencing, and a time reproduction task. Computerised tasks 

were administered on an ASUS laptop with a 15.6-inch monitor, a display with a resolution of 1366 

x 768 and a refresh rate of 60 Hz. Questionnaires were completed at the end to minimize the 

likelihood that asking participants about their behaviour and emotions would impact on their 

responses during the cognitive tasks. A debrief sheet was provided to each participant and they 

were invited to ask questions about the study and its purposes.  

4.4.6. Statistical analyses 

The dataset was screened prior to analysing the data and some cases were omitted from 

subsequent analyses. First, to reduce the chances of including participants with undiagnosed 

ADHD, 15 controls who self-reported clinically elevated levels of ADHD traits (ADHD Index ≥ 

70) on the CAARS-S:S were removed from the dataset. Eight ADHD participants reported taking 
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their medication in the 48 hours leading up to the study and were also excluded from further 

analyses. Finally, no DSM-5 presentation could be discerned for 10 of the ADHD participants from 

the participant and/or their Psychiatrist and they were not included in the analyses. 

The final dataset consisted of 279 cases. There were 182 controls (46.5% were female) and 

97 participants with ADHD (37.2% were female). The ADHD group comprised 47 individuals with 

the inattentive presentation and 50 with the combined presentation. None of the ADHD participants 

reported having the hyperactive/impulsive presentation. All of the eligible ADHD participants were 

either (i) newly diagnosed and reported having abstained from medication in the 48 hours preceding 

their participation in the study (n = 93) or (ii) were not medicated (n = 4). Approximately 51.5% of 

ADHD participants reported a diagnosis of at least one comorbid psychiatric and/or 

neurodevelopmental disorder (compared to 19.6% in the control group). Comorbid diagnoses 

included anxiety disorders (50%), depression (31%), posttraumatic stress disorder (8.7%) and 

others (7.8%) such as dyslexia, oppositional defiant disorder, autism spectrum disorders, bipolar 

disorder, chronic insomnia, eating disorders and borderline personality disorder.  

All analyses were conducted in three stages using SPSS version 26. The criterion for 

statistical significance across all analyses was p<.05. At stage 1, a number of tests were run to 

determine whether there were group differences on the variables of interest. For instance, chi-square 

difference tests were used to examine whether the number of males and females in the control and 

ADHD group differed. Then, a series of independent samples-t-tests were used to establish that 

individuals with ADHD indeed differ from controls regarding sex, emotion regulation and cognitive 

control. Since the ADHD-Combined presentation is a more severe form of the disorder, and 

individuals with this presentation may display even poorer ED (Hirsch et al. 2019), presentation 

differences were also explored. Any significant group differences found were followed using one-

way analyses of variance (ANOVAs) to further explore presentation differences. Independent 

sample t-tests were also run to establish any effects of sex or of psychiatric illness on both ED and 

cognition. At stage 2, simple bivariate correlations were run to examine which of the proposed 



CHAPTER 4: EMOTION DYSREGULATION, ADULT ADHD, NEUROCOGNITION  
 

189 
 

domains of cognition are related to ED. Age as a continuous, demographic variable was also 

correlated with ED and cognitive measures. The overall aim of this study, to examine the unique 

contribution of cognitive control domains towards ED above and beyond ADHD diagnostic status 

was tested at stage 3. It was acknowledged that symptoms of both ADHD and ED are 

heterogeneous in nature and that not everyone with ADHD suffers impairments in the emotional 

domain or in the cognitive domain (Mostert et al., 2017; Hirsch et al., 2018; Hirsch et al., 2019; 

Surman et al., 2015; Gisbert et al., 2018). Hence, a multiple regression was used to investigate the 

joint and independent contributions of the selected cognitive deficits on ED in adult ADHD. 

Furthermore, clinical variables previously found to be associated with ED were also included as 

covariates in the analyses, namely; psychiatric comorbidity, sex and age (Gisbert et al., 2018).  

A dummy-coded diagnostic group membership was entered as predictor variable at Stage 1 

of the regression, demographic or clinical variables were entered at stage 2. Scores on cognitive 

measures were entered at stage 3 of the model if they were identified as significantly related to 

group membership and to ED at both stages 1 and 2. The sample size was considered appropriate to 

conduct the HRMA since there were at least 10 cases per predictor variable (Tabachnik & Fidell, 

2007b). Raw data were z-transformed to identify extreme univariate outliers and all outliers were 

winsorized to a score of 3 standard deviations away from the mean before undertaking final 

analyses (Field, 2013).  

4.5. Results 

4.5.1. Group Differences in ED and Cognitive Measures 

Prior to examining the data for group differences, skewness, kurtosis and Shapiro-Wilk 

statistics were checked and indicated that the assumption of normality was supported for all three 

groups of participants (i.e., controls and ADHD groups (i.e., ADHD-C and ADHD-I). Levene’s 

statistic indicated violation of the Homogeneity of Variances assumption for some group 

comparisons (e.g. on ED, SS_Backward, inattentiveness, inhibitory control, AC_Short, AD for the 
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6, 12 and 36s durations). Hence, instead of Tukey’s HSD, Gabriel’s test was used for group 

contrasts where local homogeneity could not be assumed (Allen & Bennett, 2008).  

Chi-square tests indicated that there were significant differences in sex distributions 

between the control and the ADHD groups. In particular, there were significantly more males in the 

control group than in the ADHD group  c2 (1, N = 159) = 8.20, p <.05. There were also more 

females in the control group than in the ADHD group, c2 (1, N = 121) = 19.84, p <.001, 

respectively. Descriptive statistics and group differences on all variables investigated in this study 

are presented on Tables 1 and 2. As expected, and as previously established, ADHD participants 

had significantly higher levels of difficulties regulating their emotions compared to non-ADHD 

counterparts (see Table 1). This was still evident when the ADHD group was split further into 

presentations, (i.e., inattentive and combined), F (1, 277) = 20.05, p = .026, η2 = 0.13. Planned 

comparisons (see Table 2) indicated that the control group had significantly lower levels of 

maladaptive emotion regulation compared to both the inattentive and combined subgroups. 

However, levels of ED reported by both the inattentive and the combined groups were similar.  

Table 1. 
Descriptive Statistics and Group Comparisons on Variables of Interest 

  Variables Controls (N = 182)   ADHD Group (N = 98) p-
value  

f 

    M SD   M SD   

 Age* 24.77 9.429   31.4 10.68 ≤.001 .323 

 DERS_Total 82.28 21.29  99.11 25.98 ≤.001 .380 

WAIS-IV Working 
Memory Index           

 

 LDSB 0.06 0.95  -0.18 1.01 .052 .129 

 LNS 0.25 0.87  0.12 0.96 .255 .072 

WMS-III Spatial Span            

 SS * 9.06 1.46  8.5 1.69 .008 .159 

CPT-III            

 Inattentiveness* 276.87 27.18  295.14 34.56 ≤.001 .312 

 Sustained Attention 49.97 7.4  49.37 9.45 .561 .031 

 Inhibitory Control* 143.7 10.64  149.95 14.71 ≤.001 .240 

Time Perception - 
Reproduction           

 

 AC_Short* 1.06 0.17  1.2 0.57 .026 .274 

 AC_Long 1.24 0.85  1.25 0.83 .901 .059 
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 AD_2s 0.77 0.53  0.88 0.61 .118 .121 

 AD_6s* 1.22 0.97  1.62 1.41 .014 .178 

 AD_12s* 2.07 1.7  2.75 2.54 .020 .214 

 AD_24s 4.43 4.47  5.56 4.81 .052 .140 

 AD_36s* 6.63 5.68  8.61 7.28 .023 .145 

  AD_48s 9.25 9.13   10.15 1.04 .092 .108 

Note. * Variables used in subsequent analysis. LDSB = Longest Digit Span Backwards; LNS = Letter Number Sequence; 
SS = Spatial Span; AC_Short = Accuracy Coefficient for Short Durations (2, 6s); AC_Long = Accuracy Coefficient for 
Long Durations (12, 24, 36 & 48s); AD = Absolute Discrepancy. P-value under .05 is considered statistically significant. 

 

Table 2. 
Post Hoc Analyses of Group Differences on Study Variables. 

Variable Group Comparison Group 
Mean 

Difference SE p 
ED Control          - ADHD_ Inattentive -15.22 3.69 ≤.001 

 Control          - ADHD_Combined -20.96 3.60 ≤.001 
 Inattentive     -  ADHD_Combined -5.74 4.58 .424 

Age Control          - ADHD_ Inattentive -6.52 1.62 ≤.001 

 Control          - ADHD_Combined -6.79 1.58 ≤.001 

 Inattentive     -  ADHD_Combined -0.27 2.01 .990 
WMS-III      

SS Control          - ADHD_ Inattentive 0.47 0.25 .136 

 Control          - ADHD_Combined 0.64 0.25 .021 

 Inattentive     -  ADHD_Combined -0.16 0.31 .935 
CPT-III           

Inattentiveness Control          - ADHD_ Inattentive -13.81 4.83 .013 
  Control          - ADHD_Combined -23.04 4.75 ≤..001 
  Inattentive     -  ADHD_Combined -9.23 6.01 .277 

Sustained 
Attention Control          - ADHD_ Inattentive .349 1.32 .963 

  Control          - ADHD_Combined .645 1.30 .874 
  Inattentive     -  ADHD_Combined .296 1.645 .982 

Inhibitory Control Control          - ADHD_ Inattentive -5.73 1.98 .011 
  Control          - ADHD_Combined -6.42 1.95 .003 
  Inattentive     -  ADHD_Combined -.687 2.47 .958 

Time Reproduction 
AC_Short Control          - ADHD_ Inattentive 0.00 0.11 1.000 

 Control          - ADHD_Combined -0.50 0.11 ≤.001 

 Inattentive     -  ADHD_Combined 0.50 0.14 .002 
AD_6s Control          - ADHD_ Inattentive 0.30 0.19 .236 

 Control          - ADHD_Combined -0.50 0.18 .017 

 Inattentive     -  ADHD_Combined 0.20 0.23 .656 
AD_12s Control          - ADHD_ Inattentive -1.15 0.32 .001 

 Control          - ADHD_Combined -0.18 0.32 .922 

 Inattentive     -  ADHD_Combined 0.97 0.40 .050 
AD_36s Control          - ADHD_ Inattentive 2.09 1.03 .097 

 Control          - ADHD_Combined -1.80 1.00 .173 
 Inattentive     -  ADHD_Combined .29 1.28 .994 
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Note. WAIS-IV = Wechsler Adult Intelligence Scale, fourth edition; LDSB = Longest Digit Span Backwards; LNS = 
Letter Number Sequence; SS = Spatial Span WMS-III = Wechsler Memory Scale, third edition; CPT-III = Continuous 
Performance Test, Third Edition;; AC_Short = Accuracy Coefficient for Short Durations (2, 6s); AC_Long = Accuracy 
Coefficient for Long Durations (12, 24, 36 & 48s); AD = Absolute Discrepancy. P-value under .05 is statistically 
significant. 

Significant group differences in ED were found on only some, but not all measures of 

cognition (see Table 1). Post hoc analyses were run to further delve into the group differences 

identified as significant and results of those are presented on Table 2. Finally, individuals without a 

diagnosed psychiatric illness (other than ADHD) had significantly lower levels of ED (M = 81.96, 

SD = 20.71) compared to those reporting a psychiatric illness (M = 102.32, SD = 25.58), t (134.36) 

= -6.47, p < .001. No significant sex differences in ED were found as males (M = 88.09, SD, 22.28) 

reported similar levels of difficulties regulating their emotions as females (M = 88.26, SD = 26.50), 

t (233) = -.06, p = .955.  

To ascertain that our measures of cognition are indeed linearly related to ED, bivariate 

correlations were calculated. Kolmogorov-Smirnov tests as well as inspection of normal probability 

plots of standardised residuals and scatterplots of standardised residuals against predicted residuals 

showed that the assumption of normality was violated. This was, however, not considered an issue 

given this study’s large sample size (Field, 2013). Table 3 depicts the links between cognitive 

measures and ED. Again, in support of our hypotheses, results revealed that difficulties in the 

attentional domain and poorer inhibition control were positively albeit weakly associated with 

greater problems with regulating emotions. Another novel finding was that and higher levels of 

error in timing are also positively associated with ED. Conversely, verbal working memory was not 

associated with ED whilst visuospatial working memory is only marginally related to ED. Results 

also showed that age is not concomitant with ED. 

4.5.2. Cognitive Control Domains as Predictors of ED in ADHD 

Taken together, the results presented above indicate that most of the cognitive measures found 

earlier to be more impaired in ADHD compared to controls, were also significantly related to ED. 

In particular, SS, CPT-3 measures such as commission errors, detectability, variability, HRTSD and 
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some of the time perception scores (AD_6s, 12s and 36s) were found to be (a) more  pronounced in 

the ADHD group compared to controls and to (b) also be significantly, although weakly correlated 

with ED. Crucially, there were no differences between the ADHD-Inattentive and combined 

presentations on most measures of cognition and therefore, no further distinctions were made 

between the two presentations in subsequent analyses. The aforementioned independent variables 

were further examined in terms to variance they accounted for in ED above and beyond ADHD 

diagnosis. The assumptions of normality, linearity and homoscedasticity were met for HRMA 

(Field, 2013). Multicollinearity was not an issue in our dataset as none of the independent variables 

had large inter-correlations of .85 or above (see Table 3). Tolerance values were all higher than 0.1 

and variance inflation factors (VIF) statistics were all well below 10 and therefore within limits 

(Field, 2013). Mahalanobis distance, however, exceeded the critical chi-square value for df = 11 (at 

α = .001) of 31.264 and six multivariate outliers were identified. Those cases were retained but 

robust regression using bootstrapped confidence intervals were derived for regression coefficients 

(Field, 2013). 

Table 4 presents results of the HRMA, including unstandardised (B) and standardised (β) 

regression coefficients, standard error and the bootstrapped confidence intervals. As expected, ADHD 

was found to account for unique variance in ED. In particular, at Stage 1, having an ADHD diagnosis 

accounted for 11% of variance in ED, R2 = .107, F (1, 277) = 33.26, p >.001.  At Stage 2, psychiatric 

illness status, sex and age accounted for an additional 10.6% of variance in ED, ∆R2 = .106, ∆F (3, 

274) = 18.54, p <.001. At step 3 of the model, all predictors including ADHD diagnosis, psychiatric 

illness, sex, age and the eight measures of cognition accounted for an additional 10.6% of variance 

in ED, R2 = .319, adjusted R2 = .286, F (9, 265) = 9.562, p < .001. Of all cognitive measures, 

inattentivess, inhibitory control and absolute errors in the reproduction of 6s and 12s durations (AD_6 

and AD_12) were the only variables to contribute significant unique variance in ED above and beyond 

ADHD diagnosis and psychiatric illness. In particular, inattentiveness accounted for 2.3%, inhibitory 

control for 1% and AD scores for the 6 and 12s duration accounted for 6.2 and 1.2% of unique  
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Table 3.  
Correlations amongst study Variables. 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1. DERS_Total - 

               

2. Age -.04 - 
              

3. LDSBZ -.06 .13* - 
             

4. LNSz -.01 .10 .49** - 
            

5. SS -.15* .01 .32** .30** - 
           

6. Inattentiveness .28** .05 -.18** -.16** -.31** - 
          

7. Sustained Attention -.03 .04 .10 -.02 .02 -.03 - 
         

8. Inhibitory_Control .21** -.03 -.18** -.15* -.28** .84** -.08 - 
        

9. AC_Short_Av .11 -.07 -.05 -.00 -.05 .10 -.17** .10 - 
       

10. AC_Long_Av .04 -.11 -.07 -.10 -.10 .24** .02 .25** .01 - 
      

11. AD2s .12 -.07 -.13* -.13* -.22** .15* .04 .15* .13* .05 - 
     

12. AD6s .32** .03 -.07 -.07 -.25** .17** -.04 .18** .35*
* 

-.04 .19** - 
    

13. AD12s .04 .04 -.10 -.21** -.13* .18** -.11 .19** .10 .12* .14* .36*
* 

- 
   

14. AD24s .15* -.04 -.12 -.12* -.17** .41** -.00 .40** .12* .39*
* 

.15* .26*
* 

.25*
* 

- 
  

15. AD36s .16** .00 -.11 -.15* -.14* .40** .01 .42** .08 .22*
* 

.10 .20*
* 

.36*
* 

.33** - 
 

16. AD48s .19** -.04 -.04 -.03 -.18** .38** .02 .39** .13* .41*
* 

0.05 .28*
* 

.30*
* 

.38*
* 

.42*
* 

- 

Note: LDSB = Longest Digit Span Backwards; LNS = Letter Number Sequence; SS = Spatial Span; AC_Short = Accuracy Coefficient for Short Durations (2, 6s); AC_Long 

= Accuracy; AD = Absolute Discrepancy. *p ≤.05. ** p ≤.001 
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Table 4. 

Unstandardised (B) and Standardised (β) Regression Coefficients, Standard Error (SE B), Squared Semipartial Correlations (sr
2
) and 95% Bias-Corrected and Accelerated 

CIs for Each Predictor Variable of ED. 

Predictor variable B SE B β sr2 
Step 1 

ADHD Diagnosis 16.77** 2.91 0.33 0.107 

 [11.05, 22.49]    
R2 0.11    
f2 0.124    

Step 2 
ADHD Diagnosis 14.10** 3.10 0.28 0.061 

 [8.10, 20.12]    
Psychiatric Illness 16.44** 3.1 0.32 0.082 

 [10.38 , 22.50]    
Age -0.39 0.13 -0.17 0.025 

 [-.65 , -.13]    

Sex -2.52 2.76 -.05 0.002 
 [-7.95, 2.91]    

R2 0.21    
∆R2 0.11**    
f2 0.271    

Step 3 
ADHD Diagnosis 11.84** 3.05 0.23 0.039 

 [5.85 , 17.84]    
Psychiatric Illness 14.86** 2.99 0.29 0.064 

 [8.96 , 20.76]    
Age -0.43 0.13 -0.18 -0.028 

 [-.68 , -.17]    

Sex -2.81 2.68 -0.06 0.00 
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 [-8.09, 2.47]    
SS 0.44 0.57 0.04 0.002 

 [-.68 , 1.55]    
Inattentiveness .23* 0.08 0.3 0.023 

 [.08, .38]    
Inhibitory Control -0.38* 0.19 -0.18 -0.100 

 [-.76 , .01]    
AC_Short -2.5 1.84 -0.08 0.00 

 [-6.12, 1.12]    

AD_6s 6.20** 1.27 0.30 0.062 

 [3.71,  8.70]    
AD_12s -1.49* 0.69 -0.13 0.012 

 [-2.90 , -.12]    

AD_24s -0.18 0.31 -0.03 0.001 
 [.80, .44]    

AD_36s 0.2 0.24 0.05 0.002 

 [-.26 , .66]    
AD_48s 0.16 0.15 0.06 0.003 

 [-.15, .46]    

R2 0.32    
∆R2 0.11**    

f2 0.470       

 
. Note: Confidence intervals and standard errors are based on 2,000 bootstrap samples.  CI = Confidence interval; SS_Backward = Spatial Span Backward; 
AD = Absolute Discrepancy. *p ≤.05. ** p ≤.001
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variance in ED over and above ADHD diagnostic status, sex and comorbid psychiatric illness. 

Together, the effect of ADHD diagnosis, psychiatric illness, inattentiveness, inhibitory control, 

AD_6 and AD_12 on ED was considered large, (f2 = .47) by Cohen’s conventions (Cohen, 

1988). 

4.6. Discussion 
It has been theorised that neurocognitive deficits that often co-occur with ADHD may 

also give rise to deficient emotional regulation in adults affected by the disorder (Banaschewski 

et al., 2012; Gisbert et al., 2018; Shaw et al., 2014; Surman et al., 2015). This was one of the first 

studies to clarify the influence that cognitive control functions and timing may bear on the 

severity of ED in the context of adult ADHD. Overall, performance deficits on tasks assessing 

nonverbal working memory, inattention, inhibitory control and timing functions (AD_6, 24, 36 

and 48s) were weakly associated with ED. Nonetheless, inattentiveness, inhibitory control and 

time reproduction errors explained unique variance in ED, beyond previously established effects 

of a diagnosis of ADHD, of having a psychiatric illness (other than ADHD) and of age. These 

results make an important contribution to the literature on adult ADHD which has so far focused 

on EFs and has been inconclusive as to the neurocognitive correlates of ED (e.g., Gisbert et al., 

2018; Surman et al., 2015). Initial examinations of this type in both children (e.g., Banaschewski 

et al., 2012) and adults (e.g., Gisbert et al., 2018) had concluded that once core symptoms of 

ADHD (i.e., inattention, hyperactivity/impulsivity) are accounted for, the role of neurocognitive 

functions in maintaining the link between ADHD and ED is reduced to none. Evidently, these 

observations were not replicated here. Our results caution against prematurely discarding the 

hypothesis pertaining to the role of neurocognitive mechanisms in the ADHD-ED association.  

Current results strengthen the overwhelming evidence attesting to the frequent co-

occurrence of ED symptoms in adult ADHD (Beheshti et al., 2020; Faraone et al., 2019; Retz et 
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al., 2012; Shaw et al., 2014). Our findings also confirm that ADHD is marked by cognitive 

deficits (Gisbert et al., 2018; Mostert et al., 2017). Specifically, compared to controls, the ADHD 

group displayed significantly worse levels of inattentiveness, followed by short duration 

reproduction accuracy, inhibitory control, time reproduction absolute errors (particularly longer 

ones such as 6, 12 and 36s) and nonverbal working memory. In sum, these results indicated 

poorer attentiveness, response inhibition, temporal processing and working memory abilities in 

adults with ADHD compared to controls. These findings align with past meta-analytical research 

(Willcutt et al., 2005) and reviews (e.g., Mostert et al., 2015; Noreika et al., 2013) also 

documenting impairments in these areas in adult ADHD.  

