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Abstract

The present study was designed to contribute to the existing body of knowledge on Disruptive
Mood Dysregulation Disorder (DMDD) by exploring the potential association between heart
rate variability and the externalising symptoms (i.e. frequent temper tantrums and irritable or
angry moods between outbursts) of the disorder. The overarching goal was to establish whether
the emotion dysregulation and compromised social behaviour associated with DMDD are a
function of a compromised social engagement system, as proposed by the polyvagal theory.
This study compared data from a group of children (n = 15) who were diagnosed with DMDD
to that of a group of typically developing controls (n = 15) to test four hypotheses derived from
the polyvagal theory: 1) Children with DMDD would have significantly lower RSA amplitude
than controls; 2) RSA amplitude would be significantly related to speed and accuracy of
attention shifting (Affective Posner Cueing Task) and emotion recognition (Dynamic Affect
Recognition Evaluation) tasks — lower RSA amplitude was expected to be associated with more
errors and reduced reaction time during emotional, frustrating and emotion recognition tasks
in children with DMDD; 3) RSA amplitude would be significantly related to attachment style
(as measured by the Attachment Style Classification Questionnaire) — lower amplitude RSA
was anticipated to be related to anxious/ambivalent or avoidant attachment styles; and 4) RSA
amplitude would be significantly related to prosody — reduced RSA amplitude was predicted
to be correlated with reduced acoustic modulation in children with DMDD. Results did not
fully confirm the hypothesis that children who have been diagnosed with DMDD exhibit lower
baseline RSA and excessive reductions in RSA in response to emotionally evocative stimuli
compared to healthy controls. Although not statistically significant, dissimilar trends emerged
for the two groups in terms of RSA trajectories, and warrant further investigation. Results

partially supported the hypothesis that participants in the DMDD group would exhibit reduced



speed and accuracy during the Affective Posner Cueing Task and the DARE emotion
recognition task. Children in the DMDD group were significantly slower (p =.002) to respond
during all three conditions of the Affective Posner Cueing Task and had significantly impaired
ability (p = .032) to accurately recognise fear during the DARE task, in comparison with
healthy controls. Participants in the DMDD group were found to largely have an avoidant
attachment style. Respiratory sinus arrhythmia was, however, related to anxious ambivalent
attachment in general. Statistically significant (p = .044) differences also emerged in terms of
prosody, with participants in the DMDD group exhibiting more modulation, or instability, than
those in the control group. Finally, the number of social interaction problems reported by
parents of participants in the DMDD group significantly correlated with vagal tone during the
frustration condition (p = .049) of the Affective Posner Cueing Task. These findings are
discussed in terms of their implications and relation to findings of other studies. In conclusion,
the limitations of the current study are addressed and recommendations for future research are

made.
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Chapter 1: Introduction

Disruptive Mood Dysregulation Disorder (DMDD) was included as a new diagnostic
category in the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5;
American Psychiatric Association [APA], 2013a) to attend to concerns regarding the
misdiagnosis of paediatric bipolar disorder and overestimation of its prevalence. In 1995,
Wozniak and colleagues broached the issue of widespread failure to diagnose paediatric
bipolar disorder in clinical practice (Wozniak et al., 1995). Subsequently, clinical attention to
the disorder has improved significantly, and data indicates a pronounced rise in the rates at
which children have been diagnosed with paediatric bipolar disorder. In the United States of
America (USA), paediatric bipolar disorder diagnosis in outpatients increased from 0.42% to
6.67% between 1994 and 2003 (Moreno et al., 2007). Between 1996 and 2004, inpatient
diagnosis of paediatric bipolar disorder rose from 1.3 to 7.3 per 10 000 children. Bipolar
related discharges in teenagers showed a comparable surge, with an almost 300% increase
from 1996 to 2004 (Blader & Carlson, 2007). According to Kessing, Vradi, and Andersen
(2014), similar trends have been observed in clinical practice in Europe, but theirs was the
first study outside of the USA that examined annual rates of incidence of paediatric bipolar
disorder. In Denmark, the yearly rates of paediatric bipolar disorder increased between 100%
and 300% during the study interval of 1995 to 2012 (Kessing et al., 2014). This upsurge in
diagnoses was accompanied by a proliferation of publications. Listings on PubMed indicate
that more articles were published on paediatric bipolar disorder in January 2008 (22 articles)
than the decade from 1986 to 1996 (15 articles; Leibenluft, 2008). In the following two
decades, the number of publications soared: from 1997 to 2007 it grew to 294 and from 2008
to present, search results list a total of 654 articles.

Statistics obtained from the Council for Medical Schemes (CMS, 2015) suggest that

this tendency is mirrored in South Africa. Between 2007 and 2015, the prevalence for treated



bipolar mood disorder (BMD) in females has increased from 0.01 to 0.10 (900%) for ages 5-
9, 0.09 to 0.48 (433%) for ages 10-14, and 0.54 to 2.39 (343%) for ages 15-19 per 1000

medical aid beneficiaries (see Figure 1).
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Figure 1. Paediatric bipolar mood disorder prevalence in females on medical schemes in

South Africa. Note: Statistics obtained from the Council for Medical Schemes

In males, for the same time period, the prevalence for treated BMD increased from
0.19 to 0.26 (36%) for ages 5-9, 0.36 to 0.78 (117%) for ages 10-14, and 0.88 to 1.85 (110%)
for ages 15-19 per 1000 beneficiaries (see Figure 2).

Noteworthy is that, in females, the trend in increase continued until 2015 and then
dropped only slightly in 2016 (at the time of writing, statistics for 2017 were not available
yet). In contrast, in boys, the upward trend peaked in 2014 and then saw a pronounced drop in
2015 (-55%, -44% and -45% for each age group respectively) and a further slight decrease in

2016 (-23%, -12% and -2% respectively).
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Figure 2. Paediatric bipolar mood disorder prevalence in males on medical schemes in

South Africa. Note: Statistics obtained from the Council for Medical Schemes

Further research to explore the reason for this sharp decrease would be beneficial to
our understanding of the current interpretation and diagnosis of mood and behavioural
dysfunction in South African children. Possibilities include an actual decline in prevalence,
the result of increased awareness of over- or misdiagnoses among clinicians, a change in
inclination towards the diagnosis of behavioural or conduct disorders in boys due to a gender
difference in the manifestation of symptoms, and the introduction of the new diagnostic
category.

Although percentage increases are higher for child and adolescent females, in the
same age groups, more males are being treated for BMD. This is the opposite of trends in
adult beneficiaries, where prevalence rates for treatment are higher in adult female
beneficiaries than in adult male beneficiaries (CMS, 2015). It should be noted that the trend
above may be explained by the increased likelihood of females to seek medical treatment
compared to their male counterparts, as lifetime male-to-female prevalence is roughly equal

(APA, 2013a).



It is not yet clear whether these trends reflect an actual proliferation in prevalence,
improved clinical attention and case identification, or a contentious broadening of the bipolar
disorder construct, in particular, the inclusion of children and adolescents who exhibit severe
irritability without distinct hypomanic or manic episodes (Leibenluft, 2011).

Evidence suggests that the disorder is sometimes also misdiagnosed. One study of
adolescent inpatients found that clinical chart diagnoses of mania in adolescents were far
more common than research-quality diagnoses. More than half of paediatric bipolar cases
diagnosed clinically were reclassified during the research procedure as either depression or
conduct disorder, having presented with depression and hostility rather than elation (Pogge et
al., 2001).

Clinical heterogeneity may provide another explanation for the higher prevalence
estimation. For example, typical manifestation of attention-deficit/hyperactivity disorder
(ADHD), such as distractibility and hyperactivity, are also diagnostic criteria of mania
(Moreno et al., 2007). In addition, although not a diagnostic criterion for ADHD, which
frequently co-occurs with DMDD, irritability, and difficulties in the regulation of emotional
reactivity and behavioural state, is common in children with ADHD (Leibenluft, 2011). The
erroneous diagnoses of these severely impaired children who present symptoms similar to
that of bipolar disorder and ADHD, but do not meet the exact diagnostic criteria of either
disorder, could be a factor in the higher incidence of paediatric bipolar disorder. In South
Africa, as in the USA (Blader & Carlson, 2007), the prevalence increase seems to be
associated, at least in part, with “up-coding” or prescribed minimum benefits (PMB) creep.
Prescribed minimum benefits are a set of defined benefits that medical aid schemes are
obliged to cover, regardless of the members’ benefit option (Watson, 2015). As defined by
the Department of Health (DOH), PMB creep is the erroneous diagnosis of an illness or

disorder to match a specific PMB category that is slightly more severe than the actual case to



ensure payment to the provider and coverage of treatment for the patient. Watson (2015) cites
the example, given by the DOH and one of the leading medical aid providers in the country,
of the diagnosis of bipolar disorder, which is on the chronic disease list and thus eligible for
PMB coverage, instead of other forms of depression, which are not on the PMB list. It is also
possible that bipolar disorder is used as diagnosis because a more appropriate diagnostic
category for chronic, debilitating irritability, such as DMDD, is lacking in the South African
health system. The International Statistical Classification of Diseases and Related Health
Problems, 10th Revision code (ICD-10; World Health Organisation [WHQ], 1992) does not
have a code for DMDD that could be implemented by medical schemes - and without the
diagnosis, access to mental health care services and treatment would be limited.