It is clear from our results that the cognitive domains implicated in ADHD may also 

affect ED. Past research in children also showed a similar pattern of results but also found that 

neurocognitive variables predict both symptoms of ED and ADHD in a similar rank order 

(Banaschewski et al., 2012). Banaschewski and colleagues concluded this may be evidence that 

neuronal networks underlying cognitive deficits in ADHD may also be functionally involved in 

emotional processing. However, our results show important distinctions regarding the 

involvement of these cognitive functions across both symptom domains in adults (i.e., ADHD 

and ED). Notably, as far as ED was concerned, in this study, time perception was the most 

important contributor to ED followed by inattentiveness and inhibitory control. Two important 

differences between this study and that of Banaschewski and colleagues’ are the different tasks 

and samples. For instance, Banaschewski and colleagues assessed attention and inhibitory 

control using the Fast Task and a Go/No-Go paradigm whilst the current study employed the 

CPT-3, a gold standard measure of attentional and inhibitory deficits in clinical assessments of 

ADHD (Maoz, Aviram, Nitzan, Segev & Bloch, 2015). When it comes to differences in samples 
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between the current study and that of Banaschewski and colleagues’ (2012), the latter studied 

children with ADHD whilst this study examined adults with ADHD. Hence, the nuances in the 

results may reflect the influence of maturational processes on the trajectory of cognitive 

impairment across the lifespan. For instance, previously, problems with time perception and 

inhibition were found to stabilize by adolescence and to persist throughout the lifespan (Marx et 

al., 2010; Noreika et al., 2013). Ameliorations are, however, typically seen in other cognitive 

areas such as working memory and this may be due to maturation of the pre-frontal regions as 

well as the development of better compensatory strategies with age (Marx et al., 2010). Indeed, 

in this study, the mean verbal and visuospatial working memory scores for the ADHD group 

were in the average range, hence within normal limits. This could be a reason why a cognitive 

function such as working memory might play less of a role in ADHD-related emotional 

impairment compared to time perception and inhibitory control which may be more lifelong. A 

cross-sectional study by Marx and colleagues (2010) also failed to find significant impairment in 

working memory in their ADHD groups and regardless of age.   

It is to be acknowledged that in the past, delay aversion, a measure of timing difficulties 

has been studied in relation to ED as it is indicative of a motivational style of avoiding time 

delays (Banaschewski et al., 2012; Sjöwall & Thorell, 2019). Delay aversion purportedly 

promotes impulsive behaviour and the pursuit of immediate rewards (i.e., lashing out in anger to 

ward off any perceived negative interaction) at the expense of delayed but greater rewards (i.e., 

waiting one’s turn in during an emotionally evocative conversation to regain composure and put 

forward a reasoned argument) in ADHD (Noreika et al., 2010). Self-reported aversion to delay 

aversion has recently been shown to correlate moderately with ED in a non-clinical sample of 

young adults (Sjöwall & Thorell, 2019) although it has not been found to explain the association 
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between ADHD and ED in a clinical sample (Banaschewski et al., 2012). Instead, in the current 

study, time reproduction errors had a greater influence on ED than other cognitive functions 

commonly associated with this symptom domain, namely attention, working memory and 

inhibition. Furthermore, time perception deficits were surprisingly more influential on ED than 

ADHD symptoms themselves. Overall, these results show that (a) ADHD symptomatology is 

connected to a deficit in the perception of time likely due to dysfunctions in internal timing 

mechanisms and (b) these timing deficits may be clinically implicated in promoting impulsive 

and maladaptive behaviour in an emotionally evocative situation.   

 Across the entire sample, reproduction error for the 6, 24, 36 and 48 seconds were 

positively associated with symptoms of ED. Furthermore, individuals with ADHD were 

significantly more likely to under-reproduce short durations (i.e., 2 and 6s) and were also more 

prone to reproduction errors at 6, 12 and 36s durations compared to controls. This latter finding 

is partly inconsistent with Barkley and Fischer’s (2019) results whereby adults with ADHD were 

found to under-reproduce and make more errors when reproducing longer durations of 18, 27 

and 34s durations than the shorter 2 and 11s durations. Our results indicate that ADHD 

participants’ propensity to under-reproduce may not be limited to long durations as Barkley and 

Fischer (2019) suggested but may also occur at shorter durations. Regardless, current findings 

align with the view that individuals with ADHD frequently overestimate time durations and 

therefore under-reproduce time intervals when required to do so. Some have posited that this 

pattern of time overestimation may potentially indicate a deficit in the internal timing clock 

which may in turn create a subjective sense that time is progressive more slowly than it really is 

(Noreika et al., 2013).  
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Intriguingly in the regression model, as far as time perception variables were concerned, 

only the AD for the 6s and 12s duration were statistically significant predictors of ED after 

ADHD diagnosis, sex and psychiatric illness were accounted for. The reason for the importance 

of these particular durations is unclear and further research is needed to elucidate this. However, 

it should be recognized that ADHD probands tend to engage in risky and impatient behaviour in 

situations requiring complex evaluations and which would benefit from long delays in response. 

Typically, examples of such situations in the literature have included behaviours such as crossing 

the road during heavy traffic. Such situations also generally involve shorter time intervals (i.e., 

short time durations between approaching cars). Hence, our results demonstrate that the intrinsic 

misjudgements of time in ADHD can also impede on the processing of emotional situations 

which also typically involve short time intervals between discrete events. In particular, emotional 

situations are usually dynamic, encompassing fast changes in basic perceptual features such as 

spatial orientation and location, changes in emotional expressions on faces and in voices, fast 

appraisals of dimensions such as novel/familiar, good/bad, self-relevant or not, interpretations of 

the internal and external environments and anticipation of outcomes amongst others (Waugh et 

al., 2015). Hence, poor estimation and judgments of short durations in ADHD may impede on 

the processing of these emotional features and lead to rash, poorly controlled and impulsive 

behaviour in emotionally-evocative situations. This explanation for the relevance of poor time 

judgements being linked to ED in ADHD is tentative and partly based on previous 

conceptualizations of 6s being a short duration (e.g., Marx et al., 2017; Barkley & Fischer, 

2019). This hypothesis should be more thoroughly investigated in studies employing dynamic 

emotional stimuli and more directly measuring time perception as the emotional events unfold. 
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From a theoretical perspective, this study refutes Barkley’s (1997) view which 

emphasizes the role of inhibitory deficits as a primary cause of the association between ED and 

ADHD. In particular, response inhibition was not the most deficient area of cognition in ADHD 

and contributed very minimal unique variance in ED (1%) compared to other neurocognitive 

scores. It is worth noting that there was a strong correlation between inhibitory control and 

inattentiveness which was more impaired in the ADHD participants. These results could suggest 

that in fact, deficits in attentional processing may culminate into secondary deficits in inhibition 

(Banaschewski et al., 2004; Mcloughlin et al., 2010) rather than the opposite as previously 

thought (Barkley 1997) although, this should be investigated further. Nonetheless, our results 

give some weight to the idea that ADHD and ED may be correlated but separable dimensions 

with partly overlapping but dissociable neurocognitive underpinnings (Shaw et al., 2014). As 

such, current results support the idea that multiple brain pathways may be involved in the 

aetiology of ED in ADHD (Nigg & Casey, 2005). Notably, together, the neurocognitive factors 

explored here explained only 11% of variance in ED. Hence, other cognitive processes may be 

implicated in the ADHD-ED association. For instance, the role of working memory needs to be 

further assessed due to the conflicting results obtained so far across studies (Gisbert et al., 2018; 

Jensen et al., 2018; Marx et al., 2011). A more comprehensive neuropsychological battery 

gathering information regarding the role of various aspects of cognitive control might be advised. 

Future models might also benefit from incorporating physiological assessments together with 

neuropsychological and self-reported measures of ED for a more holistic understanding of its 

etiology in ADHD (Hermann, Biehl, Jacob, & Deckert, 2010; Hirsch et al., 2018).  

Present results do have potential clinical implications. Psychiatric comorbidities in 

ADHD seem to play a bigger role in ED than cognitive functions. These comorbidities can 
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impact on the presence and course of both ADHD and ED and may require adequate treatment 

independent of that of ADHD. Our results also emphasise the need for clinicians to thoroughly 

screen ADHD patients for other DSM-5 disorders and to thoroughly assess patients with other 

DSM-5 conditions for ADHD. 

Whilst this research study sheds some light as to the impact of cognitive deficits on 

ADHD-related emotional difficulties, results should be interpreted in light of limitations. Firstly, 

ED was assessed using a self-report measure, the DERS (Gratz & Roemer, 2004). Whilst adults 

(with and without ADHD) tend to be reliable informants, it is still a possibility that the veracity 

of some participants’ self-ratings might have been impacted by poor self-awareness. Moreover, 

emotional regulation is a multi-componential process with multiple processes unfolding along 

their own timeline, from the perception of basic features of the emotional scene to the application 

of strategies to modulate responses (Waugh et al., 2015). The DERS could not differentiate 

between these various elements and it was also not possible to observe cognitive mechanisms at 

play. Another shortcoming of the DERS is that it only focuses on regulations of negative 

emotions. Yet, individuals with ADHD also demonstrate over-activity to positive emotions 

which in turn makes them inept in social situations (Bunford, Evans & Langberg, 2014). Future 

research would benefit from incorporating more thorough and more objective measures of ED. 

This may include informant reports and/or real-time observations of participants during tasks 

eliciting emotions and requiring regulation (Hollenstein & Lanteigne, 2018). An example may 

include the use of emotional film clips or pictures to observe emotional regulation skills and 

strategies using a number of methods such as self-report measures and neuro-imaging techniques 

(Dhaka & Kashyap, 2017). A second major limitation of our study relates to the time perception 

task used. The time reproduction task included neutral stimuli that participants were to estimate 
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and reproduce. The task was designed as such with the aim to capture the individual’s pure 

judgment of time. However, realistically, emotional situations are highly dynamic, and it is 

posited that the emotions evoked may influence cognitive processes (i.e., working memory and 

attention) and physiological arousal. The effect of those processes on the internal clock and how 

they alter time perception has been documented in the past (Droit-Volet, et al., 2011) but could 

not be directly observed in this study.  

In summary, this study demonstrates that adults with ADHD experience significant 

difficulty regulating their emotions which are worsened by specific neurocognitive deficits. In 

particular, errors in processing and judging time, inattention and inhibitory control may increase 

the likelihood of ADHD probands experiencing problems with regulating emotions. Results 

indicate that the association between ADHD and ED may be accounted for by distinct but 

overlapping neurocognitive factors.  
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5.1. Thesis Aims and Organisation of General Discussion 

There is a growing awareness by clinicians and in the research literature that ADHD can be 

lifelong (Franke et al., 2018; Luo et al., 2019). Whilst the disorder is well-characterized in children, 

however, much still remains unknown about its adult form. Of note is that in the adult ADHD 

literature, specific subgroups are relatively under-studied. For instance, there are gaps in knowledge 

regarding the extent to which ADHD symptoms are present in young adults within university settings. 

Moreover, it has been found that ADHD symptoms can undergo changes throughout the lifespan. One 

key example of this pertains to symptoms of emotion dysregulation (ED) increasingly dominating the 

clinical picture as individuals grow older (Shaw et al., 2014; Franke et al., 2018). Given this, there has 

been increasing interest in clarifying the nature of ED within the ADHD context. The present research 

program therefore sought to address these two critical gaps in the ADHD literature, firstly, by 

establishing the rate of ADHD symptoms in an Australian undergraduate sample and, secondly, by 

elucidating the neurocognitive bases of ED in adult ADHD. Three studies addressing these two aims 

were conducted and are summarized next. 

5.2. Review of Research Findings 

5.2.1. Study 1: Examining the Rate of Self-Reported ADHD-Related Traits and 

Endorsement of Depression, Anxiety, Stress, and Autistic-Like Traits in Australian University 

Students.  

Study 1 of this thesis (Chapter 2) aimed to estimate the frequency at which Australian 

undergraduate students endorse ADHD-like symptoms. As some students may not have been 

diagnosed in the past, this study did not limit itself to examining the prevalence of individuals 

formally diagnosed (e.g., during childhood and adolescence) but instead, broadened its focus to 

include individuals with clinically elevated ADHD symptoms. The second aim of this first study was 
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to examine the effects of elevated ADHD symptoms on the psychological functioning of students, 

focusing on depression, anxiety, psychological distress and autistic-like traits.  

Overall, this study made an important contribution to the adult ADHD literature by showing 

that a substantial proportion, that is, 17.3% of 1,002 undergraduates undertaking various types of 

courses and at various stages of their university course experienced at-risk levels of ADHD 

symptoms. It was also found that latent ADHD symptoms may interfere with students’ psychological 

functioning during their university years by inducing symptoms of depression, anxiety and 

psychological distress (with moderate to large effect sizes). Specifically, hyperactivity/impulsivity and 

poor self-concept as observed on the CAARS-S: S (Conners et al., 1999) emerged as the most 

significant predictors of those psychological issues. Hence, at this challenging stage of life, ADHD-

related symptoms, and more pertinently low self-esteem and poor self-efficacy, internal restlessness 

and poor behavior regulation can be related to a host of psychological issues such as unhappiness, 

worry. Finally, ADHD-related symptoms also contributed to autistic-like traits, such as social 

difficulties, reciprocity and, abnormal allocation of attention to details and patterns.  

An implication of findings is that students presenting to health services and/or university 

counselling services with symptoms akin to ADHD be thoroughly assessed and interventions be 

implemented to prevent secondary problems with psychological functioning. Having ascertained that 

ADHD symptoms manifest at varying levels in an undergraduate sample, the next step was to explore 

another prominent feature of the disorder in this population, namely, ED. 

5.2.2. Study 2: The Role of Neurocognitive Functions in Emotion Dysregulation in Adults 

with Elevated Levels of ADHD Traits. 

Adults with ADHD exhibit considerable difficulties processing and modulating their 

emotional experiences (Beheshti et al., 2020). Recently, there has been burgeoning interest in 

examining whether the neurocognitive deficits that are consistently found in ADHD may also be 
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implicated in the emergence and maintenance of ED (e.g., Banaschewski et al., 2012; Gisbert et al., 

2018; Surman et al., 2015). Hence, a subset of neurocognitive domains considered to be 

endophenotypic of ADHD were examined in relation to ED in a sample of young adults with varying 

levels of ADHD-related symptoms (Rommelse et al., 2008). These domains represented time 

perception as well as executive control functions, namely working memory, attention and inhibitory 

control (e.g., Mostert et al., 2017; Noreika et al., 2013). The first aim of Study 2 was to ascertain that 

ADHD was indeed correlated with ED in this specific sample. The second aim was to then gauge 

whether time perception, verbal and nonverbal working memory, attention and inhibitory control 

would moderate the association between ADHD and ED. 

Consistent with past research in adult ADHD, it was found that young adults endorsing more 

severe ADHD symptomology were also highly likely to report experiencing symptoms of ED 

(Beheshti et al., 2020; Sjöwall & Thorell, 2019). Moderation analyses revealed that more accurate 

temporal processing (as denoted by lower levels of error in reproducing a 2s interval) and lower 

verbal working memory both strengthened the association between self-reported ADHD symptoms 

and ED. These results contributed to the ADHD literature by showing that top-down cognitive control 

mechanisms interact with ADHD, and as such can be associated with ED. In particular, a novel aspect 

of this piece of research is that it demonstrates that abnormal internal processing of time can impair an 

individual’s ability to self-regulate and respond appropriately in emotionally colored situations. 

Results also underscored the role of verbal working memory deficits in hindering the manipulation of 

incoming information and impacting of re-appraisal in emotional situations.  

5.2.3. Study 3: The Neurocognitive Correlates of Emotion Dysregulation in Adults with 

ADHD: A Focus on Working Memory, Attention, Inhibition and Time Perception. 

Having established that some neurocognitive domains may indeed influence the strength of the 

association between and ADHD symptoms and ED, the logical next step was to extend those findings 
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to adults with a formal diagnosis of ADHD. This was therefore the primary purpose of Study 3 

(Chapter 4). Notably, both cognitive deficits and ED in the context of ADHD have been shown to be 

heterogeneous (Mostert et al., 2017; Beheshti et al., 2020). This signifies that whilst at a group level 

ADHD probands generally score poorer on measures of both symptom domains, there are large 

individual differences in their presentation and severity and some diagnosed individuals do not 

experience any significant issues therein. Hence, a correlational approach acknowledging the 

dimensional and heterogeneous nature of cognitive functioning and ED in adult ADHD was adopted. 

In particular, this study assessed whether the combination of an ADHD diagnosis and neurocognitive 

impairment lead to more severe difficulties regulating emotions.  

As expected based on past research (e.g., Beheshti et al., 2020), initial group comparisons 

confirmed that the ADHD group self-reported higher levels of ED. Moreover, in line with existing 

knowledge regarding cognitive deficits in ADHD (e.g., Mostert et al., 2017; Noreika et al., 2013), 

probands produced significantly poorer scores on a measure of visuospatial working memory, 

inhibition, inattentiveness, time reproduction accuracy and error compared to controls. Similarly, ED 

was also broadly associated with the same cognitive measures. Crucially though, regression analyses 

revealed that after ADHD diagnostic status, psychiatric illness, sex and age were controlled for, error 

in time reproduction of 6s intervals (i.e., AD_6s) was the strongest predictor of ED followed by 

inattentiveness, AD_12s and inhibition. Hence, put differently, greater difficulties with regulating 

emotions in ADHD may be at least partly attributed to anomalous processing of event duration, 

abnormal allocation of attention to relevant information and poor inhibition of inappropriate behavior. 

This study has important theoretical implications, firstly, supporting multiple pathway theories to the 

etiology of ADHD and secondly, emphasizing the need to employ an integrative approach to the study 

of ED in this disorder (Nigg & Casey, 2005). Clinical implications are also noted. In particular, it is 

argued that thorough neurocognitive assessment in ADHD can shed some light into associated 
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difficulties such as those pertaining to ED. Our results also provide some preliminary evidence that 

whilst ED and ADHD are strongly associated, they are nevertheless independent domains.  

Taken together, this thesis has generated a number of primary conclusions. Firstly, it has 

illustrated that self-reported ADHD symptoms can be prominent and impact on the psychological 

well-being of even individuals who are highly-functioning, namely university students. Whilst this 

conclusion is based on self-report measures of ADHD and psychological symptoms, results (a) 

highlight the importance of screening university students who may potentially have undiagnosed 

ADHD symptoms and (b) also provides a basis for future research seeking to examine the prevalence 

and impact of ADHD in undergraduate populations in Australia. Secondly, this thesis demonstrated 

that not only diagnosed ADHD, but also high endorsement of ADHD symptoms is associated with 

higher risks of experiencing ED. These particular findings are important in showing that ED is not 

only a relevant feature of diagnosed ADHD but can also be associated with undiagnosed ADHD 

symptoms in non-clinical samples. Third, in line with multiple pathway theories of ADHD 

(Castellanos et al., 2006; Sonuga-Barke et al., 2010), it was found that two types of neurocognitive 

functions, namely those tapping into top-down executive control functions (e.g., working memory, 

inhibition and attention) and temporal processing are associated with ADHD. Importantly though, 

nuances in the results were found as different patterns of cognitive functions were related to self-

reported ADHD symptoms (Study 2) as compared to established diagnosis of ADHD (Study 3). These 

differences are reviewed first so as to facilitate the interpretation of the overall results regarding the 

neurocognitive correlates of the ADHD-ED association.  

5.3. Differential Performance of Adults with ADHD on Neurocognitive Measures 

As reviewed in earlier chapters, neuropsychological models of ADHD have long held that 

deficits in neurocognitive functions are chiefly responsible for the behavioral deficiencies and 

excesses that are characteristic of the disorder, although at varying levels (Barkley, 1997a; Nigg, 
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2005; Sergeant, Geurts, Hujibregts, Scheres & Oosterlaan, 2003). Hence, Study 3 results in particular 

contributed to the wider literature on ADHD by demonstrating that indeed, participants with ADHD 

performed significantly worse on measures of; (a) executive/top-down cognitive control, namely, 

visuospatial working memory, attention and inhibitory control and (b) time perception (i.e., time 

reproduction). These findings are consistent with broader theories of ADHD suggesting that 

neuropsychological deficits are aptly characterized by multiple pathways of deficits, including in EFs 

(comprising working memory, attention, response inhibition and set-shifting) (e.g., Willcutt et al., 

2005; McAuley, Crosbie, Charach & Schachar, 2014; Martinussen, Hayden, Hogg-Johnson & 

Tannock, 2005; Marx et al., 2010; Mostert et al., 2017; Rommelse, Oosterlaan, Buitelaar, Faraone & 

Sergeant, 2007) and timing deficits (Castellanos et al., 2006; Cubillo et al., 2011; Noreika et al., 2013; 

Sonuga-Barke, 2003; Sonuga-Barke et al., 2010; Zelazo & Carlson, 2012). 

In study 2, however, self-reported ADHD symptoms were correlated, albeit weakly with 

visuospatial working memory and time perception only, which was unexpected given previous 

evidence of a linear association between ADHD symptoms and functioning across several domains of 

neuro-cognition even in undiagnosed individuals (e.g., Gau & Shang, 2010; Nigg, Blaskey, Stawicki 

& Sachek, 2004; Slaats-Willemse, Swaab-Barneveld, De Sonneville & Buitelaar, 2007; Rommelse et 

al., 2008). These different results across both Studies 2 and 3 are intriguing though they may be 

attributable to methodological issues, particularly with regards to the specific populations studied, the 

use of behavioral measures and the conceptualization of variables in both studies (e.g., dimensional 

versus categorical). These issues are reviewed further next. 

Firstly, the relative absence of significant associations between ADHD symptomology and 

neurocognitive functioning in Study 2 may be attributable to the sample of university students 

(including those with ADHD) who generally have intact if not superior cognitive skills (Green & 

Rabiner, 2012; Weyandt, Oster, Gudmundsdottir, DuPaul & Anastopoulos, 2017). Furthermore, self-
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reporting of high ADHD symptoms in at least some undergraduate students may have been the result 

of comorbid conditions at the time of the study instead of due to a lifetime experience of ADHD 

symptoms per se. Indeed, previous research has shown that university students can rate themselves 

highly on measures of ADHD because they may be experiencing other symptoms that imitate ADHD 

(Harrison et al., 2013). These other symptoms may be of psychological distress, worry, depressive 

symptoms, substance use, or sleep difficulties (Harrison et al., 2013; Fatseas et al., 2012), all of which 

are issues previously reported as highly frequent in university students. Such transient issues can also 

lead to temporary reductions in otherwise intact cognitive functioning but may not have been 

significant enough to be captured on cognitive tests administered in the current research program. 

Hence, it is possible that our sample of undergraduate students did not represent the wider population 

of university students, let alone of the general adult population with ADHD symptomology.  

A complimentary explanation of why ADHD symptoms did not correlate with most 

neuro-cognitive tests (in Chapter 3) but were linked with significantly poorer neurocognitive 

performance in Study 3 (Chapter 4) may be due to the different approaches to the measure of ADHD. 

Perhaps a dimensional approach to the study of ADHD (in Study 2) may not fully clarify the 

difficulties individuals who pass the diagnostic threshold for ADHD experience in the cognitive 

domain. In fact, our results suggest that a hybrid approach, involving both categorical and 

dimensional examinations of ADHD and neurocognitive functioning may be a more worthy 

enterprise. Support for this view can be gleaned from studies examining the neurocognitive 

endophenotypes of ADHD and showing that there are clear distinctions between individuals with 

ADHD and those self-reporting high levels of undiagnosed ADHD symptoms. 

For instance, Rommelse and colleagues (2008) examined the predictive validity of a general 

neurocognitive endophenotypic construct to ADHD diagnostic status in a sample of children with 

ADHD, their non-affected siblings endorsing varying levels of ADHD-like symptoms and, controls. 
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The endophenotypic construct comprised scores from a range of neuropsychological measures 

previously established to have endophenotypic viability in ADHD, including (but were not limited to) 

measures of inhibition, attentional shifting, time reproduction and of verbal and visuospatial working 

memory. It was found that endophenotypic vulnerabilities co-varied with phenotypic presentations 

and there were considerable overlaps in the endophenotypic presentation of probands of all three 

diagnostic groups (i.e., ADHD, unaffected siblings and controls) (Rommelse et al., 2008). Whilst 

these supported the view that ADHD traits are continuous, the neurocognitive endophenotypic 

construct clearly differentiated individuals with a diagnosis of ADHD from those without (including 

non-affected siblings and controls). Diagnosed individuals manifested with a more severe ADHD 

phenotype than non-diagnosed individuals, and to a greater extent than would be expected based on 

their neurocognitive endophenotypic functioning. These findings were important for two particular 

reasons. Firstly, they showed that there are clear group differences between diagnosed individuals and 

unaffected individuals, including those reporting sub-clinical levels of ADHD symptoms. Secondly, 

these results attest to the view that neurocognitive functioning in ADHD is highly heterogeneous as 

some but not all probands display neurocognitive deficits and if they do, they tend to vary greatly 

(Rommelse et al., 2008). Because of this heterogeneity, effect sizes reflecting the magnitude of the 

difference between ADHD and non-ADHD individuals in terms of cognition tend to be small (Nigg, 

et al., 2002; Rommelse et al., 2008) - a finding made in Study 3 of this thesis.  

It is worth mentioning that these findings by Rommelse and colleagues (2008) are well-

supported (e.g., Gau & Shang, 2010; Martinussen et al., 2005), although much of this research is 

based on studies of children and adolescents and caution needs to be exercised when applying these 

findings to adults. Nonetheless, there are indications that the differences in cognitive performance 

between clinical and non-clinical samples persist with age (Rommelse et al., 2008). Further research 

in adolescents showed that whilst cognitive performance amongst ADHD participants show some 
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general improvement with age regardless of changes in ADHD symptoms and associated 

impairments, performance in some domains such as response inhibition remain whilst others such as 

working memory improve (McAuley et al., 2014). In fact, the latter results may explain why working 

memory, in particular verbal working memory performance was (a) not related to ADHD symptoms 

in Study 2 and (b) no different between our ADHD and non-ADHD groups in Study 3.  

In combination, the results of the aforementioned research provides support for this thesis’s 

adoption of both a dimensional and a categorical approach to the study of ADHD and neuro-

cognition. That endophenotypic dysfunction is proportionally related to phenotypic presentations 

supports the dimensional approach (Rommelse et al., 2008). At the same time, our categorical 

approach is also supported by the literature on the cognitive endophenotypes of ADHD demonstrating 

clear group differences. This research demonstrates that individuals who have undergone the 

diagnostic process may represent a distinct group of individuals whose genetic predispositions to 

ADHD might have interacted with environmental factors and aggravated their observable phenotype 

over time (including neurocognitive deficits). It is acknowledged that an explanation of differences 

between the non-clinical and the clinical samples examined in this research program as stemming 

from differences in cognitive endophenotypes is purely hypothetical and it was not within the remits 

of this PhD to assess for those. Nonetheless, the evidence from the literature on the neurocognitive 

endophenotypes of ADHD together with our findings suggest that group comparisons of ADHD 

versus non-ADHD individuals is still warranted as they can capture a unique set of cognitive 

difficulties that may not be identified if only a non-clinical ADHD sample is studied.  

5.4. Neurocognitive Functions in the ADHD-ED Association 

Having established that adults with ADHD do indeed display poorer neurocognitive functions 

compared to controls, the next step was to explore how these neurocognitive functions relate to ED. It 

was hypothesized that ED in ADHD may result from similar or overlapping neurocognitive 
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dysfunctions as core symptoms of ADHD do (as per Models 1 and 3 of Shaw et al., 2014). Extending 

the limited literature examining a direct relationship between higher order cognitive control and ED in 

both children (e.g., Banaschewski et al., 2012; Walcott & Landau, 2004) and adults with ADHD (e.g., 

Gisbert et al., 2018), the collective findings made in Studies 2 and 3 demonstrated that indeed, top-

down EFs such as working memory, inhibition and attention as well as timing functions may play an 

important role on the ability of adults with ADHD symptoms to modulate their emotional experiences.  

Noticeably though, the pattern of results differed across both Studies 2 and 3 likely due to the 

methodological differences outlined in the previous section (e.g., the categorical approach versus the 

dimensional versus and the study of an undergraduate sample versus a wider sample of adults with 

and without ADHD). Specifically, in Study 2 (Chapter 3), temporal processing and verbal working 

memory were identified as two cognitive functions that may strengthen the association between self-

reported ADHD symptoms and ED. In contrast, Study 3 (Chapter 4) comprising a clinical sample of 

adults diagnosed with ADHD revealed that poorer temporal processing, abnormalities in attentional 

processing and higher levels of inhibitory deficits contribute significant unique variance in ED in 

addition to ADHD. The discrepant results across both studies are further explored next and a case is 

made for the consideration of time perception as potentially an important source of difficulties with 

emotion regulation in both adults with ADHD as well as those at risk of ADHD.  

5.4.1. Executive Control Mechanisms and ED 

Building on the limited and inconclusive body of research examining the role of top-down 

executive control in ED in relation to adult ADHD (Gisbert et al., 2018; Marx et al., 2011; Surman et 

al., 2015), the findings derived from Study 3 (Chapter 4) demonstrated that inhibitory control and 

attentional deficits are unique predictors of ED in adults diagnosed with the disorder above and 

beyond ADHD symptomology and psychiatric comorbidity. Furthermore, in Study 2 (Chapter 3) 

adopting a dimensional approach, there were indications that verbal working memory influence the 
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strength of the association between self-reported ADHD symptom and severity of ED. In other words, 

it was found in the latter study that adults endorsing high levels of ADHD symptoms were also more 

likely to report difficulties modulating their emotional experiences if their working memory capacity 

was lower than if it was higher. Pieced together, the results derived from this thesis may represent a 

step towards clarifying existing conceptual models hypothesizing about the nature of the association 

between ADHD and ED (Shaw et al., 2014). Given original conceptualizations of ED as being a by-

product of deficits in inhibitory control (Barkley, 1997b), we first turn to this mechanism. 

5.4.1.1. Inhibitory control. Poorer inhibitory control as mentioned previously was, as 

expected an important factor exacerbating the severity of ED above and beyond diagnosed ADHD and 

psychiatric illness (Study 3). The wider literature comprises other types of research paradigms, in both 

children and adults, which lend support to our findings. For instance, it was shown that children with 

ADHD probands have more difficulties suppressing their expressions of negative affect in potentially 

frustrating situations (Maedgen & Carlson, 2000; Walcott & Landau, 2004). Those differences may 

have a neurological basis as ERP research shows greater P3 amplitudes and OFC activity in ADHD 

participants reflecting enhanced activation of inhibition-related neural mechanisms during the 

emotionally salient conditions (Lopez-Martin, Albert, Fernandez-Jaen & Carretie, 2015). Such 

enhanced activity in ADHD suggests that ADHD probands may expend more of their cognitive 

resources to suppress their behavioral responses during emotionally evocative situations than non-

ADHD participants (Lopez-Martin et al., 2015). Research in adolescents and adults also indicate 

abnormal recruitment of inhibitory-control mechanisms during emotional situations. In another ERP 

study examining response inhibition during an emotional go/no-go task comprising three conditions 

(including fear, happy and neutral), adolescents with ADHD demonstrated larger N170 responses than 

controls in the emotion-inducing conditions (Alperin et al., 2017). These specific patterns of neural 
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responding reflected greater emotional responding and were also associated with fewer correct trials 

(Alperin et al., 2017).  

In adults however, the results have so far been contradictory. In one study involving the 

administration of a neuropsychological test battery and comparing the performance of adults with 

ADHD + High ED to a group of adults with ADHD + Low ED, Surman and colleagues (2015) failed 

to find group differences on a Stroop measure (another widely used measure assessing interference 

control). Using a similar approach to ours, however, a recent study of adults with ADHD 

demonstrated that poor inhibitory control on the CPT-II was the only important neurocognitive 

measure in those with higher levels of emotional lability after accounting for core symptoms, 

comorbidities and sex (Gisbert et al., 2018). 

At face value, our results may appear to support Barkley’s original thoughts that inhibitory 

functions may be a core cognitive domain that is associated with ED (Barkley, 1997b). Nonetheless, 

our findings fail to support this view for a number of reasons. Firstly, the magnitude of the difference 

in inhibitory functions between ADHD and controls was found to be modest (Study 3). Furthermore, 

inhibitory control was only weakly related to and only contributed a small amount of unique variance 

in ED scores (i.e., 1%) refuting the idea that deficient emotion regulation in ADHD emerges as a 

direct result of poor inhibitory control only (Barkley, 1997b). Secondly, inhibitory control did not co-

vary with symptoms of ADHD or ED in Study 2. Hence, our results fail to support Model 1 presented 

by Shaw et al. (2014). Crucially, as well as inhibitory control, inattention, was also identified as a 

unique contributor to ED aside from core symptoms of ADHD in adults (Study 3). 

5.4.1.2. Attentional control.  Top-down attentional control and represents an individual’s 

ability to maintain focus, or in other words, to sustain a state of mental readiness to rapidly select, 

detect and respond to relevant stimuli in their environment (Conners, 2014; Posner & Petersen, 1990). 

Our data, therefore suggests that poor attentiveness in adults with ADHD represents an additional risk 
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of developing ED alongside other attentional deficits that are core to a diagnosis of ADHD, in 

particular, sustained and selective attention (Barkley, 1997a; Boonstra et al., 2005; Marchetta, Hurks, 

De Sonneville, Krabbendam & Jolles, 2008; Tucha et al., 2017). The ability to maintain and shift 

attention over time facilitates the filtering of irrelevant information from the environment and 

enhances cognitive flexibility – a most important higher-order executive function which enhances 

problem-solving and self-regulation (Logue & Gould, 2014). Distractibility (and poor attentional 

control), however, can result in a frequent shifting of attention amongst irrelevant stimuli thus 

hampering problem-solving and the self-regulation of behavior.  

In order to understand the specific effects of attentional control on ADHD-related emotion 

regulation deficits, it may be important to consider the neuroimaging research in neuro-typical 

individuals which has shown that the encoding of emotional stimuli and the activation of regulatory 

processes entail distinct brain pathways (Viviani, 2013). For instance, the amygdala has been 

implicated in the early perception and encoding of emotionally salient information (e.g., Weymar & 

Schwabe, 2016). The amygdala also facilitates the effective refocusing of attention so that emotional 

material that is relevant to current goals and to survival receive priority processing (Phelps, 2006). In 

contrast, the prefrontal regions become activated to suppress emotional information that interferes 

with cognitive tasks (see review by Oschner et al., 2012). Individuals with ADHD have been shown in 

fMRI studies to demonstrate abnormal amygdala-prefrontal cortex functional connectivity which has 

been associated with emotional lability in the context of negative emotions (Hulvershorn et al., 2014).  

Evidence for ADHD-related weaknesses in top-down attentional control is also well supported 

particularly in studies employing non-emotional tasks (e.g., Huang-Pollock, Nigg & Carr, 2005; 

Kofler et al., 2013; Willcutt et al., 2005). More importantly, it appears that the recruitment of 

attentional control mechanisms on non-emotional tasks are mediated by the same neural networks and 

brain regions that facilitate the control of attention in emotionally laden contexts. This is based on 
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functional MRI research which has pinpointed the DLPFC, the VmPFC, the anterior cingulate and 

parietal cortical areas as becoming more activated in situations when individuals are required to 

control their attention on emotional tasks as well as on non-emotional tasks (Oschner, Silvers & 

Buhle, 2012). In light of this, it has been postulated that ADHD probands intrinsically have weak 

attentional control and this attention control is what underlies their ability regulate themselves in 

emotional contexts (Karalunas, Weigard & Alperin, 2019). In support of this hypothesis, our results 

showed that adults with ADHD scored significantly poorer on a non-emotional measure of attention 

control, namely the CPT-3, and this very measure was found to be associated with higher ED severity. 

5.4.2. Mechanisms via which executive control may impede on emotion regulation in 

adult ADHD.  

A review of the wider literature on the neurocognitive correlates of the ADHD and ED 

association makes it clear that a discussion of the implications of attentional control should not be 

separate from a discussion of inhibitory control, and even working memory given that these domains 

may interact in affective contexts (Marx et al., 2011). The mechanisms via which these three 

executive control mechanisms may impede on emotion regulation in adults with ADHD may be 

postulated based on research in neuro-typical adults as well as in ADHD specifically. 

In particular, inhibitory functions seem to be impacted by the effects of emotional stimuli on 

attention. Emotionally salient stimuli automatically captivate attention and are therefore granted 

preferential processing over non-emotional stimuli, given that may indicate important changes in the 

social environment and/or may have survival value (Tenenbaum et al., 2019). Consequently, these 

types of stimuli may interrupt any ongoing inhibitory activities and/or elicit additional effort to either 

inhibit any pre-potent emotional responses or execute responses (Schimmack & Derryberry, 2005). 

Previous research in neuro-typical participants has shown that an ability to inhibit responses and 

execute a task weakens when emotional information is included in a response inhibition task as 
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opposed to neutral information (e.g., Herbert & Sutterlin, 2012; Schultz et al., 2007). This type of 

impairment is typically observed in a decrease in performance accuracy and slowed reaction times in 

emotional conditions. Neuroimaging research further clarifies the mechanisms via which inhibitory 

functions become depleted in emotional situations by demonstrating that emotion regulatory 

processes evoke neural activation in the same prefrontal regions that are elicited when inhibitory 

control is required (Goldin, McRae, Ramel & Gross, 2008). Furthermore, in healthy samples, 

selective attention to emotional stimuli leads to enhanced amygdala activation while response 

inhibition to emotionally evocative stimuli elicits the activation of the inferior frontal regions and 

insular cortex (Shafritz, Collins & Blumberg, 2006). As such, the process of regulating emotions 

increases cognitive load and depends on the activation of additional brain regions not involved in the 

simple detection of emotional stimuli. 

Importantly though, it has been suggested that emotionally evocative situations involving the 

processing of ambiguous and simultaneous (e.g., mood congruent and mood incongruent) information 

may momentarily overload working memory resulting in a reduced ability to fully process the event 

(Raczy & Orzechowksi, 2019). This can occur during tasks inducing emotions in individuals with 

otherwise intact cognitive functions (Raczy & Orzechowksi, 2019). Evidence of such decrements in 

working memory have also been shown in research on adults with ADHD (Marx et al., 2011). Marx 

and colleagues (2011) found that both controls and adults with ADHD displayed reduced working 

memory capacity when emotionally salient pictures were subliminally presented during an n-back 

task. This decrement was, however, worse in ADHD participants and was observed both when the 

emotional stimuli induced low and high arousal. Remarkably, this reduced working memory capacity 

in the face of arousing emotionally salient information, particularly in ADHD probands appeared to 

occur due to difficulties in ignoring task irrelevant emotional information (Marx et al., 2011). Hence, 

poor suppression of attention towards emotionally salient information in the environment may 
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exacerbate the basic attentional difficulties that are core to ADHD. Based on this view, deficient 

inhibition and poor attentional control in ADHD may be enhanced under conditions entailing 

ambiguous processing of information and can temporarily disrupt the processing of information in 

working memory (Marx et al., 2011; Raczyk & Orzechowksi, 2019).  

It is acknowledged that Studies 2 and 3 did not involve real-time processing of emotional 

events and any form of direct observations of interactions amongst those three seemingly important 

cognitive control domains in emotionally evocative situations. Nonetheless, it is possible that 

decrements in an otherwise average working memory may occur in emotionally salient contexts thus 

leading participants with ADHD symptoms (diagnosed or undiagnosed) to retrospectively report 

poorer ED. It is possible that the moderation analysis in Study 2 may represent evidence for this as it 

showed that ADHD symptomology appears to be more strongly associated with poor emotion 

regulation when an individual has more difficulties processing and manipulating phonological 

information. As such, Study 2’s dimensional approach together with its use of a moderation analysis 

may have provided a unique opportunity to specify the conditions under which the link between 

ADHD and ED may be stronger, or particularly relevant (i.e., ED is worse when working memory is 

lower). Furthermore, in Study 3, both inhibitory control and attention control were not only found to 

be worse in ADHD adults, but they were also significantly associated. Hence, higher levels of 

difficulties inhibiting responses were related to higher levels of difficulties controlling one’s attention 

and allocating it effectively to relevant information in the environment. Both worse inhibitory control 

and attention were related to poorer working memory (although modestly).  

Notably though, these statements regarding the potential association between working 

memory, attention and inhibition is conjectural at best and whilst supported by Marx and colleagues 

(2011), it still requires further investigation. However, our results offer some preliminary evidence 

that neuropsychological tests that are commonly used in clinical practice in the assessment of 
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individuals with ADHD, including the CPT-3 (Conners, 2014), the CAARS (Conners et al., 1999) and 

the DERS (Gratz and Roemer, 2004) can provide some information regarding the risk that an adult 

with ADHD will experience higher levels of impairments in domains such as emotions. 

Drawing together the above findings pertaining to inhibition, attention and working memory 

indicate support for the view that deficits in the self-regulation of emotions emanate from pathological 

levels of emotional impulsivity (denoted by a lowered threshold for emotional reactivity and speeded 

responses to internal and/or external emotionally evocative events) that result from poor executive, 

top-down control (Barkley, 2010). As reviewed earlier, executive control is facilitated by not one 

executive function but instead relies on the coalescing of several cognitive control functions in the 

service of adaptive, goal-directed behavior (Barkley, 2010). As such, executive control relies on 

effective monitoring and allocation of attention towards information that is task-relevant, the 

suppression or inhibition of task-incongruent information as well as behavioral planning and 

organization (Hoffman, Schmeichel & Baddeley, 2012; Funahashi, 2001).  

Ultimately, it is worth noting that both deficient inhibition and attentional processes only 

contributed a very small amount of unique variance in ED above and beyond a positive ADHD 

diagnostic status. When examining the literature on the neurocognitive underpinnings of ED in adult 

ADHD, it is clear that other important functions which are reliably impaired in ADHD have been 

overlooked. One of these cognitive functions that has received limited attention when examining ED 

in the adult ADHD literature was time perception.  

5.4.3. Time Perception as an Important Determinant of the Association between Adult 

ADHD and ED 

As summarized earlier, both Studies 2 (Chapter 2) and 3 (Chapter 4) indicated that temporal 

processing influences how an individual with ADHD symptoms modulates their emotional 

experiences. This is an important finding given the absence of previous research directly examining 
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the effects of this particular cognitive domain on ADHD-related emotion regulation. The AGT 

(described in the General Introduction) (Zackay & Block, 1994) provides a useful framework for 

understanding this relationship. To recap, according to the scalar expectancy theory upon which the 

AGT is based, the ability to perceive time relies on the operation of three mental components; clock 

processes (i.e., hypothetically referred to as the pacemaker), working memory (hypothetically referred 

to as the accumulator) and decision stages (Gibbon, Church & Meck, 1984). This account proposes 

that individual and pathophysiological differences in time perception are attributable to deviations in 

clock function, and most notably alterations in pacemaker speed, encoding and decoding of temporal 

units within working memory and executive decision stages of the clock (Allman & Meck, 2012).  

Emotions constitute another source of time perception variability given that they modulate 

physiological arousal and consequently pacemaker speed (Droit-Volet, Fayolle & Gil, 2009; Droit-

Volet, 2011; Fayolle & Droit-Volet, 2014). As reviewed earlier, emotionally evocative stimuli can 

hijack attentional resources (references); a phenomenon which can also influence the accumulation of 

time pulses representing an event (Droit-Volet et al., 2011). In the real world, one must attend to 

external events whilst maintaining an inner representation of time (Brown, 2006; Hwang-Gu & Gau, 

2015). Conversely, in ADHD, poor attention may result in poor simultaneous processing of the 

external event and of temporal dimensions of the event (Hwang-Gu & Gau, 2015). This relationship 

between attentional deficits in ADHD and timing difficulties has indeed been shown in studies 

employing dual task paradigms (Brown, 2006; Hwang-Gu & Gau, 2015). In the current research 

program, higher levels of inattentiveness were indeed found to be associated with poorer temporal 

processing.  Thus, when interpreted together, an intrinsic deficit in timing which is potentially 

worsened during emotionally evocative events, combined with poor distribution of attentional 

resources may affect the individual’s ability to fully process all aspects of the unfolding situation and 

lead to impulsive and poorly thought-through decisions and behaviors (hallmarks of ED).  
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It is noted that the effects of time perception on ED in the context of this research program was 

small. However, they are novel and as such, require further investigation. Furthermore, the 

relationship between time perception and ED may not be as straightforward as that of poor time 

perception contributing to poorer emotional regulation. In fact, both Studies 2 and 3 (Chapters 3 and 

4) yielded different observations. In study 2, better accuracy in time reproduction strengthened the 

association between ADHD symptomology and ED. In Study 3, higher levels of errors in the 

reproduction of 6 and 12s contributed unique variance in ED alongside a diagnosis of ADHD. Study 2 

results were unexpected and intriguing. However, one past study in children has also shown that 

individuals with ADHD displayed more astute perception of time on a time discrimination task when 

they were simultaneously presented with emotionally laden information (Nazai, Mirloo, Rezaei & 

Soltantou, 2016). Authors of this particular research study proposed, based on their findings, that the 

ADHD participants may focus their attention more on the temporal aspect of the task and less so on 

the non-temporal, emotional aspects of the task (Nazari et al., 2016). They further noted that the 

increased processing of temporal aspects of the task may be due to poor cognitive control in ADHD 

which may not only affect simultaneous processing (of temporal and nontemporal processing) but 

also, the effective allocation of cognitive resources towards processing the demands of the emotional 

situation (Nazari et al., 2016). The non-ADHD participants on the other hand, were more inaccurate at 

processing time during the task because their cognitive resources (e.g., attention) may have been more 

focused on processing the emotional demands of the situation rather than the temporal aspects.  