Although the exact reasons for the dramatic increase in the prevalence of paediatric
bipolar disorder remain unclear, the distinction between this diagnostic category and DMDD
is an important one. While levels of impairment are comparable (Leibenluft, 2011), research
suggests there are significant differences between the two disorders, which may have
significant implications for clinical practice and treatment. Extensive research has found, for
example, that children with severe, chronic irritability are more prone to develop depression
and generalised anxiety disorder than bipolar disorder later in life (Brotman et al., 2006;
Brotman et al., 2007; Stringaris, Cohen, Pine, & Leibenluft, 2009). Studies also suggest that
DMDD shares biological pathways with depression (Savage et al., 2015) and ADHD (Riglin
et al., 2017). Medication used to treat these disorders varies significantly from that used to
treat bipolar disorder (Dickstein et al., 2009; Kim & Boylan, 2016; Moreno et al., 2007;
Tourian et al., 2015; Waxmonsky et al., 2008). Prematurely medicating young individuals
may at best be ineffective in treating the debilitating symptoms and at worst be harmful. It is

therefore imperative to develop evidence-based treatment and intervention strategies.



Due to its recent inclusion, however, there is a dearth of empirical data on DMDD. In
an attempt to help address this gap in the literature, the current research explores the
hypothesised relationship between the regulation of emotional reactivity and behavioural
state, which is at the core of DMDD, and underlying neurophysiological processes, using the
polyvagal theory (Porges, 1995, 1997, 1998, 2001) as a conceptual framework. This theory
provides an understanding of social behaviour and, by extension, compromised social
behaviour, from a neurobiological perspective (Porges, 2003a). It maintains that several
psychiatric and behavioural disorders are characterised by insufficiencies in tasks related to
social engagement, such as avoidant gaze and reduced facial expressiveness, and that these
features often present as a cluster. From a psychopathological perspective, these disorders are
seen to have different aetiologies, but from a polyvagal standpoint, there is a common
neurophysiological component (Porges, 2011). Insight into this system’s involvement in
adaptive social behaviour and psychological experience allows us to predict relationships
between its functioning and atypical social behaviour, which can be tested and used to inform
diagnostic and treatment practices.

The polyvagal theory puts forward such a conceptual system, the social engagement
system (Porges, 2001, 2003), which depicts the neurophysiological and neuroanatomical link
between the regulation of visceral state (including the heart and bronchi) and the muscles of
the head and face associated with social engagement behaviour. According to this model, the
functioning of specific components of the mammalian autonomic nervous system (i.e.,
visceromotor and somatomotor) became integrated through evolutionary processes to form an
intricate system that supports three distinct biobehavioural strategies — social engagement
behaviours, mobilisation and immobilisation - in response to safety, danger and life-
threatening cues in the environment. The theory suggests that these strategies follow a

phylogenetically ordered hierarchy and each reflects a specialised neurophysiological



substrate to maximise the adaptive response. The visceromotor component includes pathways
of the myelinated vagus nerve (also called the 10th cranial nerve) to the heart and inhibits
sympathetic and hypothalamic-pituitary-adrenal (HPA) axis activity to calm autonomic state,
which is necessary for prosocial behaviour. The somatomotor component includes the special
visceral efferent (SVE) pathways that travel through cranial nerves V, VII, IX, X and XI. It
regulates the muscles required for mastication and ingestion, head turning (to orient and
gesture to others), looking behaviour, facial expression, discrimination of the human voice
from background sounds and listening, vocalisation and intonation (to convey a message). An
optimally functioning social engagement system supports an autonomic state and behaviours
necessary for the successful initiation and maintenance of relations with others, such as
voluntary and sustained attention, appropriate eye contact, gestures and facial expressions,
listening, vocal communication, and the perception, projection and expression of emotion
(Porges, 2001; Quintana, Kemp, Alvares, & Guastella, 2013). A compromised social
engagement system, the theory predicts, would result in inadequate physiological state
regulation and deficits in affect recognition and regulation, and thus difficulties in
behavioural state regulation and fostering and maintaining social relationships.

These deficits are features of numerous psychiatric disorders, such as autism, social
anxiety and post-traumatic stress disorder (Porges, 2003a). Attention deficit and conduct
disorders, which frequently co-occur with DMDD, are characterised by difficulties in
attention, listening, regulation of behaviour and social skills (Denver, 2004). A few studies
have found evidence suggesting deficits in some of these areas in DMDD (e.g., Brotman et
al., 2010; Deveney, Brotman, Decker, Pine, & Leibenluft, 2012; Guyer et al., 2007; Hommer
et al., 2014; Leibenluft, 2011; Rich et al., 2010a), but data integrating these findings are
lacking. Given the similarities of certain predicted characteristics of an impaired social

engagement system and the core features of DMDD, the question whether DMDD represents



a disorder on the continuum of dysregulation within the social engagement system is a logical
path of investigation. The current study was thus designed to test whether the emotion and
behaviour dysregulation seen in DMDD is associated with a compromised social engagement
system by assessing autonomic regulation, as indexed by the influence of the myelinated
vagus on the heart (referred to as vagal tone).

The polyvagal theory (Porges, 1995, 1997, 1998, 2001) offers an alternative
explanation of maladaptive social behaviour to that suggested by the symptom-based,
nosological conceptualisation of mental health disorders. The latter view is increasingly
considered not to reflect burgeoning knowledge of the relationship between neurophysiology
and behaviour (Adam, 2013; Craddock & Owen, 2010). The phenotypic classification system
is marred by high rates of comorbidity and similar diagnostic criteria as defining
characteristics. For instance, in the Diagnostic and Statistical Manual of Mental Disorders
(4th ed., text rev.; DSM-IV; American Psychiatric Association, 2000), irritability, which is
one of the defining symptoms of DMDD, was included as a criterion for at least six
childhood diagnostic categories, including major depressive disorder, generalised anxiety
disorder, dysthymic disorder, post-traumatic stress disorder, oppositional defiant disorder,
and manic episode. Similarly, impediments or atypical behaviour in social situations are
characteristic of mood disorders, anxiety disorders and several child and adolescent
psychiatric disorders (i.e., pervasive development disorders, learning disorders,
communication disorders and attention/disruptive behaviour disorders). Furthermore,
individuals suffering from these disorders struggle with tasks necessary to successfully
engage with others, such as initiating and maintaining social relationships, expressing social
behaviour and appropriate social communication (Denver, 2004). It is therefore conceivable

that a single neurophysiological system, such as the social engagement system proposed by



the polyvagal theory, regulates the normal function of these behaviours and that disorders,
such as DMDD, lie along a spectrum of dysfunction or dysregulation within that system.

The aims and hypotheses of the current study are directly drawn from the polyvagal
theory of emotion and its model of the social engagement system. An interpretation of the
diagnostic features of DMDD as emergent properties of deficits in the social engagement
system provides an integrated neurobiological perspective of these symptoms. Also, it may
inform intervention and treatment strategies to restore normal system function and may also
help to identify a physiological variable that may serve as an early predictor of this disorder.

Chapter Two discusses the background of the new diagnostic category, outlines the
features and diagnostic criteria of DMDD, and provides an overview of the prevalence,
correlates, comorbidity, pathophysiology and treatment algorithms of DMDD.

Chapter Three examines the constructs of emotion and emotion regulation, which are
critical to adaptive, healthy psychosocial functioning. It also explains how individuals
develop stable styles of emotion regulation, primarily a result of attachment experiences with
the primary caregiver, which may later become maladaptive and could lead to emotion
dysregulation.

Chapter Four introduces the polyvagal theory, which articulates the mechanisms that
mediate social engagement between individuals and provides a plausible explanation of how
physiological state restricts the scope of affective and behavioural experience, and hence,
determines contingent social behaviour. In conclusion, the research questions and hypotheses
of the current study, which were derived from this theory, are discussed.

Chapter Five presents the methodology employed in the present study. The chapter
introduces the aims of the research as derived from the review of available literature. The
quasi-experimental research design is elaborated upon, followed by the sampling procedure

and the demographic details of the final sample. There is a description of the psychometric
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instruments utilised as the assessment battery, as well as the bespoke experimental hardware
and setup. The procedure that was undertaken is detailed, and the analytic tools used for
statistical analysis are briefly presented. The chapter ends with a description of the ethical
considerations regarded necessary for the undertaking of this study.

Chapter Six comprises the exploration of the results and documents the statistical
outcomes of the analyses. The descriptive statistics are outlined, after which significant and
non-significant differences are subsequently explored and theorised.

Chapter Seven is a critical discussion of the most important results of the current
study relative to the currently available literature and existing knowledge. The thesis
concludes with the theoretical and practical contributions of the results of the current study to
existing knowledge and explores the study’s limitations with the identification of potential

areas for future research.
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Chapter 2: Disruptive Mood Dysregulation Disorder

As discussed in Chapter 1, Disruptive Mood Dysregulation Disorder (DMDD) is a
new diagnostic category in the DSM-5 (APA, 2013a) that was created to cater for children
with non-episodic irritability and recurrent anger outbursts who fail to fully meet the criteria
of existing disorders, but still experience significant impairment. Due to its novelty, and
origin based on another disorder, empirical evidence regarding its prevalence, the
comorbidity, course, prognosis, neurobiological correlates and potential treatment regimes of
DMDD is only now emerging. The current research was designed with the aim to contribute
to the limited, yet increasing, body of knowledge on the disorder. This chapter commences
with an overview of the rationale that guided the creation of the new category and proceeds
with a brief look at its features and diagnostic criteria as listed in the DSM-5 (APA, 2013a). A
thorough review of available literature on DMDD follows, focussing on prevalence and
comorbidity, course and outcome, and pathophysiology. It then looks at how the disorder is
currently treated and the studies that have tested these and novel approaches to alleviate
symptoms in children with DMDD. The chapter concludes with a concise discussion of the
criticism that ensued upon the creation of this category and emphasis on the importance of
understanding the underlying mechanisms of DMDD.