Unlike Nazari and colleagues (2016), it is not possible to ascertain that our participants 

endorsing higher ADHD symptoms experienced higher ED due to a more accurate perception of time, 

particularly given that we did not measure how they processed time and engaged their emotion 

regulation skills simultaneously and in real time. Moreover, Study 3’s findings contradicted those of 

Study 2 by showing that more error in time perception may contribute to ED. Whilst it is difficult to 
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explain those discrepant findings, what seems evident is that it is an abnormal processing of time that 

may be related to ED, regardless of whether this involves higher or lower levels of error in time 

perception.  

Another factor to also consider is that the relationship between temporal processing deficits 

and ED is not a straightforward one but may in fact be modulated by other executive control 

processes such as working memory, attention and inhibitory control – all factors studied as part of this 

research program and discussed earlier. Moreover, the interaction of these very neurocognitive 

functions is also not a straightforward one and may be moderated by cognitive effort (see Radua, del 

Pozo, Gomez, Guillen-Grima & Ortuno, 2014). Cognitive effort refers to subjective assessment of the 

level of cognitive difficulty elicited by a task and the subsequent level of mental effort applied to 

achieve the task (Radua, et al., 2014). Tasks of everyday living have varying levels of difficulty and 

accordingly, require different levels of effort. The requirement to self-regulate when confronted with 

an emotional situation is an example of a daily task that demands cognitive effort. For instance, when 

an individual is experiencing negative emotions, they may need to actively recruit attention-based 

strategies to down-regulate their emotions (Eisenberg, Smith & Spinrad, 2004). For example, they 

may distract themselves by shifting their attention away from the emotion-inducing stimulus or, they 

may break off any input from the stimulus by ignoring it. In addition, they may also use inhibitory 

control to suppress their action tendencies (e.g., resisting the urge to lash out when angered) or mask 

their facial expressions whilst simultaneously maintaining a representation of time. Hence, deficits in 

cognitive control and timing in ADHD may together impede on the elicitation of active coping in 

emotional situations.  

In a multi-modal meta-analysis of neuroimaging research exploring the brain’s response to 

varying levels of cognitive difficulty, Radua and colleagues (2014) made a number of pertinent 

findings. Firstly, it was found that the basal ganglia and the middle/superior temporal cortex were 
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highly activated only during time perception tasks. Secondly, it was found that during tasks eliciting 

temporal processing and non-temporal executive functions, there was a high level of bilateral overlap 

amongst cortical regions, and more particularly, the prefrontal regions, cingulate areas (including a 

large number of Brodmann areas), parietal regions as well as temporal regions. Third, it was found 

that tasks involving the dual processing of time and cognitive load led to activation of prefrontal 

cortical areas (including the DLPFC and VLPFC), the anterior cingulate and parietal cortices. These 

findings corroborated those of past meta-analyses also exploring the association between timing and 

cognitive load (Lewis & Miall, 2003; Niendam et al., 2012). These results together demonstrate that 

important functional relationships exist amongst brain regions that subserve cognitive control 

processes as well as timing functions. More importantly though, they indicate that the interaction 

amongst these brain networks increase as a function of tasks that require higher levels of cognitive 

effort.  

5.4.4. Summary of findings and implications. 

In sum, ED has been acknowledged to be an important feature of ADHD, but there is limited 

research considering whether its overlap with core symptoms may be accounted for by neurocognitive 

deficits (Christiansen et al., 2019). Furthermore, there appears to have been an oversight regarding the 

temporal dimensions of ED in ADHD, and yet, time seems to be a highly salient feature of the 

emotion regulatory process (Christiansen et al., 2019; Waugh et al., 2015). Results from Studies 2 and 

3 contribute important knowledge regarding the role of neurocognitive domains in ADHD-related ED. 

In particular, it was demonstrated that poorer executive control functioning in attention and inhibition, 

and to a larger extent, timing independently contribute towards deficiencies in emotion regulation, 

regardless of ADHD presentation. Taken together, the findings made in the second section of this 

thesis are most consistent with the third model proposed by Shaw and colleagues (2014) stipulating 

that the frequent association of ED to ADHD may be attributable to both symptom domains sharing 
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neurocognitive underpinnings. In particular, by virtue of non-perfect correlations between ADHD 

symptoms and ED, our results from Study 2 clearly demonstrate that emotion regulation deficits 

merely overlap with ADHD symptoms. Furthermore, notwithstanding the observation that our group 

of adults with ADHD in Study 3 reported experiencing more ED, at an individual level, not everyone 

with a diagnosis experienced such problems in the domain of emotion regulation. This particular 

result also reinforced the view that ADHD symptoms are not isomorphic with core symptoms of 

ADHD. Further supporting the view that our findings support the third model, it was found that 

deficits in emotion regulation were only modestly correlated with executive dysfunctions that are 

assumed to be intrinsically linked with the core features of ADHD (Shaw et al., 2014).  

As mentioned earlier, neurocognitive deficits common to ADHD only contributed very small 

amount of variance to ED, hence indicating small overlaps between ED and ADHD. Surman and 

colleagues (2015) previously failed to find any neuropsychological tests that could differentiate adults 

with ADHD and high ED from adults with ADHD without ED. Similarly, Hirsch and colleagues 

(2019) were able to derive a cluster of individuals with severe ED but were unable to show that 

neuropsychological variables contributed to the formation of this cluster. Nevertheless, the current 

research diverges from the aforementioned research given that no attempts were made to categorize 

participants on the basis of their level of emotion regulation skills, in recognition of the dimensional 

and heterogeneous nature of this symptom domain (Beheshti et al., 2020). Having said that, it is 

possible that within our ADHD group, our chosen neurocognitive factors would not have been 

sufficient to differentiate those with high ED versus with low ED. This is assumed on the basis of the 

very small amount contributions of each neurocognitive factor to ED.  

5.5. Clinical Implications of Findings. 

Together, studies conducted as part of this research program indicate that not only ED is an 

important feature of adult ADHD, but also that deficits in emotion regulation are associated with non-
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diagnosed ADHD symptomology. As such, current findings have potentially important implications 

for the appropriate recognition of ED and diagnosis of ADHD. It has been shown that poorer 

executive control and temporal processing may be associated with ED, particularly in diagnosed 

individuals. These results may suggest the need to consider treatment interventions targeting not only 

ADHD symptoms but also any associated neurocognitive deficits in empirically validated treatment 

interventions in adults with ADHD. The implications of ED to the diagnosis of ADHD are discussed 

next followed by a discussion of possible interventions that may be of benefit to help individuals with 

ADHD manage their difficulties. 

5.5.1. Diagnostic implications.  

It is extensively documented that ADHD symptoms frequently occur alongside those of mood 

disorder, substance use disorders and various forms of antisocial behavior (see Katzman, Bilkey, 

Chokka, Fallu & Klassen, 2017for review). In fact, Study 1 of this thesis attested to such overlaps in 

ADHD symptoms and possible comorbid conditions such as anxiety and depression. These significant 

overlaps in symptoms present a formidable diagnostic challenge as it is often the case that they do not 

represent a genuine underlying mental health condition but may in reality denote problems with 

ADHD-related problems with emotion regulation (Barkley & Brown, 2008; Reimherr et al., 2005; 

Rosler et al., 2010). As such, it is suspected that ED, a distinctive and clinically important feature that 

can be informative to the diagnosis of adult ADHD, may inadvertently be misdiagnosed as a comorbid 

disorder such as a mood or anxiety-based disorder which like ADHD, may also have features of 

strong emotional reactivity (Thorell, Tilling & Sjöwall, 2020). Such incorrect diagnoses may be 

brought on by the fact that medical professionals are often better acquainted with mood and anxiety 

disorders, thus delaying much needed ADHD treatment for adults (McIntosh et al., 2009). In addition, 

these misdiagnoses may also be exacerbated by a view held by many practitioners that ADHD is over-

diagnosed and over-treated (Paris, Bhat & Thombs, 2016). Hence, a consequence is that adults who 
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should otherwise receive appropriate interventions for ADHD may instead be treated for other 

disorders (Kooij et al., 2010).  

In light of these considerations, it is obvious that the ability to identify whether emotional 

regulation deficits symptoms are indicative of a risk of having ADHD is paramount. It has been 

suggested that a crucial way in which this can be achieved is by taking into consideration that 

emotional reactivity (also known as emotional impulsivity or emotional lability) characterizes the 

frequency and intensity of emotions experienced (Faraone et al., 2019) and this appears to be a 

common feature that is shared across several psychiatric presentations (Thorell et al., 2020). 

Conversely, deficient self-regulation of emotions may be an important factor differentiating ADHD 

symptomology from other types of disorders given the cognitive underpinnings of this process in 

ADHD. Based on our results, it appears that ED in ADHD has a temporal basis whereby abnormal 

timing is associated with poor ED. Furthermore, there is also evidence of abnormal recruitment of 

specific types of regulatory strategies to modulate emotional experiences (Thorell et al., 2020). For 

instance, avoidance is a strategy that has been frequently found in populations of adults with ADHD 

(Bodalski, Knouse & Kovalev, 2018; Torrente et al., 2014; Young, 2005). In explaining these 

observations, Bodalski and colleagues (2018) posited that avoidance may be a hallmark of the 

inattentive domain of ADHD and may arise due to the undesirability of the evolving emotionally 

evocative situation. Moreover, this style of coping or regulating in ADHD may be elicited as 

emotionally-evocative events require mental effort – something which brings discomfort to the 

individual with ADHD (Hsu, Eastwood & Toplak, 2017). Finally, given that ADHD probands are 

intolerant of temporal delays, they may have a preference for the immediate negative reinforcement of 

avoiding unpleasant and powerful feelings and thoughts over the delayed but more beneficial rewards 

of working through the situation.  
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 These above findings by Bodalski and colleagues (2018) have been supported. More recently, 

administering measures comprising items representing Gross’s (2002) five strategies for emotion 

regulation, ADHD probands were found to report high avoidance of emotionally salient situations 

together with poorer situation modification, attentional deployment and reappraisal (Thorell et al., 

2020). This suggests that individuals with ADHD may have a tendency to indiscriminately avoid 

situations that can evoke emotions. Hence, not knowing which situations to avoid or not can mean 

that the individual with ADHD may not know what to do in situations that they did not expect to be 

emotionally challenging. This can make regulating emotions difficult for them particularly if they 

struggle to redirect their attention, modify the situation (i.e., by identifying and implementing relevant 

strategies), engage in reappraisal of the emotional event and suppress their behavioural responses. 

Further research is still needed to ascertain what specific strategies are used (or poorly used) by 

individuals with ADHD compared to individuals with other types of disorders. However, the 

strategies identified above map onto the particular neurocognitive deficits that have been identified as 

aggravating emotion regulation difficulties in this research program, notably, attentional control, 

working memory (for reappraisal, suppression and strategy identification) and inhibitory control (for 

behavioural suppression). Hence, the association of neurocognitive deficits to specific emotion 

regulation strategies in ADHD samples should be further explored to help illuminate diagnostic 

processes.  

Whilst recognition of emotion regulation skills may be an important feature indicating that an 

individual is at risk of ADHD, it may also be important to consider the potential for cognitive 

functioning, including executive control and temporal processing to also add valuable insight into the 

diagnostic process. Clinical evaluation of adults with ADHD often comprises a standardised 

neuropsychological assessment using psychometrically sound test measures (Fuermaier, Fricke, de 

Vries, Tucha & Tucha, 2019).  
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The neuropsychological assessment of an adult with ADHD tends to be extensive and rely on 

the appropriate selection of assessment tools that target neuropsychological functions that are the most 

problematic for the individual. As reviewed elsewhere (see Fuermaier et al., 2019), 

neuropsychological test measures typically focus on domains that reliably differentiate ADHD 

probands from non-ADHD counterparts and these primarily include tasks examining divided 

attention, selective attention as well as sustained attention or vigilance. Several domains of executive 

control that are also established to be impaired in adult ADHD are typically included including 

working memory, processing speed, set shifting, planning and problem-solving, inhibitory or impulse 

control, risky behavior, generativity and concept formation (Boonstra et al., 2005; Mostert et al., 

2017; Fuermaier et al., 2019). Furthermore, given that memory functions may be impacted by poor 

executive functioning, measures of memory functioning and learning are also typically considered 

insightful (Fuermaier et al., 2019). However, selecting an appropriate battery of assessment tools is 

challenging as neuropsychologists often have numerous tests to choose from with no clear consensus 

on which would be more appropriate or sensitive to ADHD-related deficits (Fuermaier et al., 2019). 

Moreover, extensive batteries may be administered with a view to gain a complete picture of the 

individual’s neuropsychological presentation and to help inform targeted treatment avenues. However, 

due to the clear attentional and processing deficits that are inherent in ADHD, such batteries 

administered over long periods of time may be problematic and cause distress to the individual 

(Ptácek et al., 2019).  

The current PhD thesis did not include measures of all aforementioned tests of 

neuropsychological functioning given its focus on (a subset of) domains of executive control and time 

perception. What was clear though was that ADHD adults did perform poorer on the selected 

measures of executive control and time perception (Study 3). Nonetheless, the size of the difference 

between controls and probands was small indicating that whilst they performed differently, they might 
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not have been too far apart on the measures of cognition. Furthermore, the unique contributions of 

inhibition, attention and time perception to ED were also modest. In comparison, a recent research 

study showed stronger relationships between executive control measures (inhibition and working 

memory) and ED in a non-clinical sample of adults with varying levels of ADHD symptoms (Sjöwall 

& Thorell, 2019). A main point of difference between the latter study and ours was that Sjöwall and 

Thorell (2019) administered self-report measures of executive control rather than clinical measures as 

in the current PhD. Self-ratings by individuals with high ADHD traits (diagnosed and undiagnosed) 

can provide a more comprehensive understanding of their daily struggles (including with emotional 

functioning) as a result of poor executive functioning. Hence, the integration of self-report measures 

alongside objective measures of EF and ED may draw a clearer clinical picture of the effects of 

executive control deficits in ADHD.  

Another important point to consider with regards to the assessments of neuropsychological 

functioning in ADHD may be the role of time perception. In particular, Fuermaier and colleagues 

(2019) found that neuropsychologists are generally in agreement about the importance of assessing 

the aforementioned domains of cognition, it was also found that these health professionals also 

considered measures of time perception as playing a central role. Nonetheless, it is not routine to 

incorporate measures of time perception such as time reproduction within neuropsychological test 

batteries. This is despite the wealth of evidence for impairment in this cognitive domain (Barkley et 

al., 2001; Barkley & Fischer, 2019; Noreika et al., 2013; Prevatt, Proctor, Baker, Garrett & Yelland, 

2011). As was shown both in Studies 2 and 3, poorer temporal processing was not only associated 

with ADHD but was also an important determinant (and in the case of Study 3, the most important 

determinant) of poor emotion regulation. These findings lend support to the notion that timing deficits 

are a cognitive endophenotype for ADHD (Bidwell, Willcutt, DeFries & Pennington, 2007; Coghill, 
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Toplak, Rhodes & Adamo, 2018) and should be assessed in individuals presenting with suspected 

ADHD or who have ADHD but require appropriate interventions.  

There are no agreed upon tests of time perception within clinical settings thus underscoring the 

need for future research to develop one that is psychometrically assessed to be reliable and valid. 

Integrating the concept of time within the clinical context is crucial. As argued by Ptácek and 

colleagues (2019), time perception is closely linked with executive functioning in real life. For 

instance, the ability to engage in purposeful, future-oriented problem-solving behavior typically 

occurs within limited timeframes. Hence, deficient perception of time can interfere with behavioral 

planning and organization. Remedies may for such dysfunctions may include the use of calendars, 

setting short-term goals as steppingstones to reach a longer-term goal, etc. In addition, results from 

the current research program raise the possibility that problematic temporal processing may clarify 

why emotional impulsivity and poor self-regulation occur in emotionally evocative contexts. Hence, 

this underscores the functional consequences of time perception and bring light to the negative 

outcomes of this domain on ADHD-related symptomology. As such, having an understanding of 

timing deficits in ADHD can help clinicians obtain a clearer picture of an individual’s everyday life as 

well as of their internal emotional processes. Hence, issues with time should be integrated within 

clinical assessments of ADHD to assess for severity of ADHD symptoms and to understand how 

treatment regimens can be adapted to help tackle those issues with timing (Ptácek et al., 2019).  

5.5.2. Treatment Considerations.  

It is not only important to differentiate features that are intrinsic to ADHD, but it is also 

important to consider the extent to which associated features of adult ADHD, including ED, are 

amenable to therapeutic interventions. In light of the serious ramifications of ED on areas of 

functioning, there has been evolving interest in identifying appropriate treatments that target this 

symptom domain. So far, there is strong evidence that emotional difficulties in adults with ADHD 
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respond favorably to psychopharmological treatments used to treat the core symptoms of ADHD (see 

review in Retz et al., 2012). More recently, across nine double-blind randomized controlled trials 

(RCTs), stimulants and atomoxetine were found to lead to improvement of moderate effect size in ED 

(Moukhtarian, Cooper, Vassos, Moran & Asherson (2017). Similar results were found in another 

meta-analysis and systematic review of double-blind RCTs examining the efficacy of the most widely 

prescribed medications for ADHD (methylphenidate, atomoxetine and lisdexamphetamine) (Lenzi, 

Cortese, Harris & Masi, 2018). Results revealed active compounds in those types of medications were 

more efficacious in reducing the severity of ED than placebo (Lenzi et al., 2018). Nonetheless, such 

treatments carry limitations including poor responsiveness in some individuals, insufficient remission 

in some individuals and poorly tolerated side effects (Wilens, Spencer & Biederman, 2002). Hence, 

alternative, non-pharmacological treatment avenues are currently being investigated.  

Augmenting pharmacological treatment with non-pharmacological treatment options may also 

play a pivotal part in the management of ADHD broadly- a proposition which has been emphasized 

by the NHMRC (2012) guidelines. The bulk of the evidence supports the superiority of multi-pronged 

approaches emphasizing pharmacotherapy as well as psychotherapeutic and/or behavioral approaches 

to target the cardinal symptoms of ADHD and associated functional outcomes (Philipsen et al., 2015; 

Safren et al., 2010). Treatment approaches that have employed therapeutic modules in an effort to 

ameliorate emotional problems in adult ADHD is extensively documented elsewhere (e.g., Katzman 

et al., 2017; Retz et al., 2012) and will not be reviewed here. Instead, given the focus on this thesis on 

the neurocognitive underpinnings of ED, the research exploring the effects of training these domains 

are discussed. 

By demonstrating that EFs may indeed contribute to ED, even though only to some extent, 

research such as the one conducted as part of this thesis support the development of cognition-based 

treatment options that target both symptom domains whilst being more cost effective, instill better 
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compliance and reduce unpleasant side effects than pharmacological treatments. In principle, the main 

aim of such treatment is to achieve robust transfer effects across cognitive modalities (Engen & 

Kanske, 2013). For instance, targeting lower-order cognitive processes or individual components of 

EF that are amenable to change, (i.e., attention, working memory, inhibitory control and temporal 

processing), can set in motion a series of improvements in higher-order processes (e.g., planning and 

organization, reasoning, abstract thinking, decision-making, etc.) that must be modified in order to 

improve emotion regulation capabilities. For instance, in a study by Schweizer and colleagues (2013), 

the latter administered a working memory training task on the basis that this cognitive function is 

mediated by a multiple-demand fronto-parietal network which is also implicated in the regulation of 

emotions. This program involved 20 days of participants performing a 20 to 30-min n-back emotional 

working memory task. Post-program neuroimaging revealed enhanced activation of the fronto-parietal 

network during emotional clips in those participants who performed the task during the training 

session than those who did not. At a behavioral level, reductions in emotional reactivity alongside 

improvements in cognitive re-appraisal skills were observed in response to emotional film clips. 

Particular gains were made following tasks with higher levels of difficulty than those of lower 

difficulty suggesting an enhancement in sustained attention (Schweizer et al., 2013).  

Hence, together, these results demonstrate that cognitive change instilled by training programs 

that have the right level of challenge may culminate into improvements in emotion regulation – a 

process which appears to have a neural basis (Schweizer et al., 2013). Critically, given that the fronto-

parietal network’s specific involvement in the monitoring of affective changes and maintenance of 

emotion regulation strategies over time, the findings by Schweizer and colleagues may potentially 

reveal the temporal dynamics of emotion regulation processes. In other words, these results may 

illuminate our understanding of the role of temporal processing in the process of emotion regulation. 

It is not yet clear whether cognitive training would be an intervention for improving emotion 
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regulation in adults with ADHD specifically. In fact, a meta-analysis including 16 randomized-

controlled trials (RCTs) and involving 695 ADHD participants (all children) showed that cognitive 

training has more significant positive effects on ADHD symptoms when data from raters who were 

more proximal to the delivery of the training (Cortese et al., 2015). Those positive effects, however, 

reduced substantially when analyses were limited to trials including active control arms and blinding 

and concealed allocation of participants to treatment conditions (Cortese et al., 2015). Moreover, 

narrow effects of cognitive training were found with working memory training trials only having 

positive effects on working memory but no other neuropsychological domains such as attention and 

inhibition. Nonetheless, it was found that the benefits of cognitive training were stronger when used 

as an adjunctive treatment for neuropsychological impairment and when multi-component approaches 

were used as opposed to single-component approaches (Cortese et al., 2015). Whilst promising, more 

work is needed to confirm the role of cognitive training ameliorating neuropsychological deficits and 

ED in adults with ADHD.  

Another promising line of research has identified mindfulness meditation training as 

particularly well-suited given its proposed mechanism of action is improvement in both executive 

function networks and in emotion regulation skills (Hölzel et al., 2011). Mindfulness meditation 

training entails the practice of adopting a non-judgmental stance with regards to one’s internal 

experiences in the present moment (Kabat-Zinn, 1990). As such, during this type of training, 

executive networks involving attentional control are elicited and it is believed that this is indeed the 

mechanism via which improvements in emotion regulation occur (Sedlmeier et al., 2012). Since 

attentional control may be a mechanism through which mindfulness training exerts its impact on ED, 

and given this cognitive domain is implicated in the core symptoms of ADHD mindfulness training 

may potentially be a useful approach for treating ED in adults with ADHD. Preliminary evidence 

supporting this view has been found with mindfulness-training shown to be efficacious in improving 
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self-reported ADHD symptoms, depression and anxiety symptomology as well as scores on measures 

of attention and inhibitory control (Zylowska, Smalley & Schwartz, 2009). More recently, in a meta-

analysis, it was found that mindfulness meditation does indeed improve symptoms of self and 

informant reported symptoms inattention and hyperactivity/impulsivity (Cairncross & Miller, 2020). 

More importantly, the effect size for the reduction of the symptoms of inattention were stronger for 

adults compared to children suggesting that adults may benefit more from this type of intervention 

(Cairncross et al., 2020). It is possible that these improvements in attention may lead to improvements 

in ED (Mitchell et al., 2013). Support for this idea comes from a study by Mitchell and colleagues 

(2013) who found that over time, larger improvements occurred in both self-reported measures of EF 

and ED in adults with ADHD receiving mindfulness training compared to waitlist participants.  

The author is aware of no research exploring the effects of treating time perception with 

the aim of improving ED. However, as mentioned earlier, ED seems to respond favorably to ADHD 

medication. Furthermore, there is some evidence that medication used to treat ADHD has a corrective 

effect on timing deficits given their close association and the role of dopamine on both symptom 

domains (e.g., Rubia, Halari, Christakou & Taylor, 2009). This type of research has mostly involved 

children and as summarized in a review by Noreika and colleagues (2013) and results are inconsistent. 

For instance, the normalizing effects of mephylphenidate have been shown to be task-dependent, with 

improvements made on tasks involving motor synchronization and rhythmic tapping (e.g., Ben-Pazi, 

Shalev, Gross-Tsur & Bergman, 2006; Rubia, Noorloos, Smith, Gunning & Sergeant, 2003) temporal 

anticipation (Rubia et al., 2003) and delay discounting (Shiels et al., 2009). Conversely, stimulant 

medication has not been found to benefit the performance of ADHD probands on time reproduction 

tasks (e.g., Barkley, Koplowitz, Anderson & McMurray, 1997; Marx et al., 2017). However, this 

research does not extend to adults with ADHD. It is important to investigate possible avenues of 

treatment for timing deficits that can be seen on time reproduction tasks as this would increase 
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confidence that this cognitive endophenotype of ADHD is amenable to treatment. Other non-

pharmacological treatment avenues should also be explored. One example is neurofeedback training. 

Neurofeedback is a neuromodulation technique relying on a brain-computer interface. This 

technique entails the measurement of selected brain wave activity and the feedback of signals to the 

user in real-time (Enriquez-Geppert, Smit, Pimenta & Arns, 2019). Neurofeedback is based on 

principles of operant conditioning and procedural skills learning and as such the individual is taught 

to manipulate their brain wave activity by being reinforced for achieving a desired level of activity 

(see more comprehensive description in Enriquez-Geppert, et al., 2019). Given that this technique 

maximizes neuroplasticity, it is now becoming more widely used as a therapeutic tool to normalize 

deviations in brain activity and treat neurocognitive deficits.  

The use of neurofeedback has received growing interest as a treatment modality for ADHD, 

though meta-analyses have so far failed to reach a consensus as to its efficacy (Arns, de Ridder, 

Strehl, Breteler, & Coenen, 2009; Arns, Heinrich, Ros, Rothenberger & Strehl, 2015; Cortese et al., 

2016; Lofthouse, Arnold, Hersch, Hurt & DeBeus, 2012; Micoulaud-Franchi et al., 2014; Sonuga-

Barke et al., 2013). For instance, some have shown suggesting that it produces substantial 

improvements in core symptoms (with medium to large effect sizes), and perhaps even more on 

inattention (Arns et al., 2009; Micoulaud-Franchi et al., 2014). Others such as Cortese and colleagues 

(2016), however, have found evidence for the opposite (i.e., no effect of NF on ADHD symptoms). 

For instance, in a meta-analysis of 13 RCTs, Cortese and colleagues found mixed results with parental 

ratings indicating a positive effect of neurofeedback training on ADHD symptoms whilst teacher 

ratings indicating no such impairments. However, this meta-analysis comprised a number of 

limitations including that the parents included as part of the studies were not blind to the treatment of 

their child and were largely in favor of neurofeedback, thus potentially biasing the results (Cortese et 

al., 2016). Others have also criticized this meta-analysis for considering studies that have employed 
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an uncommon behavioral scale for the teachers’ assessment as well as the inclusion of pilot research 

(Micoulaud-Franchi, Salvo, Bioulac & Fovet, 2016). A more recent meta-analysis aiming to address 

these limitations demonstrated improvements in ADHD core symptoms particularly following more 

intense sessions delivered over shorter periods of treatment (Bussalb et al., 2019). This research is 

biased towards pediatric samples and therefore may not be generalizable to adults. Nonetheless, in 

one study of 142 adults with ADHD, neurofeedback training administered over 20 or more session 

was found to improve attentional deficits, impulsive behaviour and response time variability (Kaiser, 

1997). Promisingly, these improvements occurred in individuals who had throughout the course of 

their lives, undergone various types of treatments, including stimulant medication, but with no 

success. This particular study indicated that neurofeedback training may be a robust intervention and 

this its effects on time perception and ED in ADHD should be investigated.  

Indeed, there is also some preliminary evidence of neurofeedback as a technique used to 

improve emotion regulation particularly when embedded in realistic virtual reality applications 

(Cavazza et al., 2014). Given the links found between ADHD, time perception and deficient emotion 

regulation in this PhD program, it is possible that rectification of symptoms in the former two 

domains can instigate changes in symptoms of ED – an interesting proposition for future research.  

5.6. Limitations and Directions for Future Research  

5.6.1. The Measure of Emotion Dysregulation.  

The DERS was devised based on models of cognitive behavioral therapy which emphasize 

that intact emotion regulation abilities are reflected in an individual’s ability to engage in adaptive, 

goal-directed behavior even when facing negative affect or strong emotional experiences (Hallion, 

Steinman, Tolin & Diefenbach, 2018). As such, emotional disturbance is deemed to occur as a result 

of experiential avoidance or in other words, as a result of maladaptive efforts to circumvent emotional 

experiences (usually negative ones). From this perspective, the regulation of emotions is static and 
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trait-based rather than affective-based (Hallion et al., 2018; Shaw et al., 2014). Nonetheless, whilst 

ED may to some extent be a dimensional trait with underlying genetic risks in the context of ADHD 

(Nigg et al., 2019; Shaw et al., 2014), narrower conceptualizations of emotion regulation emphasise 

that it is a dynamic process (e.g., Gross, 1998; 2002). Furthermore, the DERS does not provide 

clarification about the specific strategies used. Hence, for more fine-grained observations of the 

multiple mechanisms that interact in the process of modulating emotions, other measures of emotion 

regulation should be used in research on ADHD. To complement more trait-based measures of 

emotion regulation, others that reflect the process model should also be considered given their 

emphasis on the temporal nature of emotion regulation (Gross, 2002). Moreover, measures that (a) 

quantify the level of emotional reactivity, (b) facilitate a more detailed investigation of the specific 

emotion regulation strategies recruited by ADHD probands and (c) identify problems recruiting 

emotion regulation strategies can further specify how individuals with ADHD differ from controls and 

individuals with other types of psychopathology also marked by ED (Thorell et al., 2020).   

Whilst using a broad range of self-report measures of ED such as the DERS may have several 

benefits in research (and clinical) settings, including that they are generally of low cost, time efficient 

and provide a more nuanced understanding of emotion regulation in individuals with ADHD, they 

also carry several disadvantages. Self-report measures are generally vulnerable to important biases 

such as social desirability, misunderstanding of items, defective self-awareness and/or psychological 

mindedness (Visted et al., 2017). A promising avenue for understanding the temporal dynamics of 

emotion regulation is the study of EEG-derived indices of emotion processing and regulation in line 

with Gross’s process model (Gross, 2002). EEG research has been emerging exploring the cognitive 

mechanisms that unfold during the emotion regulatory process and as specific strategies are deployed 

(e.g., Kelley & Hughes, 2019; Pan, Hoid, Wang & Li, 2020; Thiruchselvam, Blechert, Sheppes, 

Rydstorm & Gross, 2011). This type of research is based on the notion that cognition regulation 
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strategies can be differentiated depending on the stage of the emotion-generative process at which 

they have a primary impact. For instance, attentional deployment is presumed to intervene early in the 

emotion regulation process before any elaborative processing of the meaningfulness of the 

emotionally salient stimulus occurs (Gross, 2002). Hence, it follows that distraction (a form of 

attentional deployment) will modify the trajectory of emotion generation before any re-appraisal of 

the emotionally salient situation or stimulus occurs. This pattern has been shown where distraction or 

in other words avoidance of emotionally salient stimuli have produced an earlier late positive 

potential (LPP) in the emotion regulation process compared to cognitive reappraisal which produced 

LPPs later on in the process (Thiruchselvam et al., 2011). Equally interesting is that when images with 

a distraction-history were reintroduced to participants, larger LPPs could be observed in those 

participants compared to others who had previously re-appraised or simply attended to those images. 

This showed that distraction curtails any evaluative processing of the affective components of stimuli, 

rendering them more novel and more arousing upon re-exposure (Thiruchselvam et al., 2011). In 

contrast, whilst cognitive re-appraisal may have a later locus of impact on emotion regulation, it still 

facilitates elaborative processing which has cumulative benefits on later processing of emotional 

information.  

ADHD probands have been shown to potentially adopt an avoidant style of coping with 

emotionally evocative situations and as reviewed earlier, they endorse more frequent use of 

distraction as a regulatory strategy compared to other strategies (Bodalski et al., 2018). Distraction in 

ADHD may reflect attentional difficulties and the relative absence of cognitive reappraisal may reflect 

poor inhibitory control and working memory (Schmeichel et al., 2009). There is also some evidence 

that ADHD probands also use suppression to a greater extent than controls (Thorell et al., 2020). 

Suppression is a strategy which occurs late in the emotion regulation process and is deemed more 

maladaptive than other techniques given that it requires much effort to dampen full-blown emotional 
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reactions (Gross, 2002). Suppression is associated with negative outcomes (e.g., Patel & Patel, 2019). 

Further research using EEG in conjunction with realistic emotional images or film clips may help 

better understand how ADHD participants’ recruit different cognitive-based strategies (e.g., attention, 

working memory and inhibitory control) in the process of regulating their emotions in dynamic, real-

world settings. Equally important, use of EEG techniques may enhance understanding of how 

intrinsic deficits with temporal processing in ADHD map onto the specific emotion regulation 

strategies used by ADHD probands.  

5.6.2. Time Perception Task 

As part of this PhD, time reproduction was our measure of temporal processing given that it 

has yielded consistent results with regards to timing deficits in ADHD (Noreika et al., 2013; Marx et 

al., 2017; Barkley & Fischer, 2017). However, two important limitations of our time reproduction task 

can be noted; firstly the randomization of each trial and secondly, the neutrality of the chosen stimuli. 

To recap, our reproduction task comprised six to-be-reproduced durations (2, 6, 12, 24, 36 and 48s) 

presented in two successive blocks. These intervals were randomized within each block but they were 

not uniquely randomized for each participant. Consequently, it is plausible that the performance 

indices on the time reproduction task (i.e., AD and AC) may have been biased by order effects, and 

more specifically carryover effects. In particular, carryover effects in the context of the current 

research program refers to the possibility that participants’ responding on the first block of durations 

may have influenced how they responded on the subsequent block of durations. Given the within-

subject design of our research, such carryover effects have the potential to impact on the internal 

validity of the research, or in other words, to observe a real causal relationship between ADHD 

symptoms and timing deficits. Unfortunately, such impacts on internal validity could partly explain 

why ADHD symptom severity was only related to some durations and weakly. Hence, it is also 



CHAPTER 5: GENERAL DISCUSSION 
 

251 
 

possible the estimates of the magnitude of timing deficits in the ADHD group compared to controls 

may have also been impacted.  

Taking these issues into consideration the extent to which participants may have remembered 

the order of presentation from the previous block is also unclear. Notably though, there were no clear 

breaks between each block of durations which could have led participants to guess the order of 

presentation of intervals to come in the second block based on the first. Furthermore, as there were 

only two blocks of durations, this may have minimized the chances of participants memorizing the 

sequence of intervals which had no clear patterns (i.e., long, short and medium duration intervals were 

all mixed). Hence, it is still possible that the reproductions within the second block were independent 

to the reproductions of the first.  

Another limitation that is pertinent to our time reproduction task relates to the type of stimuli 

used. Neutrally-valenced visual shapes in the form of squares were presented during this task at the 

various durations noted earlier. This is consistent with previous research methodology that has also 

examined time perception in ADHD (e.g., Barkley, 2001; Marx et al., 2010; 2017; Rubia et al., 2009; 

Valko et al., 2010). Furthermore, we aimed to determine group differences in intrinsic timing abilities 

that underlie the differences in daily behaviour. Whilst we may have obtained some preliminary 

understanding of how timing relates to other variables in our study, more particularly ED, it may be 

important in the future to employ temporal stimuli that can capture context-dependent variations in 

time perception as these may more closely replicate processing of time in real-life situations (Nazari 

et al. 2018). A recent research study by Nazari and colleague (2018) who investigated the ability of 

their participants (including both ADHD participants and controls) to discriminate between stimuli of 

varying durations. In this particular study, the researchers presented a series of pictures comprising 

complex spatial and semantic features as well as being emotionally charged. Unexpectedly, ADHD 

participants displayed better sensitivity to the differences in durations than controls. It appeared that in 
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this study, the additional requirement to process non-temporal features of stimuli alongside the 

temporal features might have created an interference effect (Nazari et al., 2018). Given their general 

poorer working memory and attentional capabilities, ADHD participants might have had difficulties 

maintaining focus on and processing the non-temporal (and emotional) aspects of the stimuli. As a 

result, they may have preferentially processed the temporal dimensions of the stimuli, thus explaining 

their superior performance on the timing task. On the other hand, controls may have been able to 

more effectively divide their attentional resources between the temporal and non-temporal aspects of 

the stimuli but at a cost to accuracy in performance on the time perception task (Nazari et al., 2018). 

Indeed, existing research in non-clinical population demonstrates that emotions modulate time 

perception such that temporal distortions occur in emotionally-evocative situations (e.g., Droit-Volet 

et al., 2011).  

The research findings by Nazari and colleagues (2018) imply that it is not poor judgement of 

time that may lead to ED in emotion-inducing contexts in individuals with ADHD, but rather an 

improved processing of improved time perception abilities. This proposition needs further 

investigation in studies that relate the performance of adults with ADHD on and dual-task time 

perception paradigms to their performance on measures of executive control (e.g., inhibition, attention 

and working memory). A further extension to this research may include electrophysiological (e.g., 

EEG) and neuroimaging research directly examining the interaction of neural circuits involved in 

executive control and time perception whilst having ADHD participants process and respond to 

emotionally evocative events (e.g., scenarios, film clips or pictures).  

5.6.3. The Use of the CPT-3 as a Measure of Attention and Inhibitory Control. 

The CPT-3 is considered a gold standard measure which is frequently used in both research 

and clinical contexts for the assessment of different aspects of attention (Roebuck, Freigang & Barry, 

2016). It was used in the current study given that it is of sufficient length to capture variations in 
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sustained attention (Maoz, Aviram, Nitzan, Segev & Bloch, 2015), has demonstrated sensitivity to 

attentional deficits caused by neurological and psychiatric conditions including ADHD (Huang-

Pollock, Karalunas, Tam & Moore, 2012; Riccio & Reynolds, 2005) and permits the observation of 

difficulties with withholding responses which is not only a different facet of poor attentional control 

but also denotes impulsive behavior (Riccio & Reynolds, 2005). Therefore, since the CPT-3 measure 

indexes both deficiencies in domains of attention and in inhibitory control, it was deemed a useful 

tool that would also help to minimize test administration times. Reducing testing time were indeed a 

primary consideration when designing this research program given the well-documented deficits that 

individuals have with the processing of time as well as their difficulties with maintaining motivation 

over extended periods of time (Ptácek et al., 2019).  

Nevertheless, the CPT-3 carries important limitations. Firstly, there have been concerns 

regarding the ecological validity of the CPT given that they are administered in a distraction-free 

environment (Berger et al., 2019). Indeed, the attentional difficulties that are experienced by ADHD 

probands in daily life stem from a constant flow of external, irrelevant stimuli that need to be ignored 

or filtered to allow for adaptive functioning to occur. Clearly then, the CPT paradigm and its lack of 

external interfering stimuli may fail to capture the real cognitive difficulties that lead the daily 

struggles of ADHD probands. It is, however, important to acknowledge the opposing side to this 

argument which purports that individuals with ADHD are more likely to perform poorly on this task 

compared to controls and this despite the absence of distracting stimuli. Hence, some argue that the 

fact that it is sensitive to psychopathology despite its relative simplicity may be attest to its utility as a 

measure of attentional problems and poor inhibition.  

A second limitation of the CPT is that its association with ADHD symptomatology is still 

unclear. Firstly, informant reports of ADHD-related symptoms have been shown to have low to 

moderate correlations with the CPT measures (Berger, Slobodin & Cassuto, 2017). Furthermore, there 
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is also evidence that the CPT may detect attentional anomalies that are not associated with ADHD but 

instead that denote other disorders such as schizophrenia (e.g., Nuechterlein et al., 2015) and dyslexia 

(Miranda et al., 2012), traumatic brain injury, Parkinson’s disease, amongst others (as described in 

Riccio & Reynolds, 2005). Such observations align with the body of research that has published 

largely varying indices of sensitivity (9% - 88%) and specificity (23% - 100%) for this measure in the 

context of ADHD (see analysis of eight CPT studies by Pan, Ma & Dai, 2007). In light of this, it is 

plausible that the CPT may only be sensitive to some aspects of ADHD but not all. 

5.6.4. Consideration of Other Neurocognitive Domains Potentially Involved in ED. 

The current research examined a small subset of executive control functions, namely working 

memory, attention and inhibitory control on the basis that they are the most consistently impaired in 

ADHD. It is, however, acknowledged that there are additional cognitive functions that are impaired in 

ADHD but have not been measured in the current research program such as cognitive flexibility 

(Kobylinska & Kusev, 2019) and delay aversion (Sjöwall & Thorell, 2019). Cognitive flexibility is 

believed to be implicated in emotion regulation given its potential role in promoting flexible 

adaptation to shifting environmental demands and the identification of alternative regulation strategies 

when one has proven ineffective (Kobylinska & Kusev, 2019). Recently, it was shown that adults with 

ADHD with deficient emotion regulation display poorer mental flexibility than those with better 

emotion regulation skills (Gisbert et al., 2018). However, these findings need to be replicated given 

that the measure of cognitive flexibility used in the latter research involved the Trail Making Test Part 

B. Participants with ADHD have not always found to be impaired on this measure and moreover, it is 

unclear whether poor performance on this measure really reflects poor cognitive flexibility or 

processing speed (Mostert et al., 2017).  

Another important executive function that merits further investigation with regards to deficient 

emotion regulation in adult ADHD is delay aversion. As covered in the Introductory Chapter, this 
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specific cognitive domain has been suggested to represent a pathway of deficits in ADHD (Sonuga-

Barke, 2002). Furthermore, delay aversion represents a hot EF which may interact with cold EFs such 

as those examined in the current research (i.e., inhibition, attention and working memory) in 

emotional contexts. There is so far strong empirical evidence of delay aversion in adults with ADHD 

(e.g., Marx et al., 2010; Mostert et al., 2017) which represents a motivational tendency to eliminate or 

minimize the amount of time between an event and the response to it. Hence, this domain has been 

associated with impulsive responding. Of note, recently, Sjöwall and Thorell (2019) have shown that 

in a non-clinical sample of young adults with varying levels of ADHD symptoms, a self-report 

measure of delay aversion was moderately linked with ED. Clearly, these findings should be extended 

to a clinical population of adults with ADHD and perhaps even using an objective measure of delay 

aversion (e.g., Iowa Gambling Task). Given that delay aversion is a measure of time perception, 

including this domain in further studies examining the neurocognitive correlates of the ED-ADHD 

association could provide a more comprehensive understanding of the impaired temporal processing 

in this association.  

5.6.5. Nature of Sample 

There may have been limitations associated with the study’s sampling methods. To begin with, 

two of the studies (i.e., Studies 1 and 2) conducted as part of this research program were based on 

undergraduate students who were in the emerging adulthood phase of life. A rationale for focusing on 

this demographic of individuals is due to the potential under-recognition of ADHD symptoms in this 

relatively highly performing group of individuals (Garnier-Dykstra et al., 2010; Nugent & Smart, 

2014), evidence showing that ADHD-related symptoms can impede psychological well-being 

(Harrison et al., 2013; Norwalk et al., 2009; Nugent & Smart, 2014; Weyandt & DuPaul, 2006) the 

association of ADHD symptoms with emotional difficulties in this demographic (Green & Rabiner, 

2012; Norvilitis et al., 2008) and the possibility of elucidating the role that ADHD-related 
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neurocognitive endophenotypes may serve in the emergence of ED in individuals with sub-clinical 

levels of ADHD symptoms. However, following Study 1, all students who had completed the CAARS 

were indiscriminately invited to partake in Study 2. The students who signed up for the study within a 

pre-defined time period of 3 months over two separate semesters were then tested as part of this PhD 

research program. It is therefore likely that the students who responded to the invitation may have 

been particularly motivated to complete the study to obtain course credit points. Such self-selected 

sampling may have therefore been biased towards a group of individuals who were particularly 

motivated, cooperative and perhaps even competitive. Given that ADHD is a disorder of motivational 

deficits (Cubillo, et al., 2012), our sample of undergraduate students may not have adequately 

represented those students whose daily lives and functioning are impacted by genuine symptom of 

ADHD (whether diagnosed or non-diagnose) and comparatively poorer cognitive functioning.  