Background

Disruptive Mood Dysregulation Disorder was introduced in the DSM-5 (APA, 2013a)
in response to the growing concern surrounding the marked increase in prevalence and
potential over-diagnosis of bipolar disorder in children and adolescents. The proposal of the
new category resulted in much controversy, firstly as some researchers and clinicians view
severe, chronic irritability as a presentation of paediatric mania (Biederman et al., 2000;
Wozniak et al., 1995); secondly because it was included in the DSM-5 (APA, 2013a) without

published clinical validity trials (Copeland, Angold, Costello, & Egger, 2013); and thirdly, in
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field trials, inter-rater reliability varied significantly by setting (Margulies, Weintraub, Basile,
Grover, & Carlson, 2012). Furthermore, support for the creation of this diagnosis is derived
primarily from scientific studies on a syndrome proposed by the US National Institute of
Mental Health (NIMH) called “severe mood dysregulation”, which is similar to DMDD, but
not identical (Leibenluft, 2011; Stringaris, & Goodman, 2009). In addition, the noteworthy
comorbidity and symptom overlap with other psychiatric disorders (Axelson et al., 2012;
Brotman et al., 2006; Copeland et al., 2013; Leibenluft, 2011), particularly oppositional
defiant disorder, cast doubt as to whether or not DMDD should be a distinct category. The
sizeable debate surrounding the inclusion of this proposed new diagnostic category, however,
was overshadowed by the alarming increase in the off-label use of antipsychotics in children
with severe, non-episodic irritability who had been diagnosed with bipolar disorder.

Both the DSM-1V (APA, 2000) and the DSM-5 (APA, 2013a) specify that both adults
and children must experience distinct episodes of mania or hypomania to satisfy the criteria
for bipolar I disorder. The broadening of the category of “classic” bipolar to include non-
episodic presentations of severe irritability could be a contributing factor in the significant
increase in the prevalence of paediatric bipolar disorder (Grimmer, Hohmann, & Poustka,
2014; Moreno et al., 2007). To provide a structure for further research, Leibenluft, Charney,
Towbin, Bhangoo, and Pine (2003) distinguished between “narrow” and “broad” phenotypes
of bipolar disorder.

The narrow phenotype corresponded to the criteria as defined in the DSM-1V (APA,
2000). The broad phenotype was conceptualised as severe mood dysregulation and
characterised by chronic, non-episodic irritability with severe rages, chronic hyperarousal
(e.g., motor hyperactivity, distractibility) and negatively valenced mood (either sadness or
anger) in between temper outbursts. It was anticipated that children who meet the criteria for

the broad phenotype may or may not also fulfil the criteria for attention-deficit/hyperactivity
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disorder (ADHD), major depressive disorder, oppositional defiant disorder and mania
(Lebeinluft et al., 2003). Research did not, however, support the theory of severe mood
dysregulation as a possible developmental manifestation of bipolar disorder. Longitudinal
(Brotman et al., 2006; Stringaris et al., 2009) and familial (Brotman et al., 2007) studies
suggest that non-episodic irritability in childhood predicts unipolar depression and anxiety
disorders rather than adult bipolar disorder.

Brotman et al. (2007) postulated that, if severe mood dysregulation is a developmental
phenotype of bipolar disorder, the rates of bipolar disorder among parents of children with
severe mood dysregulation should be comparable to that of parents of children with narrow
phenotype bipolar disorder. Using the Diagnostic Interview for Genetic Studies, parents of
youths with bipolar disorder and youths with severe mood dysregulation were interviewed by
clinicians who were blind to the children’s diagnostic status. Compared to the parents of
children with severe mood dysregulation (proband n = 30, parent n = 37), parents of youth
with narrow phenotype bipolar disorder (proband n = 33, parent n = 42) were more likely to
be diagnosed with bipolar disorder: 33.3% of children with narrow phenotype bipolar
disorder had a parent with bipolar disorder, whereas only 2.7% of children with severe mood
dysregulation had a parent with bipolar disorder. This study did, however, have various
limitations, including small sample size, ascertainment bias, the fact that second-degree
relatives were not assessed, the exclusion of comparison to parents of unaffected offspring,
and the omission of assessment of ADHD and other disruptive behavioural disorders in the
parents that may have differentiated the two groups.

Data extracted from the Great Smoky Mountains Study (GSMS), a longitudinal
epidemiological study of children and adolescents in North Carolina, USA, suggested that
severe mood dysregulation predicts risk for early adulthood depressive disorders (Brotman et

al., 2006). Using the Child and Adolescent Psychiatric Assessment (CAPA), the researchers
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determined the prevalence of severe mood dysregulation among the sample of 1420 children,
ages 9 to 19 years. Severe mood dysregulation was found to be fairly common in childhood,
with a lifetime prevalence of 3.3%. Compared to children who did not meet the criteria for
severe mood dysregulation, those with severe mood dysregulation were significantly more
likely to be diagnosed with a depressive disorder, such as major depressive disorder,
dysthymia or depression not otherwise specified, during early adulthood (M = 18.3 years, SD
= 2.1 years). The probability ratio of developing a depressive disorder for those with severe
mood dysregulation was 7.2, 95% CI [1.3 — 38.8]. Cases were not significantly more likely
than non-cases to be diagnosed with ADHD, conduct disorder, oppositional defiant disorder,
substance abuse or dependence, or any anxiety disorder in the last wave of assessment. These
findings should, however, be interpreted with caution, due to several limitations. Most
notably, the study was a post hoc study of existing data. The severe mood dysregulation
criteria as defined by Leibenluft et al. (2003) also had to be adjusted, as the CAPA was not
designed to assess severe mood dysregulation. In addition, many of the participants had not
yet reached the average age-of-onset for bipolar disorder and may well have been
experiencing the onset of bipolar disorder as a depressive episode and gone on to developed
mania or hypomania. Finally, participants were primarily Caucasian, thus it is not possible to
say whether these findings can be extrapolated to a more diverse population.

Based on the findings of Brotman et al. (2006), Stringaris and Goodman (2009),
hypothesised that the Irritability dimension of oppositionality - the combination of temper
outbursts, anger, and a low threshold for being annoyed — would be predictive of distress
disorders, which included depression and generalised anxiety. The two other dimensions of
oppositionality identified were the Headstrong dimension (associated with ADHD and
conduct disorders) and the Hurtful dimension (linked to the aggressive symptoms of conduct

disorder). In order to investigate this, researchers surveyed a large, cross-sectional



15

epidemiological sample of 7912 British children and adolescents, aged 8 to 19 years, using
The Strengths and Difficulties Questionnaire (SDQ) and The Development and Well-Being
Assessment (DAWBA). Results suggested that only a high score on the Irritable dimension
was highly predictive of distress disorders at a three-year follow-up, with an odds ratio of
3.34, 95% CI [2.08 - 5.38] at baseline.

The lack of evidence supporting severe, chronic irritability as a developmental
phenotype of bipolar disorder prompted the adaptation of severe mood dysregulation to
DMDD, with the new category omitting the hyperarousal criterion (Dougherty et al., 2014).

Features and Diagnostic Criteria

The DSM-5 (APA, 2013a) describes DMDD as a mood disorder that is characterised
by chronic, severe irritability. Clinically, the irritability manifests in two ways. The first is
frequent temper outbursts that are developmentally inappropriate and not proportionate to the
situation. These temper tantrums are usually the result of frustration and may be verbal or
behavioural (i.e., aggressive behaviour directed at self, others or property). The second
manifestation is a chronic and persistent angry or irritable mood between outbursts, which
must be a distinguishing feature of the child and evident to individuals the child’s
environment.

The DMDD diagnostic criteria (see Table 1) state that temper outbursts have to
happen at least three times per week, and the irritable or angry mood has to be present for
most of the day, on most days, in at least two settings (school, home or with peers) for a year
or more. Symptoms have to be severe in at least one setting. No more than three consecutive
months must pass without symptoms. The onset of symptoms has to be before the age of 10
and diagnosis has to be made after the age of 6 or before the age of 18 (APA, 2013b).

Disruptive Mood Dysregulation Disorder cannot be diagnosed with oppositional

defiant disorder, intermittent explosive disorder or bipolar disorder. Comorbid disorders
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include major depressive disorder, attention-deficit/hyperactivity disorder, conduct disorder,

and substance use disorders. When children meet the criteria for both DMDD and

oppositional defiant disorder, they should receive a diagnosis of DMDD only. The diagnosis

of DMDD should not be given if a child or adolescent has ever had a manic or hypomanic

episode lasting more than one day.

Symptoms should not be better explained by a medical disorder, be a manifestation of

substance abuse or a medical condition, or only occur during an episode of major depressive

disorder (Zepf & Holtmann, 2016).