This argument may also be extended to our sample of adults with ADHD in Study 3. Several 

of the adults who were sent an invitation to participate in this research either declined to participate or 

did not attend the testing sessions. Whilst research participation was completely voluntary and these 

individuals could choose to not participate for any given reason, it is still conceivable that some chose 

not to do so due to poor motivation and lower cognitive functioning (including poorer EFs such as 

self-organisation, planning, poor adherence to schedules, etc.). If this were to be true, then our sample 

of adults with ADHD could have been biased towards higher functioning individuals. Indeed, a large 

number of our ADHD participants had only been recently diagnosed with ADHD which could suggest 

that their symptoms had not been impairing enough in the past to necessitate a diagnosis.  

5.7. Conclusion 

To conclude, this thesis aimed to (1) examine the extent to which young adults attending 

university experience symptoms of ADHD and associated problems with psychological well-being 

and (2) investigate the role of neurocognitive factors in the relationship between ADHD and ED. 
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Research conducted demonstrated that ADHD symptoms are common in undergraduate populations 

and may contribute towards symptoms of depression, anxiety, distress and social difficulties. 

Secondly, an important finding of this thesis was that those undergraduates who reported higher 

ADHD-related symptoms were also more likely to experience serious problems with regulating their 

emotions, just as found in diagnosed adults. Importantly, poorer working memory and temporal 

processing were found to interact with ADHD symptoms and contribute towards symptoms of 

deficient emotion regulation. A third important finding was that a suite of neurocognitive domains 

was found to predict poor emotion regulation in adults with ADHD, above and beyond their diagnosis 

itself and the presence of any other comorbidities. Hence, neurocognitive functioning may represent 

an added risk factor for the development of ED in adults with ADHD. Whilst the unique contributions 

of the selected neurocognitive factors were modest, this thesis has laid the foundations for future 

research in this area by demonstrating that a specific subset of executive control functions and time 

perception may be important domains to consider and explore further.   



CHAPTER 5: GENERAL DISCUSSION 
 

258 
 

5.8 References 

Allman, M. J. & Meck, W. H. (2012). Pathophysiological distortions in time perception and timed 

performance. A Journal of Neurology, 135(3), 656 – 677.  

Alperin, B. R., Gustafsson, H., Smith, C., & Karalunas, S. L. (2017). The relationship between early 

and late event-related potentials and temperament in adolescents with and without ADHD. 

PLoS ONE, 12(7), e0180627. 

Arns, M., de Ridder, S., Strehl, U., Breteler, M., & Coenen, A. (2009). Efficacy of neurofeedback 

treatment in ADHD: the effects of inattention, impulsivity and hyperactivity: a meta-analysis. 

Clinical EEG and Neuroscience, 40(3), 180 – 189.  

Arns, M., Heinrich, H., Ros, T., Rothenberger, A., & Strehl, U. (2015). Neurofeedback in ADHD. 

Frontiers in Human Neuroscience, 9(602), 1 – 3. Doi: 10.3389/fnhum.2015.00602. 

Baddeley, A. (1992). Working memory. Science, 255, 556 – 559. Doi: 10.1126/science.1736359. 

Baddeley, A. (2012). Working memory: theories, models and controversies, 63, 1 – 29. Retrieved 

from https://doi.org/10.1146/annurev-psych-120710-100422. 

Barkley, R. A. (1997). Behavioural inhibition, sustained attention, and executive functions: 

constructing a unifying theory of ADHD. Psychological Bulletin, 121, 65 – 94. Doi: 

10.1037/0033-2909.121.1.65.  

Barkley, R. (1997). Attention-deficit/hyperactivity disorder, self-regulation, and time: toward a more 

comprehensive theory. Journal of Developmental & Behavioural Pediatrics, 18(4), 271 – 279. 

Retrieved from https://insights.ovid.com/developmental-behavioral-pediatrics/ 

Barkley, R.A., Koplowitz, S., Anderson, T., & McMurray, M.B. (1997). Sense of time in children with 

ADHD: effects of duration, distraction, and stimulant medication. Journal of International 

Neuropsychological Society, 3(4):359-369. Retrieved from 

https://pubmed.ncbi.nlm.nih.gov/9260445/ 



CHAPTER 5: GENERAL DISCUSSION 
 

259 
 

Barkley, R. A., & Brown, T. E. (2008). Unrecognised attention-deficit/hyperactivity disorder  

in adults presenting with other psychiatric disorders. CNS Spectrums, 13(11), 977 – 984. 

Retrieved from https://www.cambridge.org/core/journals  

Barkley, R. A. (2010). Deficient emotional self-regulation: a core component of attention-

deficit/hyperactivity disorder. Journal of ADHD & Related Disorders, 1, 5–37. 

Beheshti, A., Chavanon, M., & Christiansen, H. (2020). Emotion dysregulation in adults with 

attention deficit hyperactivity disorder: a meta-analysis. BMC Psychiatry, 20(120), 1 – 11. 

Retrieved from https://doi.org/10.1186/s12888-020-2442-7.  

Ben-Pazi, H., Shalev, R. S., Gross-Tsur, V., & Bergman, H. (2006). Age and medication effects on 

rhythmic responses in ADHD: possible oscillatory mechanisms? Neuropsychologia, 44, 412 – 

416. Doi: 10.1016/j.neuropsychologia.2005.05.022 

Berger, I., Slobodin, O., & Cassuto, H. (2017). Usefulness and validity of continuous performance 

tests in the diagnosis of attention-deficit hyperactivity disorder children. Archives of Clinical 

Neuropsychology, 32, 81 – 93.  

Bidwell, L. C., Willcutt, E. G., DeFries, J. C., & Pennington, B. F. (2007). Testing for 

neuropsychological endophenotypes in siblings discordant for attention-deficit/hyperactivity 

disorder. Biological Psychiatry, 62(9), 991–998. Retrieved from 

https://psycnet.apa.org/record/2007-15774-014 

Blume, F., Kuehnhausen, J., Reinelt, T., Wirth, A., Rauch, W. A., Schwenk, C… & Gawrilow, C. 

(2019). The interplay of delay aversion, timing skills, and impulsivity in children experiencing 

attention-deficit/hyperactivity disorder (ADHD) symptoms. ADHD Attention Deficit and 

Hyperactivity Disorders, 11, 383 – 393. https://link.springer.com/article/10.1007/s12402-019-

00298-4 



CHAPTER 5: GENERAL DISCUSSION 
 

260 
 

Bodalski, E. A., Knouse, L. E., & Kovalev, D. (2018). Adult ADHD, emotion dysregulation and 

functional outcomes: examining the role of emotion regulation strategies. Journal of 

Psychopathology and Behavioural Assessment, 41, 81 – 92. Retrieved from 

https://link.springer.com/article/10.1007/s10862-018-9695-1 

Boonstra, A. M., Oosterlaan, J., Sergeant, J. A., & Buitelaar, J. K. (2005). Executive functioning in 

adult ADHD: a meta-analytic review. Psychological Medicine, 35, 1097 – 1108. Doi: 

10.1017/S003329170500499X. 

Brod, M., Schmitt, E., Goodwin, M., Hodgkins, P., & Niebler, G. (2012). ADHD burden of illness in 

older adults: a life course perspective. Quality of Life Research, 21, 795 – 799. Doi: 

https://link.springer.com/article/10.1007/s11136-011-9981-9  

Brookes, K., Xu, X., Chen, W., Zhou, K., Neale, B., Lowe, N., Anney, R…. & Asherson, P. (2006). 

The analysis of 51 genes in DSM-IV combined type attention deficit hyperactivity disorder: 

association signals in DRD4, DAT1, and 16 other genes. Molecular Psychiatry, 11(10), 934 – 

953. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/16894395 

Brown, S. W. (2006). Timing and executive function: bidirectional interference between concurrent 

temporal production and randomisation tasks. Memory & Cognition, 34, 1464 – 1471. 

Retrieved from https://link.springer.com/article/10.3758/BF03195911 

Bussalb, A., Congedo, M., Barthelemy, Q., Ojeda, D., Acquaviva, E., Delorme, R., & Mayaud, L. 

(2019). Clinical and experimental factors influencing the efficacy of neurofeedback in ADHD: 

a meta-analysis. Frontiers in Psychiatry, 10(35), 1 – 15. Doi: 10.3389/fpsyt.2019.00035. 

Cairncorss, M., & Miller, C. J. (2020). The effectiveness of mindfulness-based therapies for ADHD: a 

meta-analytic review. Journal of Attention Disorders, 24(5), 627 – 643. Doi: 

10.1177/1087054715625301 



CHAPTER 5: GENERAL DISCUSSION 
 

261 
 

Castellanos, F. X., Sonuga-Barke, E. J. S., Milham, M. P., & Tannock, R. (2006). Characterizing 

cognition in ADHD: beyond executive dysfunction. Trends in Cognitive Sciences, 10(3), 117 – 

123. Retrieved from https://www.sciencedirect.com/science/article/pii/S136466130600028 

Cavazza, M., Charles, F., Aranyi, G., Porteous J., Gilroy, S. W., Raz, G., Keynan, J. N…. & Hendler, 

T. (2014). Towards emotion regulation through neurofeedback. In Proceedings of 5th 

Augmented Human International Conference (ed. Terada, T. 1 – 8). Retrieved from 

https://doi.org/10.1145/2582051.2582093 

Christiansen, H., Hirsch, O., Albrecht, B., & Chavanon, M. (2019). Attention-deficit/hyperactivity 

disorder (ADHD) and emotion regulation over the life span. Current Psychiatry Reports, 

21(17), 2 – 11. Doi: 10.1007/s11920-019-1003-6 

Conners, K. C., Erhardt, D., & Sparrow, E. (1999). CAARS Adult ADHD Rating Scales. Toronto, 

Ontario, Canada: Multi-Health Systems. 

Cortese, S., Ferrin, M., Brandeis, D., Buitelaar, J., Daley, D., Dittmann, R. W., Holtmann, M., 

Santosh, P., Stevenson, J., Stringaris, A., Zuddas, A., Sonuga-Barke, E. J., & European ADHD 

Guidelines Group (EAGG) (2015). Cognitive training for attention-deficit/hyperactivity 

disorder: meta-analysis of clinical and neuropsychological outcomes from randomized 

controlled trials. Journal of the American Academy of Child and Adolescent Psychiatry, 54(3), 

164–174. https://doi.org/10.1016/j.jaac.2014.12.010 

Cortese, S., Ferrin, M., Brandeis, D., Holtmann, M., Aggensteiner, P., Daley, D…. Sonuga-Barke, E. 

J. S. (2016). Neurofeedback for attention-deficit/hyperactivity disorder: meta-analysis of 

clinical and neuropsychological outcomes from randomised controlled trials. Journal of the 

American Academy of Child and Adolescent Psychiatry, 55(6), 444 – 455.  

Coutinho, T. V., Reis, S. P. S., da Silva, A. G., Miranda, D. M., & Malloy-Diniz, L. F. (2018). 

Deficits in response inhibition in patients with attention-deficits/hyperactivity disorder: the 



CHAPTER 5: GENERAL DISCUSSION 
 

262 
 

impaired self-protection system hypothesis. Frontiers in Psychiatry, 299(8), 1 – 11. Doi: 

10.3389/fpsyt.2017.00299 

Cubillo, A. Halari, R., Giampietro, V., Taylor, E. & Rubia, K. (2011). Fronto-striatal underactivation 

during interference inhibition and attention allocation in grown up children with attention 

deficit/hyperactivity disorder and persistent symptoms. Psychiatry Research: Neuroimaging, 

193(30), 17 – 27. https://www.sciencedirect.com/science/article/pii/S0925492710004361 

Cubillo, A. Halari, R., Smith, A., Taylor, E. & Rubia, K. (2012). A review of fronto-striatal and fronto-

cortical brain abnormalities in children and adults with attention deficit hyperactivity disorder 

(ADHD) and new evidence for dysfunction in adults with ADHD during motivation and 

attention. Cortex, 48, 194 – 215. Retrieved from https://doi.org/10.1016/j.cortex.2011.04.007.  

Dennis, R. A., & Solomon, B. (2010). Frontal EEG and emotion regulation: electrocortical activity in 

response to emotional film clips is associated with reduced mood induction and attention 

interference effects. Biological Psychology, 85(3), 456 – 464. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0301051110002553 

Droit-Volet, S., & Gil, S. (2009). The time-emotion paradox. Philosophical transactions of the Royal 

Society of London. Series B, Biological sciences, 364(1525), 1943–1953. Retrieved from 

https://doi.org/10.1098/rstb.2009.0013 

Droit-Volet, S., & Fayolle, S. L., & Gil, S. (2011). Emotion and time perception: effects of film-

induced mood. Frontiers of Integrated Neuroscience, 33(5), 1 – 9. Doi: 

10.3389/fnint.2011.00033/ 

Engen, H., & Kanske, P. (2013). How working memory training improves emotion regulation: neural 

efficiency, effort and transfer effects. Journal of Neuroscience, 33(30), 12152 – 12153. Doi: 

10.1523/JNEUROSCI.2115-13.2013. 



CHAPTER 5: GENERAL DISCUSSION 
 

263 
 

Enriquez-Geppert, S., Smit, D., Pimenta, M. G., & Arns, M. (2019). Neurofeedback as a treatment 

intervention in ADHD: current evidence and practice. Current Psychiatry Reports, 21(6), 46. 

Retrieved from https://doi.org/10.1007/s11920-019-1021-4 

Faraone, S. V., Rostain, A. L., Blader, J., Busch, B., Childress, A. C., Connor, D. F., & Newcorn, J. 

H. (2019). Practitioner review: emotional dysregulation in attention-deficit/hyperactivity 

disorder – implications for clinical recognition and intervention. The Journal of Child 

Psychology and Psychiatry, 60(2), 133 – 150. Doi: 10.1111/jcpp.12899. 

Fayolle, S.L., Droit-Volet S. (2014). Time perception and dynamics of facial expressions of emotions. 

PLoS ONE 9(5): e97944.Retrieved from https://doi.org/10.1371/journal.pone.0097944. 

Franke, B., Michelini, G., Asherson, P., Banaschewski, T., Bilbow, A., Buitelaar, J. K… Reif, A. 

(2018). Live fast, die young? A review on the developmental trajectories of ADHD across the 

lifespan. European Neuropsychopharmacology, 28, 1059 – 1088. Doi: 

10.1016/j.euroneuro.2018.08.001. 

Funahashi, S. (2001). Neuronal mechanisms of executive control by the prefrontal cortex. 

Neuroscience Research, 39(2), 147 – 165. Doi: 10.1016/S0168-0102(00)00224-8 

Garnier-Dykstra, L. M., Pinchevsky, G. M., Caldeira, K. M., Vincent, K. B., & Arria, A. M. (2010). 

Self-reported adult attention-deficit/hyperactivity disorder symptoms among college students. 

Journal of American College Health, 59(2), 133 – 136. Doi: 10.1080/07448481.2010.483718. 

Gau, S. S., & Shang, C. (2010). Executive functions as endophenotypes in ADHD: evidence from the 

Cambridge Neuropsychological Test Battery (CANTAB). The Journal of Child Psychology 

and Psychiatry, 51(7), 838 – 849. Doi: 10.1111/j.1469-7610.2010.02215.x. 

Gibbon, J., Church, R. M., & Meck, W. H. (1984). Scalar timing in memory. Annals of the New York 

Academy of Sciences, 423, 52- 77. Doi: 10.1111/j.1749-6632.1984.tb23417.x 



CHAPTER 5: GENERAL DISCUSSION 
 

264 
 

Goldin, P. R., McRae, K., Ramel, W., & Gross, J. J. (2008). The neural bases of emotion regulation: 

reappraisal and suppression of negative emotion. Biological Psychiatry, 63(6), 577 – 586. 

Gray, S., Green, S., Alt, M., Hogan, T. P., Kuo, T., Brinkley, S., & Cowan, S. (2017). The structure of 

working memory in young children and its relation to intelligence. Journal of Memory and 

Language, 92, 183 – 201. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5157932/ 

Gross, J. J. (1998). The emerging field of emotion regulation: an integrative review. Review of 

 General Psychology, 2(3), 271 – 299. Retrieved from http://psycnet.apa.org/record/1998-

10496-003. 

Gross, J. J. (2002). Emotion regulation: affective, cognitive and social consequences. 

Psychophysiology, 39(3), 281 – 291. Doi: 10.1017/S0048577201393198.  

Gu, C., Liu, Z., Tannock, R., & Woltering, S. (2018). Neural processing of working memory in adults 

with ADHD in a visuospatial change detection task with distractors. PeerJ, 6, e5601. Doi: 

10.7717/peerj.5601. 

Hallion, L. S., Steinman, S. A., Tolin, D. F., & Diefenbach, G. J. (2018). Psychometric properties of 

the Difficulties in Emotion Regulation Scale (DERS) and its short form in adults with 

emotional disorders. Frontiers in Psychology, 9, 539 – 549. Doi: 10.3389/fpsyg.2018.00539 

Harrison, A. G., Alexander, S. J., & Armstrong, I. T. (2013). Higher reported levels of depression, 

stress, and anxiety are associated with increased endorsement of ADHD symptoms by 

postsecondary students. Canadian Journal of School Psychology, 28, 243-260. 

doi:10.1177/0829573513480616 

Herbert, C. & Sütterlin, S. (2012). Do not respond! Doing the think/no-think and go/no-go tasks 

concurrently leads to memory impairment of unpleasant items during later recall. Frontiers of 

Psychology, 3(269), 1 – 6.  



CHAPTER 5: GENERAL DISCUSSION 
 

265 
 

Hölzel, B. K., Lazar, S. W., Gard, T., Schuman-Oliver, Z., Vago, D. R., & Ott, U. (2011). How does 

mindfulness meditation work? Proposing mechanisms of action from a conceptual and neural 

perspective. Perspectives on Psychological Science, 6(6), 537 – 559.  

Hoffmann, W., Schmeichel, B. J., & Baddeley, A. D. (2012). Executive functions and self-regulation. 

Trends in Cognitive Sciences, 16(3), 174 – 180. Doi: 10.1016/j.tics.2012.01.006. 

Huang-Pollock, C. L., Karalunas, S. L., Tam, H., & Moore, A. N. (2012). Evaluating vigilance 

deficits in ADHD: a meta-analysis of CPT performance. Journal of Abnormal Psychology, 

121(2), 360–371. Retrieved from https://doi.org/10.1037/a0027205 

Hwang-Gu, S. , & Gu, S. (2015). Interval timing deficits assessed by time reproduction dual tasks as 

cognitive endophenotypes for attention-deficit/hyperactivity disorder, PLOSOne, 10(5), 1 - 

16. Doi: 10.1371/fjournal.pone.0127157.  

Hulvershorn, L. A., Mennes, M., Castellanos, F. X., Di Martino, A., Milham, M. P., Hummer, T. A., 

& Roy, A. K. (2014). Abnormal amygdala functional connectivity associated with emotional 

lability in children with attention-deficit/hyperactivity disorder. Journal of the American 

Academy of Child and Adolescent Psychiatry, 53(3), 351–61.e1. Retrieved from 

https://doi.org/10.1016/j.jaac.2013.11.012 

Hsu, C. F., Eastwood, J. D., & Toplak, M. E. (2017). Differences in perceived mental required and 

discomfort during a working memory task between individuals at-risk and not at-risk for 

ADHD. Frontiers in Psychology, 8, 407. Retrieved from 

https://doi.org/10.3389/fpsyg.2017.00407 

Kabat-Zinn J. (1990). Full catastrophe living: Using the wisdom of your body and mind to face stress, 

pain, and illness. New York: Dell Publishing; 

Kaiser, D. A., (1997). Efficacy of neurofeedback in adults with attentional deficits and related 

disorders. EEG Spectrum Inc. Retrieved from 



CHAPTER 5: GENERAL DISCUSSION 
 

266 
 

http://ondemand.m.eeginfo.com/research/articles/EfficacyNeurofeedback-Kaiser.pdf 

Karalunas, S. L., Weigard, A., & Alperin, B. (2020). Emotion-cognition interactions in attention-

deficit/hyperactivity disorder: increased early attention capture and weakened attentional control in 

emotional contexts. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 5(5), 520 – 

529. Retrieved from https://www.sciencedirect.com/science/article/abs/pii/S2451902220300185 

Katzman, M. A., Bilkey, T. S., Chokka, P. R., Fallu, A., & Klassen, L. J. (2017). Adult ADHD and 

comorbid disorders: clinical implications of a dimensional approach. BMC Psychiatry, 17, 1 – 15. 

Doi: 10.1186/s12888-017-1463-3. 

Kelley, N. J., & Hughes, M. L. (2019). Resting frontal EEG asymmetry and emotion regulation in 

older adults: The midlife in the United States (MIDUS) study. Psychology and Aging, 34(3), 341–

347. Retrieved from https://doi.org/10.1037/pag0000344 

Kern, J. K., Geier, D. A., Sykes, L. K., Geier, M. R., & Deth, R. C. (2015). Are ASD and ADHD a 

continuum? A comparison of pathophysiological similarities between the disorders. Journal of 

Attention Disorders, 19, 805-827. doi:10.1177/1087054712459886 

Kerns, K. A., McInerney, R. J., & Wilde, N. J. (2001). Time reproduction, working memory and 

behavioural inhibition in children with ADHD. Child Neuropsychology, 7, 21 – 31.  

Kim, Y., Choi, J. & Yoo, Y. College adjustment among first year students with ADHD symptoms. 

Cognitive Behavioural Therapy Korea, 16, 161 – 185. Doi: 10.1076/chin.7.1.21.3149 

Klein, M., Onnink, M., van Donkelaar, M., Wolfers, T., Harich, B., Shi, Y…. Franke, B. (2017). 

Brain imaging genetics in ADHD and beyond – mapping pathways from gene to disorder at 

different levels of complexity. Neuroscience and Biobehavioural Review, 80, 115 – 155. Doi: 

10.1016/j.neubiorev.2017.01.013.  

Kobylinska, D., & Kusev, P. (2019). Flexible emotion regulation: how situational demands and 

individual differences influence the effectiveness of regulatory strategies. Frontiers in 



CHAPTER 5: GENERAL DISCUSSION 
 

267 
 

Psychology, 72(10), 1 – 9. Doi: 10.3389/fpsyg.2019.00072. 

Kofler, M. J., Rapport, M. D., Sarver, D. E., Raiker, J. S., Orban, S. A., Friedman, L. M…. 

Kolomeyer, E. G. (2013). Reaction time variability in ADHD: a meta-analytic review of 319 

studies. Clinical Psychology Review, 33, 795 – 811. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0272735813000871 

Krause, J. (2008). SPECT and PET of the dopamine transporter in attention-deficit/hyperactivity 

disorder. Expert Review in Neurotherapeutics, 8, 611–625. doi:10.1586/14737175.8.4.611 

Küpper, T., Haavik, J., Drexler, H., Ramos-Quiroga, J. A., Wermelskirchen, D., Prutz, C., & 

Schauble, B. (2012). The negative impact of attention-deficit/hyperactivity disorder on 

occupational health in adolescents and adults. International Archives of Occupational and 

Environmental Health, 85(8), 837 – 847. Retrieved from 

https://link.springer.com/article/10.1007/s00420-012-0794-0. 

Lenzi, F., Cortese, S., Harris, J., & Masi, G. (2018). Pharmacotherapy of emotional dysregulation in 

adults with ADHD: a systematic review and meta-analysis. Neuroscience and Biobehavioural 

Reviews, 84, 359 – 367. Retrieved from https://doi.org/10.1016/j.neubiorev.2017.08.010.  

Li, D., Sham, P. C., Owen, M. J., He, L. (2006). Meta-analysis shows significant association between 

dopamine system genes and attention deficit hyperactivity disorder (ADHD). Human 

Molecular Genetics, 15(14), 2276 – 2284. Retrieved from 

https://academic.oup.com/hmg/article/15/14/2276/2356050  

Li, F., He, N., Li, Y., Chen, L., Huang, X., Lui, S… & Gong, Q. (2014). Intrinsic brain abnormalities 

in attention deficit hyperactivity disorder: a resting state functional MR imaging study. 

Radiology, 272(2), 514 – 523. Doi: 10.1148/radiol.14131622. 



CHAPTER 5: GENERAL DISCUSSION 
 

268 
 

Lofthouse, N., Arnold, E. L., Hersch, S., Hurt, E., & DeBeus, R. (2012). A review of neurofeedback 

treatment for pediatric ADHD. Journal of Attentional Disorders, 16(5), 351 – 372. Doi: 

10.1177/1087054711427530. 

Logue, S. F., & Gould, T. J. (2014). The neural and genetic basis of executive function: Attention, 

cognitive flexibility and response inhibition. Pharmacology Biochemistry and Behavior, 123, 

45 – 54.  

Lopez-Martin, S., Albert, J., Fernandez-Jaen, A., & Carretie, L. (2015). Emotional response inhibition 

in children with attention-deficit/hyperactivity disorder: neural and behavioural data. 

Psychological Medicine, 45(10), 2057 – 2071. Doi: 10.1017/S0033291714003195.  

Luo, Y., Weibman, D., Halperin, J. M., & Li, X. (2019). A Review of heterogeneity in attention-

deficit/hyperactivity disorder (ADHD). Frontiers In Human Neuroscience, 13(42), 1 – 12. 

Doi: 10.3389/fnhum.2019.00042. 

Maedgen, J. W. & Carlson, C. L. (2000). Social functioning and emotion regulation in the attention 

deficit hyperactivity disorder subtypes. Journal of Clinical Child Psychology, 29, 30 – 42. 

doi: 10.1207/S15374424jccp2901_4.   

Maoz, H., Aviram, S., Nitzan, U., Segev, A., & Bloch, Y. (2015). Association between continuous 

performance and response inhibition tests in adults with ADHD. Journal of Attention 

Disorders, 1 – 7. Doi: 10.1177/108705471584056.  

Marchetta, N. D. J., Hurks, P. P. M., De Sonneville, L. M. J., Krabbendam, L., & Jolles, J. (2007). 

Sustained and focused attention deficits in adult ADHD. Journal of Attention Disorders, 11(6), 

664 – 676. Doi: 10.1177/1087054707305108 

Martinussen, R., Hayden, J., Hogg-Johnson, S., & Tannock, R. (2005). A meta-analysis of working 

memory impairments in children with attention-deficit/hyperactivity disorder. Journal of the 



CHAPTER 5: GENERAL DISCUSSION 
 

269 
 

American Academy of Child and Adolescent Psychiatry, 44(4), 377 – 384. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0890856709614891.  

Marx, I.,  Hübner, T., Herpertz, S. C., Berger, C., Reuter, R., Kircher, T.,… & Konrad, K. (2010). 

Cross-sectional evaluation of cognitive functioning in children, adolescents and young adults 

with ADHD. Journal of Neural Transmission, 117, 403 – 419. Doi: 10.1007/s00702-009-

0345-3. 

Marx, I., Weirich, S., Berger, C., Herpertz, S. C., Cohrs, S., Wandschneider, R., Höppner, J., Häßler, 

F. (2017). Living in the fast lane: evidence for a global perceptual timing deficit in childhood 

ADHD caused by distinct but partially overlapping task-dependent cognitive mechanisms. 

Frontiers in Human Neuroscience, 11, 1 – 16. Retrieved from 

https://www.frontiersin.org/articles/10.3389/fnhum.2017.00122 

McAuley, T., Crosbie, J., Charach, A., & Schachar, R. (2014). The persistence of cognitive deficits in 

remitted and unremitted ADHD: a case for the state-independence of response inhibition. 

Journal of Child Psychology and Psychiatry and Allied Disciplines, 55(3), 292 – 300. Doi: 

10.1111/jcpp.12160  

McLennan, J. D. (2016). Understanding attention deficit hyperactivity disorder as a continuum. 

Clinical Review, 62, 979 – 983.  

McRae, K., Gross, J. J., Weber, J., Robertson, E. R., Sokol-Hessner, P., Ray, R. D., Gabrieli, J. D. E., 

& Ochsner, K. N. (2012). The development of emotion regulation: an fMRI study of cognitive 

reappraisal in children, adolescents and young adults. Social cognitive and Affective 

Neuroscience, 7, 11 – 22. Doi: 10.1093/scan/nsr093.  

Micoulaud-Franchi J.A., Geoffroy, P.A., Fond, G., Lopez, R., Bioulac, S., Philip, P. (2014). EEG 

neurofeedback treatments in children with ADHD: an updated meta-analysis of randomized 

controlled trials. Frontiers in Human Neuroscience, 8, 906. doi: 10.3389/fnhum.2014.00906 



CHAPTER 5: GENERAL DISCUSSION 
 

270 
 

Micoulaud-Franchi, J.A., Salvo, F., Bioulac, S., Fovet, T. (2016). Neurofeedback in attention-

deficit/hyperactivity disorder: efficacy. Journal of American Academy of Child and Adolescent 

Psychiatry, 55, 1091–1092. doi: 10.1016/j.jaac.2016.09.493 

Miranda, M. C., Barbosa, T., Muszkat, M., Rodrigues, C. C., Sinnes, E. G., Coelho, L. F. S., Rizzuti, 

S… & Bueno, O. F. A. (2012). Performance patterns in Conners’ CPT among children with 

attention deficit hyperactivity disorder and dyslexia. Arquivos de Neuro-Psiquiatria, 70(2). 

Retrieved from https://doi.org/10.1590/S0004-282X2012000200004.  

Mitchell, J. T., Benson, J. W., Knouse, L. E., Kimbrel, N. A., & Anastopoulos, A. D. (2013). Are 

negative automatic thoughts associated with ADHD in adulthood. Cognitive Therapy 

Research, 37, 851 – 859. Doi: 10.1007/s10608-013-9525-4. 

Moukhtarian, T. R., Cooper, R. E., Vassos, E., Moran, P., & Asherson, P. (2015). Effects of stimulants 

and atomoxetine on emotional lability in adults: a systematic review and meta-analysis. 

European Psychiatry, 44, 198 – 207. Retrieved from 

https://www.sciencedirect.com/science/article/abs/pii/S0924933817328808.  

National Health and Medical Research Council. (2012). Clinical practice points on the diagnosis, 

assessment and management of attention deficit hyperactivity disorder in children and 

adolescents. Commonwealth of Australia. 

Nazari, M. A., Mirloo, M. M., Rezaei, M., & Soltanlou, M. (2016). Emotional stimuli facilitate time 

perception in children with attention-deficit/hyperactivity disorder. Journal of 

Neuropsychology, 12(2), 165 - 175. Doi: 10.1111/jnp.12111.  

Niendam, T. A., Laird, A. R., Ray, K. L., Dean, Y. M., Glahn, D. C.,& Carter, C. S. (2012). Meta-

analytic evidence for a superordinate cognitive control network subserving diverse executive 

functions. Cognitive, Affective & Behavioural Neuroscience, 12(2), 241 – 268. doi: 

10.3758/s13415-011-0083-5. 



CHAPTER 5: GENERAL DISCUSSION 
 

271 
 

Nigg, J., Blaskey, L., Huang-Pollock, C., & John, O. (2002). ADHD symptoms and personality traits: 

Is ADHD an extreme personality trait? ADHD Report, 10(5), 6 – 11. Doi: 

10.1521/adhd.10.5.20559. 

Nigg, J. T. & Casey, B. J. (2005). An integrative theory of attention-deficit/hyperactivity disorder 

based on the cognitive and affective neurosciences. Development and Psychopathology, 17, 

785 – 806. Doi: 10.1017/S0954579405050376. 

Nigg, J., & Nikolas, M. (2008). Attention-deficit/hyperactivity disorder. In T. P. Beauchaine & S. P. 

Hinshaw (Eds.), Child and Adolescent Psychopathology. (pp. 301). Hoboken, NJ: John Wiley 

& sons.  

Nigg, J. (2016). Annual research review: on the relations among self‐regulation, self‐control, 

executive functioning, effortful control, cognitive control, impulsivity, risk‐taking, and 

inhibition for developmental psychopathology. The Journal of Child Psychology and 

Psychiatry, 58(4), 361 – 383. Doi: 10.1111/jcpp.12675.  

Nigg, J.T., Karalunas, S.L., Gustafsson, H.C., Bhatt, P., Ryabinin, P., Mooney, M.A., Faraone, S.V., 

Fair, D.A. & Wilmot, B. (2019). Evaluating chronic emotional dysregulation and irritability in 

relation to ADHD and depression genetic risk in children with ADHD. Journal of Child 

Psychology & Psychiatry, 61(2). 205 – 214. Doi: 10.111/jcpp.13132. 

Noreika, V., Falter, C. M., & Rubia, K. (2013). Timing deficits in attention-deficit/hyperactivity 

disorder (ADHD): evidence from neurocognitive and neuroimaging studies. 

Neuropsychologia, 51, 235 – 266. Doi: 10.1016/j.neuropsychologia.2012.09.036.  

Norvilitis, J. M., Ingersoll, T., Zhang, J., & Jia, S. (2008). Self-reported symptoms of ADHD among 

college students in China and the United States. Journal of Attention Disorders, 11, 558-567. 

doi:10.1177/1087054707308496 



CHAPTER 5: GENERAL DISCUSSION 
 

272 
 

Nuechterlein, K. H., Green, M. F., Calkins, M. E., Greenwood, T. A., Gur, R. E., Gur, R. C…. & 

Braff, D. L. (2015). Attention/vigilance in schizophrenia: performance results from a large 

multi-site study of the Consortium on the genetics of schizophrenia (COGS). Schizophrenia 

Research, 163(1 – 3), 38 – 46.  

Nugent, K., & Smart, W. (2014). Attention-deficit/hyperactivity disorder in postsecondary students. 

Neuropsychiatric Disease and Treatment, 10, 1781 – 1791. Retrieved from: 

http://dx.doi.org/10.2147/NDT.S64136. 

Ogdie, M. N., Fisher, S. E., Yang, M., Ishii, J., Francks, C., Loo, S. K…. & Nelson, S. F. (2014). 

Attention-deficit/hyperactivity disorder: fine mapping supports linkage to 5p14, 6q12, 16p13 

and 17p11. American Journal of Human Genetics, 75(4), 661 – 668. Doi: 10.1086/424387. 

Osaka, M., Yaoi, K., Minamoto, T., & Osaka, N. (2013). When do negative and positive emotions 

modulate working memory performance? Scientific Report, 3, 1375 - 1381. 

doi:10.1038/srep01375 

Oschner, K. N., Silvers, J. A., & Buhle, J. T. (2012). Functional imaging studies of emotion 

regulation: a synthetic review and evolving model of the cognitive control of emotion. Annual 

New York Academy of Sciences, 1251, 1 – 24. doi: 10.1111/j.1749-6632.2012.06751.x 

Pan, X. X., Ma, H. W., & Dai, X. M. (2007). Value of integrated visual and auditory continuous 

performance test in the diagnosis of childhood attention deficit hyperactivity disorder. Chinese 

Journal of Contemporary Pediatrics, 9, 210–212. 

Pan, D., Hoid, D., Wang, Z., Wang, Y., Li, X. (2020). Using questionnaires and task-related EEG 

signals to reveal hindered reappraisal and biased suppression in individuals with high 

schizotypal traits. Scientific Reports, 10 (5529). Retrieved from 

https://doi.org/10.1038/s41598-020-62283-6 



CHAPTER 5: GENERAL DISCUSSION 
 

273 
 

Patel, J., & Patel, P. (2019). Consequences of repression of emotion: physical health, mental health 

and general well-being. International Journal of Psychotherapy Practice and Research, 1(3), 

16 – 21.  

Perbal-Hatif, S. (2012). A neuropsychological approach to time estimation. Dialogues in Clinical  
 

Neuroscience, 14(4), 425 – 432. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553566/. 

Peterburs, J., Nitsch, A. M., Miltner, W. H., & Straube, T. (2013). Impaired representation of time in 

schizophrenia is linked to positive symptoms and cognitive demand. PloS one, 8(6), e67615. 

Retrieved from https://doi.org/10.1371/journal.pone.0067615 

Phelps, E. A. (2006). Emotion and cognition: insights from studies of the human amygdala. Annual 

Review of Psychology, 57, 57 – 53.  

Phillips, M. L., Drevets, W. C. Rauch, S. L. & Lane, R. (2003). Neurobiology of emotion perception 

I: the neural basis of normal emotion perception. Biological Psychiatry, 54(5), 504 – 514. 

Retrieved from https://www.sciencedirect.com/science/article/pii/S0006322303001689 

Philipsen, A.,  Jans, T., Graf, E., Matthies, S., Borel, P., Colla, M., … & van Elst, L. T. (2015). Effects 

of group psychotherapy, individual counseling, methylphenidate, and placebo in the treatment 

of adult attention-deficit/hyperactivity disorder. JAMA Psychiatry, 72(12), 1199-1210. 

DoiL10.1001/jamapsychiatry.2015.2146. 

Polanczyk, G. V., & Rohde, L. A. (2007). (2007). Epidemiology of attention-deficit/hyperactivity 

disorder across the lifespan. Current Opinion in Psychiatry, 20(4), 386 – 392. Doi: 

10.1097/YCO.0b013e3281568d7a. 

Polanczyk, G. V., Willcutt, E. G., Salum, G. A., Kieling, C., & Rohde, L. A. (2014). ADHD 

prevalence estimates across three decades: an updated systematic review and meta-regression 



CHAPTER 5: GENERAL DISCUSSION 
 

274 
 

analysis. International Journal of Epidemiology, 43(2), 434 – 442. Retrieved from 

https://academic.oup.com/ije/article/43/2/434/679550#81287988. 

Posner, J., Nagel, B. J., Maia, T. V., Mechling, A., Oh, M., Wang, Z., & Peterson, B. S. (2011). 

Abnormal amygdalar activation and connectivity in adolescents with attention-

deficit/hyperactivity disorder. Journal of American Academy of Child and Adolescent 

Psychiatry, 50(8), 828 – 837. Doi: 10.1016/j.jaac. 2011.05.010. 

Prevatt, F., Proctor, B., Baker, L., Garrett, L., & Yelland, S. (2011). Time estimation abilities of 

college students with ADHD. Journal of Attention Disorders, 15(7), 531–538. 

doi:10.1177/1087054710370673 

Ptácek, R., Weissenberger, S., Braaten, E., Klicperova-Baker, M., Goetz, M., Raboch, J… & Stefano, 

G. B. (2019). Clinical implications of the perception of time in attention deficit hyperactivity 

disorder (ADHD): A review. Medical Science Monitor, 25, 3918 – 3924. Doi: 

10.12659/MSM.914225.  

Rączy, K., & Orzechowski, J. (2019). When working memory is in a mood: Combined effects of 

induced affect and processing of emotional words. Current Psychology, 1 – 10. Retrieved from 

https://doi.org/10.1007/s12144-019-00208-x 

Radua, J., del Pozo, N. O., Gomez, J. Guillen-Grima, F., & Ortuno, F. (2014). Meta-analysis of 

functional neuroimaging studies indicates that an increase of cognitive difficulty during 

executive tasks engages brain regions associated with time perception. Neuropsychologia, 58, 

14 – 22.   

Reimherr, F. W., Marchant, B. K., Strong, R. E., Hedges, D. W., Adler, L., Spencer, T. J… Soni, P. 

(2005). Emotional dysregulation in adult ADHD and response to atomoxetine. Biological 

Psychiatry, 58(2), 125 – 131. Retrieved from 

https://www.biologicalpsychiatryjournal.com/article/S0006-3223(05)00501-9/fulltext  



CHAPTER 5: GENERAL DISCUSSION 
 

275 
 

Retz, W., Stieglitz, R., Corbisiero, S., Retz-Junginger, P., & RÖsler, M. (2012). Emotional 

dysregulation in adult ADHD: what is the empirical evidence? Expert Review of 

Neurotherapeutics, 12(10), 1241 – 1251. Doi: 10.1586/ern.12.109. 

Retz, W., Rösler, M., Ose, C., Scherag, A., Alm, B., Philipsen, A., Fischer, R., Ammer, R., & Study 

Group (2012). Multiscale assessment of treatment efficacy in adults with ADHD: a 

randomized placebo-controlled, multi-centre study with extended-release methylphenidate. 

The World Journal of Biological Psychiatry, 13(1), 48–59. Retrieved from 

https://doi.org/10.3109/15622975.2010.540257 

Rommelse, N. N. J., Altink, M. E., Martin, N. C., Buschgens, C. J. M., Faraone, S. V., Buitelaar, J. 

K.,… Oosterlan, J.(2008). Relationship between endophenotype and phenotype in ADHD. 

Behavioural and Brain Functions, 4(4), 1 – 14. Doi: 10.1186/1744-9081-4-4. 

Rommelse, N. N. J., Oosterlaan, J., Buitelaar, J., Faraone, S. V., & Sergeant, J. A. (2007). Time 

reproduction in children with ADHD and their nonaffected siblings. Journal of the American 

Academy of Child & Adolescent Psychiatry, 46(5), 582 – 590. Retrieved from 

https://doi.org/10.1097/CHI.0b013e3180335af7  

RÖsler, M., Casas, M., Konofal, E., & Buitelaar, J. (2010). Attention deficit hyperactivity disorder in 

adults. The World Journal of Biological Psychiatry, 11(5), 684 – 698. Doi: 

10.3109/15622975.2010.483249.  

Rubia, K., Noorloos, J., Smith, A., Gunning, B., & Sergeant, J. (2003). Motor timing deficits in 

community and clinical boys with hyperactive behavior: The effect of methylphenidate on 

motor timing. Journal of Abnormal Child Psychology, 31, 301–313. Retrieved from 

https://doi.org/10.1023/A:1023233630774 

Rubia, K., Halari, R., Christakou, A., & Taylor, E. (2009). Impulsiveness as a timing disturbance: 

neurocognitive abnormalities in attention-deficit hyperactivity disorder during temporal 



CHAPTER 5: GENERAL DISCUSSION 
 

276 
 

processes and normalization with methylphenidate. Philosophical Transactions of the Royal 

Society of London. Series B, Biological sciences, 364(1525), 1919–1931. Retrieved from 

https://doi.org/10.1098/rstb.2009.0014 

Rubin, K. H., Charissa, S. L., & Fox, N. (2010). Emotion regulation, parenting and display of social 

reticence in preschoolers. Early Education and Development, 12, 97 – 115. Retrieved from 

https://www.tandfonline.com/   

Rüfenacht, E., Euler, S., Prada, P., Nicastro, R., Dieben, K., Hasler, R., Pham, E.,… & Weibel, S. 

(2019). Emotion dysregulation in adults suffering from attention deficit hyperactivity disorder 

(ADHD), a comparison with borderline personality disorder (BPD). Borderline Personality 

Disorder and Emotion Dysregulation, 6(11), 1 – 10. Retrieved from 

https://bpded.biomedcentral.com/track/pdf/10.1186/s40479-019-0108-1. 

Safren, S. A., Sprich, S., Mimiaga, M. J., Surman, C., Knouse, L., Groves, M. ,… Otto, M. W. (2010). 

Cognitive behavioral therapy vs relaxation with educational support for medication-treated 

adults with ADHD and persistent symptoms: a randomized controlled trial. JAMA. 304(8), 

875–380. Doi: 10.1001/jama.2010.1192 

Schimmack, U., & Derryberry, D. (2005). Attentional interference effects of emotional pictures: 

threat, negativity, or arousal? Emotion, 5, 55 – 66.  