Table 1

Summary of DMDD Diagnostic Criteria

No. Criteria

1. Severe, recurrent temper verbal or behavioural tantrums that are entirely
disproportionate in extent and/or duration to the provocation or situation

2. Outbursts are developmentally inappropriate and occur at least three times per
week

3. Chronic and persistent angry or irritable mood between outbursts

4, Irritable/angry mood present most of the day, almost daily, and evident to others
in the child’s surroundings

5. Symptoms occur in at least two settings (home, school, peers) and are severe in at
least one

6. Duration is at least 12 months, without a symptom-free period of three
consecutive months

7. Onset prior to the age of 10

8. First diagnosis should be made after age 6 and before age 18

9. Mania or hypomania have not been present for longer than one day

10. Symptoms are not restricted to an episode of major depressive disorder or better
explained by autism spectrum disorder, posttraumatic stress disorder, separation
anxiety disorder, persistent depressive disorder.

11. Cannot receive a comorbid diagnosis of oppositional defiant disorder,

intermittent explosive disorder, or bipolar disorder.

Functionally, these symptoms cause significant disruptions in the child’s social

relationships and academic career (APA, 2013b). Family life is usually significantly

disturbed by the child’s rages and persistent irritability.
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Children with DMDD also struggle to initiate and maintain friendships. A very low
frustration tolerance means that these children struggle to perform in school and often are not
able to participate in activities enjoyed by healthy peers. Levels of impairment compare to
those of children with paediatric bipolar disorder (Leibenluft, 2011), with severe aggression,
dangerous behaviour, suicide ideation and suicide attempts and psychiatric hospitalisation
common in both clinical populations (APA, 2013a). Few studies have, however, examined
the prevalence of DMDD in clinical settings and/or community samples.

Prevalence and Comorbidity

Emerging evidence suggests that DMDD frequently occurs in clinical samples
(Dougherty et al., 2016). Most studies focused on children treated at paediatric mental health
clinics in the USA. In a child psychiatric outpatient sample, which was preselected for the
presence of noticeable mood instability in participants, Axelson et al. (2012) found that 26%
of children (N = 706) participating in the Longitudinal Assessment of Manic Symptoms
(LAMS) met the DMDD criteria at intake. In an inpatient sample of 82 children, between the
ages of 5 and 12, hospitalised consecutively at a 10-bed university hospital children’s
inpatient psychiatric unit in the USA, 30.5% of children met criteria for DMDD by parent
report, while only 15.9% met the criteria by inpatient unit observation (Margulies et al.,
2012). It should be noted that this discrepant inter-rater reliability between outpatient and
inpatient populations gives credence to the concerns underlying the issue of the validity of
DMDD as a diagnostic entity. A limited number of studies have investigated DMDD
prevalence in the community (Copeland et al., 2013; Dougherty et al., 2014).

In three large community samples of children aged 2 to 17 years in North Carolina in
the USA, Copeland et al. (2013) found the 3-month prevalence to range from 0.8% to 3.3%,
with the highest prevalence in pre-schoolers (who were included despite the DSM-5 exclusion

criteria). The authors note that the rates dropped slightly when the strict exclusion criteria
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were applied but were virtually unchanged when the onset and duration criteria were applied.
In another large community sample of 6-year olds from the Stony Brook Temperament
Study, the 3-month prevalence rate was 8.2% (n = 38; Dougherty et al., 2014).

Limited studies have focused on the temporal stability of DMDD, but those that do
suggest it is relatively low. Stability over time also may be higher in childhood than
adolescence (Zepf, Biskup, Holtmann, & Runions, 2015). Dougherty et al. (2016) found that
more than 80% of children who met the criteria for DMDD at age 6 (N = 473) also met the
criteria when they were 9. Rates did, however decline from 7.6% at age 6 to 1.3% at age 9.
As there were methodological differences in clinical assessments at age 6 and age 9 — using
the Preschool Age Psychiatric Assessment (PAPA) with parents at age 6 and the Kiddie-
Schedule of Affective Disorders and Schizophrenia (K-SADS) with parents and children at
age 9 — it is not possible to conclude that these changes were due to a significant decline in
DMDD across the developmental period. In marked contrast with these findings, a study of
over 200 youths, aged 7-17, with severe mood dysregulation found that less than 50% met
criteria at follow-up (Deveney et al., 2015). A possible explanation for this discrepancy in
findings could be the difference in the age range of the participants in the studies, with that of
Deveney et al. (2015) including much older children. In a slightly larger community sample
of 376 children aged 6 to 12 years, stability over time was low as well: 71% of participants
with DMDD symptoms at baseline no longer had the symptoms at the 8-year follow-up. Of
those who had symptoms at follow-up, only 45% had these symptoms at baseline (i.e. 55%
were new cases; Mayes et al., 2015). Lack of temporal stability is also reflected in clinical
samples. In one clinical sample, 48.7% and 39.5% of children with severe mood
dysregulation continued to meet criteria for severe mood dysregulation at two- and four-year
follow-ups, respectively. Of the participants with DMDD at initial assessment, 51.3% and

36.4% continued to meet criteria for DMDD at two and four years, respectively (Dougherty
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et al., 2016). Similar decreases in irritability after early childhood are evident from cross-
sectional data on the prevalence of DMDD across childhood (Copeland et al., 2013) and
longitudinal data on normative irritability across childhood (Wiggins, Mitchell, Stringaris, &
Leibenluft, 2014).

Furthermore, findings suggest that the lifetime prevalence dropped when criteria had
to be met in two or more waves of assessments. Axelson et al. (2012) demonstrated that, in a
child psychiatric outpatient population, with ages ranging between 6 and 12, 52% of
participants met the DMDD criteria at first assessments, while 29% met the criteria at the
second assessments and only 19% met the criteria for all three assessments across one-year
and two-year follow-ups. This finding was consistent with that of Brotman et al. (2006), who
applied the criteria for severe mood dysregulation to the GSMS. Among children who met
the criteria for severe mood dysregulation, 82.5% did so in only one of four waves of
assessments. The lifetime prevalence dropped from 3.3% to 0.4% when criteria had to be met
in two consecutive waves.

Comorbidity was the rule in most of the studies: participants with DMDD had a
comorbid psychiatric disorder more often than not, most frequently depressive disorders,
ADHD, oppositional defiant disorder and conduct disorder. Youths with DMDD also
exhibited higher rates of social impairments, suspension from school, service use, and
poverty (Axelson et al., 2012; Copeland et al., 2013; Dougherty et al., 2014; Dougherty et al.,
2016).

Retrospectively diagnosing DMDD in children who participated in the LAMS study,
Axelson et al. (2012) found that almost all (96%) of the participants who met the criteria for
DMDD also met the criteria for oppositional defiant disorder or conduct disorder and 77%
also met the criteria for ADHD and oppositional defiant disorder or conduct disorder. It

should be noted that this study had various limitations which may have skewed the results.
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Participants were disproportionately recruited to score highly on the Parent General Behavior
Inventory 10-Item Mania Scale (PGBI-10M), and DMDD was associated with increased
PGBI-10M scores. Most of the participants also presented to outpatient clinics at academic
psychiatric departments in the US, so results cannot be generalised to other clinical or
community samples. Furthermore, low numbers of participants with bipolar disorder made it
difficult to attain accurate estimations of the association between DMDD and paediatric
bipolarity. Adequate operationalising of retrospective DMDD diagnoses may also have
influenced results (Axelson et al., 2012; Vassar & Holzmann, 2013).

Using existing data of three large community samples involving 7881 observations of
3258 participants covering a broad age range (2 to 17 years old), Copeland et al. (2013) also
found a propensity toward comorbidity extending to emotional disorders (anxiety or
depressive disorders) and behavioural disorders (ADHD, oppositional defiant disorder, or
conduct disorder), or both. Again, the result of this study should be interpreted bearing
several limitations in mind. The data used for this investigation relied upon psychiatric
instruments that were designed to assess other disorders, not DMDD. Test-retest reliability
for these instruments used to assess DMDD was not available. None of the studies recruited
participants with the aim of approximating a sample representative of US children, although
strategies were used to minimise selection bias. Moreover, community samples may differ
from clinical samples.

Dougherty et al. (2014) studied the epidemiology of DMDD using data from an
extensive community-based study that followed children from ages 3 to 6 years. 541 parents
were interviewed regarding their 3-year-old child’s (M = 3.6 years, SD = 0.3 years)
diagnostic information. Of these participants, 462 parents were interviewed again when their
child reached the age of 6 years (M = 6.1 years, SD = 0.4 years). Children with DMDD

presented with another emotional or behavioural disorder in 60.5% of the cases. At age 6,
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DMDD was associated with emotional and behavioural dysregulation and functional
impairment, such as depression, oppositional defiant disorder, increased emotional reactivity
and intensity, decreased effortful control, poor peer functioning, as well as reduced parental
support and marital satisfaction.

Disruptive mood dysregulation disorder is expected to be diagnosed more often in
males and school-aged children than females and adolescents (APA, 2013a). According to
Leibenluft (2011), children presenting to clinics in the USA with symptoms of DMDD are
predominantly male. Brotman et al. (2006) also found this gender bias to be reflected in
community samples with severe mood dysregulation and chronic irritability, on which the
DMDD category is primarily based.

All the studies reported here were conducted in developed countries in USA and
Europe, with none in developing regions such as South America or Africa. Epidemiological
studies on DMDD in clinical and community populations in South Africa have not been
published at the time of writing and warrant investigation. Another potential direction for
further research would be to explore whether the higher prevalence of bipolar disorder seen in
child and adolescent medical aid beneficiaries could be explained by the lack of a more
appropriate category (i.e., DMDD) at the time of diagnosis or whether concerns about its
validity as a diagnostic entity limits its utility.

Course and Outcome

Data on the predictive validity, trajectory and long-term outcome of DMDD are
sparse. Replicating and extending the findings of the Stony Brook Temperament Study in the
USA (Bufferd, Dougherty, Carlson, Rose, & Klein, 2012; Dougherty et al. 2011), one study
identified predictive indicators at age 3. These were childhood ADHD, depression,
oppositional defiant disorder, behavioural dysregulation, poorer peer functioning, and child

temperament (higher surgency and emotional intensity, with reduced ability to voluntarily
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manage attention and adapt behaviour as needed, known as “effortful control”’; Dougherty et
al., 2014, p. 2342). Other predictive indicators include parental substance use disorder and
greater hostility in parents (Dougherty et al., 2014).

These findings are consistent with that of a later study (Dougherty et al., 2016) in a
sample of 473 children who lived within a 32-km range of Stony Brook University in New
York, USA. Findings suggest that a diagnosis of DMDD at age 6 predicted a DMDD
diagnosis at age 9. Disruptive mood dysregulation disorder at 6 years also predicted ADHD
at age 9, as well as a current and later diagnosis of depressive disorder. These children were
more likely to exhibit disruptive behaviour disorder symptoms as well. A childhood DMDD
diagnosis also predicts consequent difficulties with peer relationships, increased peer
ostracism and victimisation, and greater relational aggression. In later childhood, between the
ages of 10 and 16 years, a DMDD diagnosis predicts long-term, pervasive compromised
functioning. Compared to controls without history of childhood psychiatric problems (non-
cases) and controls who met the criteria for psychiatric disorders other than DMDD, those
who met the criteria for DMDD were at increased risk for poor health and severe illness,
sexually transmitted diseases, other psychiatric problems (excluding bipolar disorder), risky
or illegal behaviour, police contact, disrupted social functioning (e.g. violent relationships,
poor parental relationships and no best friend), being impoverished and low educational
achievement as adults (Copeland, Shanahan, Egger, Angold, & Costello, 2014). While these
studies highlight the poor prognosis of children with chronic irritability and frequent temper
outbursts and the importance of making treatment development and clinical management of
these children a priority, additional longitudinal research is also necessary to address the
limitations of these studies, such as small sample sizes, lack of test-retest validity, the use of
measures and interviews that were not designed or validated for the assessment of DMDD,

reliance on reports from parents and teachers who may have different interpretations of the
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term “temper tantrums”, a focus on the frequency of outbursts and a lack of qualitative data
on the triggers, duration and intensity of temper tantrums.

Similar to the shortage of literature on the epidemiology and course of DMDD, little
empirical data exist on the physiological and neurological mechanisms that underlie this
clinical diagnosis.

Pathophysiology

There is growing interest in the underlying neurobiology of severe mood
dysregulation, most of which focuses on social and emotional information processing and
emotion regulation (Zepf et al., 2015). According to Leibenluft (2011), the main symptom of
DMDD, chronic irritability, may be explained from a neuroscience systems perspective as a
failure to employ top-down mechanisms (i.e. executive functioning and selective attention) to
inhibit maladaptive responses to frustration, which is defined as the emotional response to
blocked goal attainment. Emerging evidence suggests that individuals with DMDD show
deficits in four main processes that contribute to their symptoms (Driver & Thomas, 2018).
These are impaired regulation of emotion and attention (Brotman et al., 2010; Rich et al.,
2010a; Rich et al., 2007); misinterpretation of social, emotional, and threat stimuli (Brotman
et al., 2010; Rich et al., 2008); impaired context sensitivity (Blair, 2010; Dickstein et al.,
2007); and reward system dysfunction (Brotman et al., 2007; Dickstein et al., 2010;
Leibenluft, 2011).

The skill to accurately process social cues, a key social-emotional function, as defined
by Ochsner (2008), that enables emotion regulation and social competence, seems to be
lacking in those with severe mood dysregulation (Leibenluft, 2011). Brain structures
identified as playing a role in these functions include the amygdala, striatum, and classical
limbic regions, such as the medial prefrontal cortex and insula (Ochsner, 2008). Particularly

important in the detection and interpretation of nonverbal cues (e.g., eye gaze and facial
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expressions) that may directly or indirectly signal the presence of threat in the environment,
such as the faces of seemingly untrustworthy people (Adolphs, Tranel, & Damasio, 1998;
Winston, Strange, O'Doherty, & Dolan, 2002) and fearful facial expressions (Morris et al.,
1996; Whalen et al., 1998), is the amygdala - an almond-shaped structure on the medial
temporal lobe that is situated next to, and just in front of, the hippocampus.

The amygdala seems to be reliably activated with the presentation of stimuli that are
biologically relevant (e.g., potential threat), particularly ones that evoke strong negative
emotional states. Neuroimaging studies show that amygdala signal intensity is greater when
participants viewed graphic images and film clips of negative material (such as mutilated
bodies) than when they viewed neutral material (Irwin et al., 1996; Reiman et al., 1997) and
that the amount of activity within the amygdala is associated with later recall (Cahill et al.,
1996). There is also considerable evidence that supports the role of the amygdala in the
processing of stimuli that might be considered to be emotional, but which don’t necessarily
induce an intense emotional state, such as facial expressions (Breiter et al., 1996; Cahill et al.,
1996; Irwin et al., 1996; Morris et al., 1996; Morris et al., 1998; Reiman et al., 1997; Whalen
et al., 1998). For example, individuals presented with photos of people with fearful
expressions, do not report feeling afraid, despite increased activity in the amygdala. This
suggests that reported emotion should not be equated with amygdala activation (Whalen,
1998). The amygdala seems particularly crucial in the processing of fear in facial expressions
(Phelps, 2006).

Several brain lesion studies (Adolphs, et al., 1994; Anderson & Phelps, 2000b; Broks
et al., 1998; Calder et al., 1996) show that patients with bilateral damage to the amygdala
have significant impairment in identifying fearful facial expressions. Neuroimaging studies
(Breiter et al., 1996, Morris et al., 1996, Whalen et al., 2001) of healthy participants

demonstrated greater activation in the amygdala when presented with fearful faces, compared
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to happy faces, angry faces and neutral faces. Three adult patients with large lesions to the
temporal lobe regions, which included complete bilateral damage to the amygdala, were also
found unquestionably impaired on face labelling tasks (Schmolck & Squire, 2001). When
presented with images of male and female actors expressing one of six target facial emotions
(i.e., anger, happiness, sadness, surprise, fear, or disgust), the patients were particularly poor
at labelling faces expressing sadness and fear (58% and 39% correct, respectively) compared
to healthy volunteers (88% and 73% correct). Patients also performed worse than controls
when anger and disgust were expressed (patients, 61% and 75% versus controls, 73% and
80%), but these differences were not statistically significant. When happiness and surprise
were expressed, patients scored a little higher than controls (patients, 99% and 94%; controls,
97% and 80%), but again, not significantly so. For each emotion, the groups made the same
most common error. For example, when presented with a sad expression, the most common
error by controls and patients was to describe it as disgust (on 22% of the trials for patients
and 10% of the trials for controls). Fearful expressions were mostly commonly erroneously
described as surprise (in 33% of the trials for patients and in 17% of the trials for controls).
This may be explained by the fact that fear and surprise have similar features of wide eyes
and an information-gathering appearance. While they have features in common, they convey
different messages: a fearful expression indicates shock in reaction to a frightening stimulus,
whereas surprise denotes novelty or unexpectedness. (Whalen, 1998; Zhao, Yan, Chen, Zuo,
& Fu, X. 2013; Zhao, Zhao, Zhang, Cui, & Fu, 2017).

However, these findings are not definitive. Researchers are yet to fully understand the
complexities of the various structures of the brain and their direct or indirect influences on
each other, as is evident from studies that did not corroborate the findings discussed above.
No association between amygdala activation and expression of fear was found by

Sprengelmeyer, Rausch, Eysel, & Przuntek (1998) or Rapcsak et al., (2000). A potential
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explanation for this could be either the rapid habituation of the amygdala in response to
fearful faces reported by Breiter et al. (1996) or the proposed neuromodulatory effect of the
amygdala on the fusiform gyrus — decreased activation in the amygdala was mirrored by
increased activity in the fusiform gyrus in reaction to facial expressions of fear (Morris et al.,
1998).

Because of its extensive connections to brain structures associated with cognitive
functions (e.g. the prefrontal cortex, the hippocampal complex and the sensory cortices), the
amygdala is thought to influence cognitive functions in response to emotional stimuli
(Phelps, 2006). In fact, the primary function of the human amygdala is suggested to be the
modulation of neural structures responsible for cognitive and behavioural responses to
emotional stimuli (Anderson & Phelps, 2000a; Whalen, 1998), some of which may bypass
the cortex, which has led some researchers (Ohman, 2002; Phelps, 2006; Whalen, 1998) to
the conceptualisation of the amygdala as a “surveillance system”. This theory purports that
the amygdala continually scans the environment for relevant affective stimuli, particularly
those that signal an increased potential of threat, and controls the perception and memory
processes that detect and translate them. In an extensive review, Phelps (2006) identified five
areas that emphasise the role of the amygdala in the interplay between emotion and cognition:
emotional learning (i.e., classical fear conditioning, instructed fear and observational fear),
emotion and memory, the effect of emotion on attention and perception, the processing of
emotion in social stimuli, and adapting emotional responses.