Schmeichel, B. J., Volokhov, R., & Demaree, H. A. (2009). Working memory capacity and the self-

regulation of emotional expression and experience. Journal of Personality and Social 

Psychology, 95(6), 1526 – 1540. Doi: 10.1037/a0013345. 

Schmeichel, B. J., & Demaree, H.A. (2010). Working memory capacity and spontaneous emotion 

regulation: high capacity predicts self-enhancement in response to negative feedback. 

Emotion, 10(5), 739 -744. Doi: 10.1037/a0019355.  



CHAPTER 5: GENERAL DISCUSSION 
 

277 
 

Schreiber, L.R. N., Gant, J. E., & Odlaug, B. L. (2012). Emotion regulation and impulsivity in young 

adults. Journal of Psychiatric Research, 46(5), 651 – 658. Doi: 

10.1016/j.jpsychires.2012.02.005. 

Schultz, K. P., Fan, J., Magidina, O., Marks, D. J., Hahn, B., & Halperin, J. M. (2007). Does the 

emotional go/no-go task measure behavioural inhibition? Convergence with measures on a 

non-emotional analog. Archives of Clinical Neuropsychology, 22(2), 151 – 160.  

Schweizer, S., Grahn, J., Hampshire, A., Mobbs, D., & Dagleish. (2013). Training the emotional 

brain: improving affective control through emotional working memory training. . Behaviour 

Journal of Neuroscience, 33, 5301-5311. Retrieved from 

https://doi.org/10.1523/JNEUROSCI.2593-12.2013 

Sedlmeier, P., Eberth, J., Schwarz, M., Zimmermann, D., Haarig, F., Jaeger, S., & Kunze, S. (2012). 

The psychological effects of meditation: A meta-analysis. Psychological Bulletin, 138(6), 1139 

– 1171. Doi: 10.1037/a0028168. 

Sergeant, J. A., Geurts, H., Huijbregts, S., Scheres, A., & Oosterlaan, J. (2003). The top and the 

bottom of ADHD: a neuropsychological perspective. Neuroscience and Biobehavioural 

Reviews, 27(7), 583 – 592. Doi: 10.1016/j.neurobiorev.2003.08.004.  

Sebastian, A., Gerdes, B., Feige, B.,Kloppel, S., Lange, T., Philipsen, A., Tebartz van Elst, L., Lieb, 

K., & Tuscher, O. (2012). Neural correlates of interference inhibition, action withholding and 

action cancelation in adult ADHD. Psychiatry Research: Neuroimaging, 202(2), 132 – 141. 

Retrieved from https://doi.org/10.1016/j.pscychresns.2012.02.010. 

Shafritz, K. M., Collins, S. H., & Blumberg, H. P. (2006). The interaction of emotional and cognitive 

neural systems in emotionally-guided response inhibition. NeuroImage, 31, 468 – 475.  

Shaw, P., Lerch, J., Greenstein, D., Sharp, W., Clasen, L., Evans, A… Rapoport, L. (2006). 

Longitudinal mapping of cortical thickness and clinical outcome in children and adolescents 



CHAPTER 5: GENERAL DISCUSSION 
 

278 
 

with attention-deficit/hyperactivity disorder. Archives of General Psychiatry, 63(5), 540 – 549. 

Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/16651511.  

Shaw, P., Eckstrand, K., Sharp, W., Blumenthal, J., Lerch, J. P., Greenstein, D… Rapoport, J. L. 

(2007). Attention-deficit/hyperactivity disorder is characterised by a delay in cortical 

maturation. Proceedings of the National Academy of Sciences of the United States of America, 

104(49), 19649 – 19654. Retrieved from https://www.pnas.org/content/104/49/19649. 

Shaw, P., Malek, M., Watson, B., Greenstein, D., de Rossi, P., & Sharp, W. (2013). Trajectories of 

cerebral cortical development in childhood and adolescence and adult attention-

deficit/hyperactivity disorder. Biological Psychiatry, 74, 599 – 606. Doi: 

10.1016/j.biopsych.2013.04.007. 

Shaw, P., Stringaris, A., Nigg, J., & Leibenluft, E. (2014). Emotional dysregulation and attention-

deficit/hyperactivity disorder. American Journal of Psychiatry, 171(3). 276 – 293. Doi: 

10.1176/appi.ajp.2013.13070966 

Shaw, P., Sudre, G., Wharton, A., Weingart, D., Sharp, W., & Sarills, J. (2015). White matter 

microstructure and the variable adult outcome of childhood attention deficit hyperactivity 

disorder. Neuropsychopharmacology, 40, 746 – 754. Doi: 10.1038/npp.2014.241.  

Shiels. K., Hawk, L.W., Reynolds, B., Mazzulo, R. J., Rhodes, J. D., Pelham, W. E.,… & Gangloff, 

B. P. (2009). Effects of methylphenidate on discounting of delayed rewards in attention 

deficit/hyperactivity disorder. Experimental and Clinical Psychopharmacology, 17(5), 291-

301. doi:10.1037/a0017259 

Sjöwall, D., Roth, L., Lindqvist, S., & Thorell, L. B. (2013). Multiple deficits in ADHD: executive 

dysfunction, delay aversion, reaction time variability and emotional deficits. The Journal of 

Child Psychology and Psychiatry, 54(6), 619 – 627. Doi: 10.1111/jcpp.12006. 



CHAPTER 5: GENERAL DISCUSSION 
 

279 
 

Skirrow, C., & Asherson, P. (2013). Emotional lability, comorbidity and impairment in adults with 

attention-deficit hyperactivity disorder. Journal of Affective Disorders, 147, 80 – 86. Doi: 

10.1016/j.jad.2012.10.011. 

Smith, A., Taylor, E., Rogers, J. W., Newman, S., and Rubia, K. (2002). Evidence for a pure time 

perception deficit in children with ADHD. Journal of Child Psychology & Psychiatry 43, 529–

542. doi: 10.1111/1469-7610.00043 

Sonuga-Barke, E. J. (2003). The dual pathway model of ADHD: an elaboration of neuro-

developmental characteristics. Neuroscience and Biobehavioural Reviews, 27(7), 593 – 604. 

Doi: 10.1016/j.neubiorev.2003.08.005 

Sonuga-Barke, E. J. S., Brandeis, D., Cortese, S., Daley, S., Ferrin, M., Holtmanm, M…. & Sergeant, 

J. (2013). Nonpharmacological Interventions for ADHD: Systematic Review and Meta-

Analyses of Randomized Controlled Trials of Dietary and Psychological Treatments. The 

American Journal of Psychiatry, 170(3), 275 – 289. 

https://doi.org/10.1176/appi.ajp.2012.12070991 

 

 

Spencer, T., Biederman, J., Madras, B. K., Dougherty, D. D., Bonab, A. A., Livini, E., et al. (2007a). 

Further evidence of dopamine transporter dysregulation in ADHD: a controlled PET imaging 

study using altropane. Biological Psychiatry, 62(9), 1059 – 1061. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2715944/. 

Sprich, S., Biederman, J., Crawford, M. H., Mundy, E., & Faraone, S. V. (2000). Adoptive and 

biological families of children and adolescents with ADHD. Journal of American Academy 



CHAPTER 5: GENERAL DISCUSSION 
 

280 
 

and Child and Adolescent Psychiatry, 39, 1432 – 1437. Doi: 10.1097/00004583200011000-

00018. 

Stein, M. A. (2008). Impairment associated with adult ADHD. Best Practices in Adult ADHD: 

Epidemiology, Impairments and Differential Diagnosis, 13(S12), 9 – 11. Retrieved from 

https://doi.org/10.1017/S1092852900003187.  

Stern, A., Agnew-Blais, J., Danese, A., Fisher, H. L., Jaffee, S. R., Matthews, T., Polanczyk, G. V., & 

Arseneault, L. (2018). Associations between abuse/neglect and ADHD from childhood to 

young adulthood: A prospective nationally-representative twin study. Child abuse & neglect, 

81, 274–285. Retrieved from https://doi.org/10.1016/j.chiabu.2018.04.025 

Still, G. F. (1902). Some abnormal psychical conditions in children: the Goulstonian lectures. Lancet, 

1, 1008 – 1012.  

Stout, D. M., & Rokke, P. D. (2010). Components of working memory predict symptoms of distress. 

Cognition and Emotion, 24(8), 1293 – 1303. Doi: 10.1080/02699930903309334. 

Surman, C. B. H., Biederman, J., Spencer, T., Yorks, D., Miller, C. A., Petty, C. R., & Faraone, S. V. 

(2011). Deficient emotional self-regulation and adult attention deficit hyperactivity disorder: a 

family risk analysis. American Journal of Psychiatry, 168, 617 – 623. Retrieved from 

https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.2010.10081172 

Surman, C. B. H., Biederman, J., Spencer, T., Miller, C. A., McDermott, K. M., & Faraone, S. V. 

(2013). Understanding deficient emotional self-regulation in adults with attention deficit 

hyperactivity disorder: a controlled study. Attention Deficit Hyperactivity Disorder. 5(3), 273 – 

281. Doi: 10.1007/s12402-012-0100-8. 

Surman, C. B. H., Biederman, J., Spencer, T., Miller, C. A., Petty, C. R., & Faraone, S. V. (2015). 

Neuropsychological deficits are not predictive of deficient emotional self-regulation in adults 



CHAPTER 5: GENERAL DISCUSSION 
 

281 
 

with ADHD. Journal of Attention Disorders, 19(12), 1046 – 1053. Doi: 

10.1177/10870547134765-48. 

Swick, D., Ashley, V., & Turken, U. (2011). Are the neural correlates of stopping and not going 

identical? Quantitative meta-analysis of two response inhibition tasks. Neuroimage, 56(3), 

1655 – 1665. Retrieved from https://doi.org/10.1016/j.neuroimage.2011.02.070.  

Szekely, E., Sudre, G. P., Sharp, W., Leibenluft, E., & Shaw, P. (2017). Defining the neural substrate 

of the adult outcome of childhood ADHD: a multimodal neuroimaging study of response 

inhibition. American Journal of Psychiatry, 174, 867 – 876. Doi: 

10.1176/appi.ajp.2017.16111313. 

Sperduti, M., Makowski, D., Arcangeli, M., Wantzen, P., Zalla, T., Lemaire, S., Dokic, J., … & 

Piolino, P. (2017). The distinctive role of executive functions in implicit emotion regulation. 

Acta Psychological, 173. Doi: 10.1016/j.actpsy.2016.12.001 

Suskauer, S.J.,, Simmonds, D.J., Fotedar, S., Blankner, J.G., Pekar, J.J., Denckla, M.B., Mostofsky 

S.H. (2008). Functional magnetic resonance imaging evidence for abnormalities in response 

selection in attention deficit hyperactivity disorder: differences in activation associated with  

response inhibition but not habitual motor response. Journal of Cognitive Neuroscience, 20, 

478–493.  

Tannock, R., Ickowicz, A., & Schachar, R. (1995). Differential effects of methylphenidate on working 

memory in ADHD children with and without comorbid anxiety. Journal of American Academy 

of Child and Adolescent Psychiatry, 34, 886 – 896. Doi: 10.1097/00004583-199507000-

00012. 

Tenenbaum, R. B., Musser, E. D., Morris, S., Ward, A. R., Raiker, J. S., Coles, E. K., & Pelham, W. E. 

(2018). Response inhibition, response execution, and emotion regulation among children with 

attention-deficit/hyperactivity disorder, Journal of Abnormal Psychology, 47, 589 – 603.  



CHAPTER 5: GENERAL DISCUSSION 
 

282 
 

Thiruchselvam, R., Blechert, J., Sheppes, G., Rydstrom, A., & Gross, J. J. (2011). The temporal 

dynamics of emotion regulation: An EEG study of distraction and reappraisal. Biological 

Psychology, 87(1), 84–92. Retrieved from https://doi.org/10.1016/j.biopsycho.2011.02.009 

Thorell, L. B., Tilling, H., & Sjowall, D. (2020). Emotion dysregulation in adult ADHD: introduction 

the Comprehensive Emotion Regulation Inventory (CERI). Journal of Clinical and 

Experimental Neuropsychology, 42(7), 747 – 758. Doi: 10.1080/13803395.2020.1800595.  

Toplak, M. E., Rucklidge, J. J., Hetherington, R., John, S. C., and Tannock, R. (2003). Time 

perception deficits in attention-deficit/ hyperactivity disorder and comorbid reading difficulties 

in child and adolescent samples. Journal of Child Psychology & Psychiatry 44, 888–903. doi: 

10.1111/1469-7610.00173 

Tucha, L., Fuermaier, A. B. M., Koerts, K., Buggenthin, R., Aschenbrenner, S., Weisbrod, M., 

Thome, J… & Tucha, O. (2017). Sustained attention in adult ADHD: time-on-task effects of 

various measures of attention. Journal of Neural Transmission, 124, 39 – 53. Retrieved from 

https://link.springer.com/article/10.1007/s00702-015-1426-0. 

Valko, L., Schneider, G., Doehnert, M., Müller, U., Brandeis, D., Steinhausen, H. C., & Dreschsler, 

R. (2010). Time processing in children and adults with ADHD. Journal of Neural 

Transmission, 117, 1213–1228. doi: 10.1007/s00702-010-0473-9 

Villemonteix, T., Marx, I., Septier, M., Berger, C., Hacker, T., Bahadori, S., Acquaviva, E., & 

Massat, I. (2017). Attentional control of emotional interference in children with ADHD and 

typically developing children: an emotional n-back study. Psychiatry Research, 254, 1 – 7. 

Retrieved from https://www.sciencedirect.com/science/article/abs/pii/S0165178116312422 

Visted, E., Sørensen, L., Osnes, B., Svendsen, J. L., Binder, P., & Schanche, E. (2017). The 

association between self-reported Difficulties in Emotion Regulation and heart rate variability: 



CHAPTER 5: GENERAL DISCUSSION 
 

283 
 

the salient role of not accepting negative emotions. Frontiers in Psychology, 328(8), 1 – 9. 

Doi: 10.3389/fpsyg.2017.00328. 

Viviani, R. (2013). Emotion regulation, attention to emotion and the ventral attentional network. 

Frontiers in Human Neuroscience, 746(7), 1 – 24. Doi: 10.3389/fnhum.2013.00746 

Walcott, C. M., & Landau, S. (2004). The relation between disinhibition and emotion regulation in 

boys with attention deficit hyperactivity disorder. Journal of Clinical Child and 

Adolescent Psychology, 33, 772 – 782. Doi: 10.1207/s15374424.jccp.3304.12 

Weissenberger, S., Klicperova-Baker, M., Vňuková, M., Raboch, J., & Ptácek, R. et al. (2019). 

ADHD and time perception: findings and treatments. Activitas Nervosa Superior, 61, 131–

135. Retrieved from https://doi.org/10.1007/s41470-019-00027-2 

Wender, P. H. (1995). Attention-deficit hyperactivity disorder in adults. Oxford University Press: 

New York. 

Weyandt, L. L., Linterman, I., & Rice, J. A. (1995). Reported prevalence of attentional difficulties in a 

general sample of college students. Journal of Psychopathology and Behavioural Assessment, 

17, 293-305. Retrieved from https://link.springer.com/ 

Weyandt, L. L., & DuPaul, G. (2006). ADHD in college students. Journal of Attention Disorders, 10, 

9 – 19. Doi: 10.1177/1087054705286061. 

Weyandt, L. L., Oster, D. R., Gudmundsdottir, B. G., DuPaul, G. J., & Anastopoulos, A. D. (2017). 

Neuropsychological functioning in college students with and without ADHD. 

Neuropsychology, 31(2), 160–172. Retrieved from https://doi.org/10.1037/neu0000326 

Weymar, M. & Schwabe, L. (2016). Amygdala and emotion: the bright side of it. Frontiers in 

Neuroscience, 224(10), 1 – 3. Doi: 10.3389/fnins.2016.00224. 



CHAPTER 5: GENERAL DISCUSSION 
 

284 
 

Wilens, T.E.,, Biederman. J., Spencer, T.J. (2002). Attention deficit/hyperactivity disorder across the 

lifespan. Annual Review of Medicine, 53, 113-31. doi: 

10.1146/annurev.med.53.082901.103945.  

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. 

Biological Psychiatry, 11, 1336 – 1346. Retrieved from 

https://www.sciencedirect.com/science/article.   

Young, S. (2005). Coping strategies used by adults with ADHD. Personality and Individual 

Differences, 38(4), 809–816. Retrieved from https://doi.org/10.1016/j.paid.2004.06.005. 

Zackay, D., & Block, R. A. (1996). The role of attention in time estimation processes. Advances in 

Psychology, 115, 143 – 164.  

Zelazo, P. D., & Carlson, S. M. (2012). Hot and cool executive function in childhood and 

adolescence: development and plasticity. Child Development Perspectives, 6(4), 354 – 360.  

Retrieved from https://srcd.onlinelibrary.wiley.com/doi/full/10.1111/j.1750-

8606.2012.00246.x 

Zylowska, L., Smalley, S. L., & Schwartz, J. M. (2009).  Mindfulness awareness and ADHD.  In 

Clinical Handbook of Mindfulness (pp. 319 – 338).  New York: Sprin



SUPPLEMENTARY MATERIALS 

 
285 

 

 

SUPPLEMENTARY MATERIALS:  

Time reproduction Data Analysis  

Explanation. The ability to perceive and process the passage of time promotes internal decisions 

about when to act. Time reproduction paradigms are commonly employed to assess for individual 

differences in the ability to perceive durations in the range of seconds to minutes. Time 

reproduction studies often employ a wide range of intervals to represent real-life events of varying 

durations. Administering several intervals to be reproduced can however increase administration 

time and induce fatigue in participants. We aimed to determine whether a wide range of time 

intervals can be categorized into “short” and “long” duration groupings. Undergraduate students 

(n = 139) reproduced a set of time intervals of 2, 6, 12, 24, 36 and 48 seconds, and two commonly-

used outcome measures of reproduction performance, namely accuracy coefficient and absolute 

discrepancy scores were measured. For accuracy coefficient scores, there were some evidence that 

2 and 6s intervals fit within a temporal duration that can be described as ‘short’ whilst the longer 

intervals (i.e., 12s and above) can be grouped as representing a ‘longer’ category of durations.  For 

absolute discrepancy scores, however, 2s appears to fit within its own category whilst durations 

that are 6s and above belong to a separate category of longer durations. However, the loading of 

the 2s interval was not significant, therefore precluding the conclusion that this interval could be 

grouped independently.  

 
Table 1. 
Descriptive Statistics for mean AC scores Derived from Reproduced Time Intervals (n = 139) 

Reproduced Time Intervals M SD p-value Observed Range 
2 seconds 1.08 0.25 .001 0.52 – 2.01 
6 seconds 1.04- 0.11 .001 0.64 – 1.40 
12 seconds 1.05 0.11 .001 0.83 – 1.67 
24 seconds 1.16 0.64 .040 0.80 – 4.87 
36 seconds 1.08 0.19 .002 0.70 – 2.31 
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48 seconds 1.09 0.18 .001 0.91 – 2.07 
 
 
Table 2. 
Descriptive Statistics for Absolute Discrepancy Scores Derived from Reproduced Time Intervals 
(n = 139) 

 Absolute Discrepancy 
Reproduced Time Intervals M SD p-value Observed Range 

2 seconds .39 .277 .000  .02 – 1.28 
6 seconds .61 .446 .000  .05 – 2.29 
12 seconds .96 .662 .000  .07 – 2.71 
24 seconds 2.24 2.063 .000  .11 – 7.89 
36 seconds 3.28 2.559 .000  .12 – 10.86 
48 seconds 4.23 3.839 .000  .02 – 15.60 
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Table 3. 
Intercorrelations Amongst AC across Time Intervals. 
Time Intervals  1 2 3 4 5 6 

1. 2 seconds -      
2. 6 seconds      .39** -     
 [.28, .50]      
3. 12 seconds  .06     .25** -    
 [-.13, .28] [-.05, 54]     
4. 24 seconds -.14 -.03  .10 -   
 [-.24, .01] [-.14, .07] [-.05 - .32]    
5. 36 seconds -.05  .04    .32** .28** -  
 [-.18, .13] [-.11, .24] [.06, .56] [.01, .61]   
6. 48 seconds -.05 -.10  .38** .22** .38** - 
 [-.22, .14] [-.33, .15] [.11, .60] [.00, .56] [.07, .65]  

Note. Listwise N = 139. *p≤ .01; **p≤ .001. BCa bootstrap 95% CIs reported in brackets. 

Table 4. 
Intercorrelations Amongst Absolute Discrepancy across all Reproduced Time Intervals. 
Time Intervals  1 2 3 4 5 6 

1. 2 seconds -      
2. 6 seconds    .21* -     
 [.06 - .35]      
3. 12 seconds  .23**   .41** -    
 [.06 - .40] [.23, .58]     
4. 24 seconds -.09   .21*  .28** -   
 [-.08 - .25] [-.01 - .42] [.11, .44]    
5. 36 seconds -.00  .15   .31** .20* -  
 [-.07 - .26] [-.03, .34] [.12, .48] [.03, .37]   
6. 48 seconds -.06 .23*  .36** .30** .30** - 
 [-.10 - .20] [.04, .42] [.18, .52] [.13, .47] [.12, .47]  

 
 
Table 5. 

Summary of Exploratory Factor Analysis Results for the Mean ACs for the Time Intervals 

Rotated Factor Loadings for Absolute Discrepancy Scores 

Time Intervals 
Factor 1a Factor 2b 
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Rotated Factor Loadings for Absolute Discrepancy Scores 

2 Seconds .83 -.12  
6 Seconds .78 .05  
12 Seconds .38 .66  
24 Seconds     -.23 .54   
36 Seconds .02 .75  
48 Seconds -.10 .75  

Percentage of Variance:  31.22% 24.96%                    
Note. a = “Short Intervals Grouping” and b = “Long Intervals Grouping”. Factor loadings above .32 
appear in bold. 

Table 6. 
Varimax Rotated Factor Structure of Absolute Discrepancy Values for the Time Intervals 

Time Intervals 

Rotated Factor Loadings for 
Absolute Discrepancy Scores 

Factor  

2 Seconds .27 
6 Seconds .52 
12 Seconds .73 
24 Seconds .42 
36 Seconds .42 
48 Seconds .51 
Percentage of Variance:  25.10% 

Note. Factor loadings above .32 appear in bold. 