Due to the sensory system’s limited processing capacity, the brain has to employ
various mechanisms, such as selective attention and executive functions, to detect relevant
information in the environment and evaluate subsets of information based on their current
relevance or salience (Ohman, 2002; Vuilleumier, 2005). Numerous mechanisms of selective

attention exist and function concurrently during perceptual processes and any factors that
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influence these early phases of stimulus processing may also affect downstream cognitive
functions, such as memory and reasoning (Driver, Vuilleumier, Eimer, & Rees, 2001; Phelps,
2006). This could be linked to Leibenluft’s (2011) explanation of irritation as the result of the
failure to use these mechanisms to regulate maladaptive responses to frustration when goal
attainment is blocked.

One of the mechanisms through which the amygdala modulates attention, perceptual
processes and responses to potential threat is its ability to detect fear or threat stimuli early
and automatically due to its reciprocal connection to the sensory cortices. Several studies
show that the amygdala receives information about the emotional significance of a stimulus
promptly and prior to attention or awareness (Anderson, Christoff, Panitz, De Rosa, &
Gabrieli, 2003; Morris et al., 1998; Ohman, 2002; Romanski & LeDoux, 1992; Vuilleumier,
Armony, Driver, & Dolan, 2001; Whalen et al., 1998). Supporting these finding are studies
that show increased heightened activity in the visual cortex of middle-aged subjects in
response to aversive stimuli compared to neutral stimuli (Kosslyn et al., 1996), with the
extent of this stimulation related to amygdala activation in response to the same stimuli
(Morris et al., 1998). An fMRI study conducted with individuals with medial temporal lobe
damage provides further evidence that suggests that the amygdala facilitates heightened
responses in the visual cortices of the brain for emotional stimuli. Three groups of
participants - healthy controls, patients with damage only to the hippocampus, and patients
with damage to the hippocampus and amygdala — were presented with facial expressions of
fear, as well as neutral expressions (Vuilleumier, Richardson, Armony, Driver, & Dolan,
2004). Control participants exhibited increased activation in the visual cortex for fear
compared to neutral faces. These results were mirrored in patients with damage limited to the
hippocampus. Participants with damage to the amygdala did not demonstrate significant

differences in visual cortex activation for fear compared to neutral faces. These findings
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suggest that the amygdala performs a crucial role in facilitating the temporary changes in
visual cortex processing that occurs for emotional stimuli. While the amygdala seems
particularly critical in the processing of facial cues related to threat and fear, other studies
suggest more extensive impairment in recognising various highly arousing emotions that are
akin to fear (i.e., negatively valenced emotions), including anger, disgust and sadness
(Adolphs, Russell, & Tranel, 1999; Calder et al., 1996; Schmolck & Squire, 2001).

In three experiments, the ability of three patients with bilateral damage to the anterior
temporal lobe to process facial emotions was assessed (Schmolck and Squire, 2001). Patients
performed consistently poorer than controls in the first and second experiments when having
to label emotions of fear and sadness. In the third experiment, each face was accompanied by
an adjective that was either consistent or inconsistent with the emotion displayed. Participants
had to rate the intensity with which each face conveyed the emotion described by the
adjective. As a rule, patients gave higher ratings than controls, particularly for incongruent
pairs. The researchers ruled out the possibility of the findings merely reflecting an inclination
of patients to give higher ratings by comparing the first and the third experiments. In
Experiment 3, patients gave higher ratings to particular incongruent face-adjective pairs (for
example, when a sad face was displayed with the adjective ‘disgust’) and in the first
experiment, they tended to choose the same incorrect adjective for the emotions displayed
(e.g., they repeatedly selected the word ‘disgust’ to describe a sad face). Consequently, the
researchers concluded that that this impairment in the patients indicated difficulty in
distinguishing between particular emotions. Specifically, they tended to confuse sadness with
disgust and anger, and fear with surprise and anger.

Studying identification of two emotional dimensions, arousal and valence
(pleasantness-unpleasantness), in a unique case with complete, bilateral damage limited to the

amygdala, another study found compromised detection of arousal for facial expressions,
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words and sentences that portrayed negative emotions, specifically those related to fear and
anger (Adolphs et al.,1999). Compared to control subjects, the patient gave unusually low
arousal ratings to negatively valenced emotions. Fear and anger, the two negative emotions
that were rated to be the most arousing by controls, were given the lowest rating by the test
subject. Recognition of valence, however, was normal. These results confirm earlier findings
by Calder et al. (1996), who reported investigations of two adult individuals with bilateral
damage to the amygdala: one had partial bilateral amygdala as result of surgery for otherwise
unmanageable epilepsy, while the other had extensive right temporal damage, with bilateral
damage to the amygdala, caused by encephalitis. Across the tests performed, both subjects
showed significant impairment in recognition of the facial expression of fear. One also had
severe problems with disgust and anger, while the other one exhibited minor abnormality in
recognition of anger. These studies substantiate the theory of a broader role for the amygdala
in the processing of emotional expressions, but it is possible that the impairments were the
result of not only bilateral damage to the amygdala, but also other regions involved in
emotion recognition and processing. Expanding these findings is evidence that suggests the
amygdala’s role is not limited to that of detecting potential sources of threat and danger (i.e.,
negatively valenced emotions), but may have a more general purpose in processing salient
information from faces. The amygdala also responds to novel (Duan, Dai, Gong, & Chen,
2010; Schroeder et al., 2004) and positive stimuli (Adolphs, 2010; Ball et al., 2009; Breiter et
al., 1996; Fitzgerald, Angstadt, Jelsone, Nathan, & Phan, 2006; Sergerie, Chochol, &
Armony, 2008; Yang et al., 2002) and receives perceptual inputs from various sources, such
as the cortex, thalamus and hippocampus (Phelps & LeDoux, 2005; Weymar & Schwabe,
2016).

Using a backwards masking procedure, Duan et al. (2010) studied neural activity in

reaction to surprised faces displayed below the threshold of conscious visual perception using
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fMRI. Healthy participants were scanned viewing masked surprised faces, and as control,
masked happy and neutral faces too. Results showed that, compared to control conditions,
masked surprised faces resulted in significantly greater activation in the parahippocampal
gyrus and fusiform gyrus, which have previously been associated with the detection of
novelty (Rombouts et al., 1997; Sperling et al., 2001; Stern et al., 1996; Zorrilla, Jeste,
Paulus, & Brown, 2003). These fMRI results also confirmed activation of the right amygdala
and right thalamus in response to the masked surprised faces, confirming previous work
linking these regions to the unconscious processing of emotional stimuli (Bayle, Henaff, &
Krolak-Salmon, 2009; Driver et al., 2001; LeDoux, Ruggiero, & Reis, 1985; Liddell et al.,
2005; Morris et al., 1998; Morris, Ohman, & Dolan, 1999; Whalen et al., 1998). The
researchers also found a correlation between the ability to identify and differentiate one's
emotions, as measured by the 20-item Toronto Alexithymia Scale (TAS-20), and the
activation of these areas. A negative correlation was found between the subscale, Difficulty
Identifying Feelings, and the neural response of these areas to masked surprised faces, which
suggests that diminished activation in specific brain regions may indicate greater difficulties
in recognising emotions. This study substantiated findings by Schroeder et al. (2004), who
scanned healthy participants while they viewed surprised faces. Participants were also
presented with faces portraying neutral or disgust expressions as a control. Neural responses
during the emotional conditions were compared with each other and with the neutral face
condition. In contrast with both control conditions, perception of surprised facial expressions
produced consistently increased activation in the parahippocampal area of the brain, a region
that is associated with the detection of novelty. An increasing number of neuroimaging
studies also confirm the involvement of the amygdala in the processing of positive stimuli

(Duan et al., 2010).
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A meta-analysis of 114 human functional imaging studies concerned with the
amygdala published between 2000 and 2008 (Ball et al., 2009) found that of the 339
amygdala response peaks, 59% were related to positive stimuli. Another study examined the
activity in healthy volunteers during rapid presentations of fearful, happy and neutral faces
using fMRI. As discussed above, the amygdala was preferentially activated by fearful faces
compared to neutral faces, but also to happy faces versus neutral faces, suggesting a possible
general response to emotionally valenced stimuli (Breiter et al., 1996). Further challenging
the notion that the amygdala has a specialised role in the processing of emotions mostly
related to potential threat (i.e., fear or anger), are findings by Fitzgerald et al. (2006) that
propose a more general-purpose function in processing all relevant information from faces.
This critical component of evolutionary shaped social intelligence, the ability to effectively
and automatically decode communicative facial signals, seems to be perturbed in children
with severe mood dysregulation, which may contribute to their symptoms of emotional
problems.

An investigation into the neural circuitry involved in these deficits revealed that the
same behavioural deficiency could be brought about by different forms of neural
dysfunctions, with amygdala dysfunction reported as the most common finding in functional
magnetic resonance imaging (fMRI) studies (Brotman et al., 2010; Leibenluft, 2011; Thomas
et al., 2012). Studies show that children with severe mood dysregulation struggled as much
with correctly identifying emotions in facial expressions as children with bipolar disorder and
made more mistakes than healthy children and volunteers with mood, anxiety, conduct or
attention deficit disorders (Guyer et al., 2007; McClure et al., 2005; McClure, Pope,
Hoberman, Pine, & Leibenluft, 2003; Schenkel, Pavuluri, Herbener, Harral, & Sweeney,
2007). It is not possible to compare the results of these studies directly, however, as each of

these studies used different paradigms. To date, few neuroimaging studies have focused on
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the comparison of amygdala activity in other psychiatric disorders and severe mood disorder
or DMDD during face emotion processing (Brotman et al., 2010; Rich et al., 2008; Thomas et
al., 2014).

Despite similar difficulties with the facial expression labelling task, children with
severe mood dysregulation showed decreased amygdala activity compared to that of children
with bipolar disorder and control subjects (Brotman et al., 2010). In another study, subjects
with severe mood dysregulation also needed more emotional intensity in facial expressions to
correctly label the emotion in the expressions than control subjects and were as compromised
as children with bipolar disorder (Brotman et al., 2008; Deveney et al., 2012; Rich et al.,
2008). Hommer et al. (2014) examined attentional partiality toward angry (i.e., threat) and
happy faces in participants with severe mood dysregulation and healthy control subjects.
Children with severe mood dysregulation demonstrated an attention preference towards
threat, with greater threat bias correlated with increases in the severity of dysregulation
symptoms. In another study, compared to healthy volunteers and those with bipolar disorder,
children with severe mood dysregulation showed an over-reactivity to angry faces, which
could be seen as evidence for the dysregulation of the behavioural approach system (Thomas
et al., 2014) — a conceptually neurological motivation system proposed by several motivation
theorists (e.g., Davidson, 1998; Depue & Collins, 1999; Depue & lacono, 1989; Fowles,
1980; Fowles, 1988; Gray, 1975; Gray, 1976; Gray, 1982; Gray, 1994; Gray & McNaughton,
2000; Lang, Bradley, & Cuthbert, 1990). This flows from an earlier study during which
children with severe mood dysregulation reported higher levels of frustration than control
subjects in response to blocked goal attainment, possibly also attributable to a failure to
regulate the approach system (i.e., the inability to inhibit approach responses when these

responses are not successful; Deveney et al., 2013; Thomas et al., 2014).
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Motivation theories of behaviour propose that two biologically-based systems
underlie most of behaviour (Harmon-Jones, 2003). The first facilitates approach motivation
and behaviour in response to appetitive stimuli (i.e. reward and the cessation or omission of
punishment), and corresponds with impulsivity (Corr, 2002; Corr, 2004; Gray, 1970). It has
been referred to as a behavioural activation system (Fowles, 1980; Fowles, 1988),
behavioural approach system (Gray, 1970; Gray, 1982; Gray, 1994; Gray & McNaughton,
2000), and behavioural facilitation system (Depue & Collins, 1999; Depue and lacono, 1989).
It has also been referred to as an approach or appetitive motivational system (Davidson,

1998; Lang et al., 1990). The second, and inverse, system manages aversive motivation (i.e.
punishment and omission or cessation of reward) and avoidance and withdrawal behaviours,
and is thought to cause anxiety (Corr, 2001; Corr, 2002; Corr, 2004; Gray, 1970; Harmon-
Jones, 2003). This system has been referred to as the behavioural inhibition system (Gray
1970; Gray, 1982; Gray, 1994), the aversive/defensive system (Lang et al., 1990), and the
withdrawal motivational system (Davidson, 1998). One of the most influential theories in this
field, Gray’s Reinforcement Sensitivity Theory (RST; Gray, 1970; Gray, 1982; Gray, 1994;
Gray & McNaughton, 2000), predicts that an individual with a hyperactive approach system
should be more sensitive to cues that signal reward, compared to someone with a hypoactive
approach system; and individuals with hyperactive inhibition systems should be most
sensitive to signals of punishment, relative to those with hypoactive inhibition systems.
According to this model, the comparison between actual reward with expected reward plays
an essential role in motivation-driven behaviour. It asserts that only actual reinforcement that
is equal to, or greater than, expected reinforcement is an adequate input to the approach
system; and only actual punishment equal to or, or greater than, expected punishment is
sufficient input to the inhibitory system. Appetitively motivated behaviour is therefore caused

by actual punishment lower than expected punishment (i.e. the relief of non-punishment),
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which is considered an adequate input to the approach system; while aversively-motivated
behaviour is caused by an actual reward that is lower than the expected reward (i.e.
frustrative non-reward), which is mediated by the inhibitory system (Corr, 2002).

Some focus has been given to using the RST to explain disinhibitory disorders, such
as psychopathy, early-onset alcoholism, childhood hyperactivity and non-pathological
impulsivity, specifically an underlying dysfunction in the reward system (Corr, 2001,
Gorenstein & Newman, 1980). Several reports indicate that this heightened sensitivity has a
number of significant consequences, all of which may be pertinent to DMDD: it results in a
reaction set that is reward-focused dominant; it impairs consideration of environmental
contingencies; and it leads to a failure to learn from punishment (Newman, 1987; Patterson &
Newman, 1993; Wallace & Newman, 1990). These motive systems not only manage
approach and withdrawal or aversive behaviour, but are also thought to be involved with the
creation and promotion of emotional states that are relevant to such behaviours (Corr, 2001;
Corr, 2002; Corr, 2004; Harmon-Jones, 2003).

It is widely accepted in theory that the approach motivational system is involved in
the generation of positive affect (e.g., happiness, hope and elation), while the aversive
motivational system is involved in the generation of negative affect (e.g., anxiety, fear,
frustration, anger, and sadness) and much research support these suppositions (Carver &
White, 1994; Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Depue & lacono, 1989;
Gray, 1982; Gray, 1994; Harmon-Jones & Allen, 1997; Lang et al., 1990; Sutton &
Davidson, 1997). A few studies suggest that the approach system is exclusively responsible
for the generation of positive affect (Cacioppo & Berntson, 1994; Lang et al., 1990; Watson,
Wiese, Vaidya, & Tellegen, 1999). While there is evidence of the association of the
behavioural approach system with positive effect, one critical shortcoming of these theories

is that they fail to account for the relationship between individual differences in (approach
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system) reward sensitivity and actual reactions to rewarding stimuli (Corr, 2002). There is
reason to believe that the approach system is also linked to negative affect responses, such as
sadness, anxiety and anger (Carver, 2001; Carver, 2004; Carver & White, 1994; Finlay-Jones
& Brown, 1981; Harmon-Jones, 2003; Higgins, Shah, & Friedman, 1997). Of particular
relevance to severe mood dysregulation and DMDD is the suggestion that the approach
system is linked, at least to some extent, to frustrative non-reward affective states and
behaviour due to its sensitivity to reward (Corr, 2002). Specifically, anger has been found to
cause activation in the left anterior cortical region, which has been linked to the approach
system (Harmon-Jones & Sigelman, 2001). Evidence suggests that increased left frontal
cortical activity and decreased right frontal cortical activity are associated with both trait and
state anger (Harmon-Jones & Allen, 1998; Harmon-Jones & Sigelman, 2001, Harmon-Jones,
Sigelman, Bohlig, & Harmon-Jones, 2003). This may be because higher levels of approach
behaviour are associated with higher expectancies for rewards, and therefore higher levels of
frustration result when reward magnitude is terminated or reduced (Carver, 2001; Corr, 2002;
Mikulincer, 1988). Although limited research was available, and findings were tenuous (i.e.
methods used were correlational and therefore limited to problems associated with
correlational designs, such as determining causality, third variables, etc.), these studies gave
some credence to the theory that chronic irritability is the emotional response to blocked goal
attainment, i.e. frustrative non-reward (Leibenluft, 2011) and indicated that this might be an
avenue to explore in children with severe mood dysregulation, and later DMDD. Evidence is
emerging that these children do exhibit abnormalities that set them apart from children with
other disorders and children without mental health problems.

Children with severe, chronic irritability were found to have unusually reduced
activation in regions implicated in emotion, attention, and reward processing in response to

negative feedback received in a frustration context (Deveney et al., 2013). In these children,
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frustration appears to impair attention flexibility, which the authors surmised may contribute
to emotion regulation difficulties. Congruous with documented facial labelling problems,
attentional bias towards angry expressions, and maladaptive reward processing, one study
suggests that children with severe mood dysregulation have difficulties in determining the
correct tone of verbal speech (called prosody), which could play a role in emotion
dysregulation in chronically irritable children (Deveney et al., 2012).

The ability to identify the emotional tone or prosody of spoken words is an important
aspect of nonverbal emotional cue processing, competent emotional interactions and
emotional communication (Halberstadt, Denham, & Dunsmore, 2001; Scherer, 2003).
Misinterpreting, for example, “playful sarcasm as hurtful criticism”, can lead to tension in
interpersonal relationships, decrease social support, and increase probability and severity of
mood symptoms (Deveney et al., 2012, p. 262). Previously an understudied field of
psychopathology, particularly in children, more findings are appearing on impaired affective
prosodic processing and expression in psychiatric populations, such as adults with major
depressive disorder, schizophrenia, bipolar disorder (Bozikas et al., 2007; Kan, Mimura,
Kamijima, & Kawamura, 2004; Mitchell, Elliott, Barry, Cruttenden, & Woodruff, 2004;
Murphy & Cutting, 1990; Péron et al., 2011; Uekermann, Abdel-Hamid, Lehmkaemper,
Vollmoeller, & Daum, 2008). Furthermore, comprehensive nonverbal emotion identification
training may be a promising adjunctive treatment for enhancing functional outcomes of
people with psychopathology (Deveney et al., 2012; Horan et al., 2011). To date, very few
studies have examined the relationship between mood or behavioural disorders in children
and receptive and expressive emotional prosody.

Most recently, one study examined the association between internalising symptoms
(i.e., depression and anxiety) and adolescents’ ability to recognise vocal social-emotional

expressions by youth (Morningstar, Dirks, Rappaport, Pine, & Nelson, 2017). Fifty-seven
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children between the ages of 8 and 17 (M = 12.62, SD = 2.66), 28 with anxiety and 29
without, were asked to identify the intended emotion in youth actors’ (11 — 15 years, M

= 13.60 years, SD = 1.43) portrayal of seven basic emotions: anger, disgust, fear,
friendliness, happiness, meanness, and sadness (Morningstar, Dirks, & Huang, 2017). The
sentence content was socially relevant but neutral in emotional content and was designed to
apply to all expressions, such as “Why did you do that?”, “I was just trying to be nice”, “I
didn’t know about it”, and “You shouldn’t have done that” (Morningstar et al., 2017, p. 3).
Two important findings surfaced from this study. Firstly, prosody recognition improved with
age, confirming previous studies that found the ability to accurately identify vocal emotional
cues continues to develop throughout childhood (Allgood & Heaton, 2015; Chronaki,
Hadwin, Garner, Maurage, & Sonuga-Barke, 2014; Egan, Brown, Goonan, Goonan, &
Celano, 1998; Sauter, Panattoni, & Happé, 2013). Secondly, depressive symptoms, but not
anxiety symptoms, were related to poorer recognition of vocal expression of happiness and
anger. This study confirms the results of an earlier investigation into the accuracy of
receptive prosodic speech recognition in 38 school-aged boys, half of whom had received a
depression diagnosis (Emerson, Harrison, & Everhart, 1999). Participants were asked to
identify happy, sad, angry and neutral prosodies within congruent and incongruent verbal
statements, such as “All the puppies are dead” stated in both happy and sad tones. The
children with depression consistently had more difficulty identifying both congruent and
incongruent affective prosody than the boys without depression. Children with depression not
only experience problems with receptive emotional prosody, but also expressive emotional
prosody. A recent study (Cummins et al., 2015) suggests that acoustic speech analysis and
classification could be used as early identification of adolescents showing early signs of
major depression up to two years before they meet the criteria for the full-blown disorder.

Receptive emotional prosody problems were not, however, found in children with
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externalising disruptive behavioural symptoms. Compared to chronically ill children and
typically developing children, children with attention deficit hyperactivity disorder,
oppositional defiant disorder, conduct disorder, or comorbid combinations thereof, were not
less accurate in decoding verbal and non-verbal emotional stimuli (Egan et al., 1998). These
phenotypic differences in expressive and receptive emotional prosody may reflect different
brain/behaviour mechanisms in children with mood disorders, such as DMDD, compared to
children with externalising disruptive behavioural disorders and may offer more support for
the notion that a distinct nosological category is warranted. As DMDD is associated with a
current or later diagnosis of depression, this study sought to explore whether differences in
expressive prosody exist in children with DMDD compared to controls by analysing and
comparing voice recordings of both groups.

Another prerequisite for adaptive social-emotional functioning is the ability to
regulate one’s assessment of, and behaviour towards, others in a manner that is appropriate to
the context, a construct that Ochsner (2008, p. 53) refers to as “context-sensitive regulation”.
According to Leibenluft (2011, p.8), context-sensitive regulation can be measured by using
“response reversal paradigms”, in which subjects must alter their reactions in accordance
with varying stimulus-reward contingencies. Individuals who are slower to extinguish or
change old, no longer rewarded responses (i.e., response reversal) may be more likely to
experience frustration, and consequently, to exhibit aggressive or irritable behaviour (Blair,
2010). The neural structures involved in reactive aggression include the amygdala (which, as
mentioned earlier, is also central to detection and interpretation of non-verbal cues that may
directly or indirectly signal threat in the environment), the hypothalamus, and the
periaqueductal grey, which is mediated by the frontal cortex. From this perspective, deficits
in response reversal or the underlying neural mechanisms may explain the irritability and

anger seen in DMDD. Two studies support this hypothesis. Dickstein et al. (2007) and
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Dickstein et al. (2010) found that participants with severe mood dysregulation and bipolar
disorder differed from non-cases in response reversal performance, although it is not yet clear
whether the neural circuits mediating these differences vary between groups.

Dickstein et al. (2007) examined the cognitive flexibility (i.e. the ability to adapt to
changing contingencies) in children with narrow-phenotype bipolar disorder (n =50, M =
13.1 years, SD = 2.9 years), severe mood dysregulation (n =44, M = 12.2 years, SD = 2.1
years), and healthy controls (n =43, M = 13.6 years, SD = 2.4 years). Simple and compound
reversal stages of an intra- and extradimensional shift task and change task (which involves
inhibiting a prepotent response and substituting a new response) were compared. Children
with narrow-phenotype bipolar disorder were significantly more impaired than children with
severe mood dysregulation and healthy control participants on the simple reversal. On the
compound reversal, both groups performed worse than the control group. On the change task,
narrow-phenotype youths were slower to adapt than the children with severe mood
dysregulation. This work suggests that children with severe mood dysregulation, and by
extrapolation DMDD, are slower to extinguish or change old, no longer rewarded responses,
which may explain why they are more prone to experience frustration, and consequently, to
exhibit aggressive or irritable behaviour. However, it does not explain the neural basis for this
deficit. Furthermore, various limitations, such as age differences between groups (children
with severe mood dysregulation were significantly younger than those with bipolar disorder
and control participants), the use of psychotropic medication that affect cognitive flexibility,
mood state heterogeneity (both patient groups were presented in a variety of mood states),
and comorbidity necessitate the need for further comparative studies of larger samples to
determine to which degree cognitive flexibility is a trait or state deficit in children with

severe mood dysregulation.
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Extending this research, reversal learning deficits in children with bipolar disorder (n
= 35) were also compared to other patient groups, specifically those with anxiety disorders (n
= 42), major depressive disorder (n = 18), and severe mood dysregulation (n = 35), as well as
healthy controls (n = 35; Dickstein et al., 2010). To address the limitations of previous
research, the 165 participants, between the ages of seven and 17, in the five groups were age-,
Q- and sex-matched. The main finding was that, compared to typically developing children,
impaired probabilistic learning was present in youths with bipolar disorder and major
depressive disorder (p = 0.07, Cohen's d = 0.89). Similar deficits were not seen in children
with severe mood dysregulation, however, due to the significant effect size (p = 0.13, Cohen's
d = 0.74) the researchers speculated that this might have been due to a type Il error. Anxiety
youths did not differ significantly from typically developing controls and because the effect
size was small, it was not considered the result of a type Il error. These findings are limited
by the use of psychotropic medication and small sample size of the major depressive disorder
group. While all the children in the control, anxiety and major depressive disorder groups
were medication-free, only 20% of the bipolar group and 54% of the severe mood
dysregulation youths were not on medication. This means that the researchers could not
perform an adequately powered comparison of the unmedicated groups (Dickstein et al.,
2010). Further research exploring the effects of psychotropic medication on probabilistic
learning in paediatric populations is warranted, as one study showed that differences exist in
adults taking the selective serotonin reuptake inhibitor (SSRI) citalopram and those taking the
noradrenaline reuptake inhibitor (NRI) atomoxetine (Chamberlain et al., 2006).

Leibenluft (2011) proposed yet another hypothesis, which is that chronically irritable
children respond differently to frustrating situations than do their healthy counterparts. Two
studies explored the neural and psychophysiological mechanisms of frustration in children

with severe mood dysregulation using event-related potentials and neuroimaging techniques.
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Rich et al. (2007) found that both children with severe mood dysregulation and bipolar
disorder reported considerably more arousal during a frustration task — an affective Posner
task, which is an attentional task that was altered to manipulate emotional demands and
induce frustration - and showed more impairment in attention than did individuals in the
control group. Using electroencephalography (EEG), a non-invasive measure of cortical
activity, the event-related potentials (ERPSs) of the three groups were compared. Event-related
potentials are time-linked measures of the electrical activity in the brain associated with
information reception and processing, as well as higher level processing. During the
frustration condition, bipolar subjects had significantly lower P300 event-related potential
amplitude, while children with severe mood dysregulation exhibited significantly lower N100
ERP amplitude during emotional and non-emotional tasks compared to those with bipolar
disorder and control subjects. P300, or P3, has positive-going amplitude and is most strongly
measured on the scalp over the parietal areas of the brain. Lower P3 amplitudes suggest
problems with attention, working memory and executive functioning (Van Dinteren, Arns,
Jongsma, & Kessels, 2014). N100, or N1, is a negative deflection measured over the
temporal, central and frontal areas of the brain. Lower N1 amplitude indicates deficiencies in
the initial stages of attention (also referred to as attention orienting; Hillyard, Hink, Schwent,
& Picton, 1973). In children with severe mood dysregulation, deficits in attention orienting
were similar to those reported in children with ADHD, which is not surprising given the high
comorbidity between the two disorders. However, little data exists on the nature of these
deficits in severe mood dysregulation, particularly in the context of emotional stimuli
(Leibenluft, 2011).

Using the Emotional Interrupt Task, which measures how attention is affected by
positive, negative or neutral distracters, Rich et al. (2010) found that participants with severe

affective and behavioural dysregulation (n =41, M = 12.6 years, SD = 2.6 years) showed
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significantly lower attentional interference from emotional stimuli than those with bipolar
disorder (n =57, M = 14.4 years, SD = 2.9 years) or non-case control comparisons (n = 33, M
=13.7 years, SD = 2.5 years). This blunted response may contribute to the dysregulation of
mood and behaviour in these children (Rich et al., 2010a). These findings are contradicted by
results from a study by Brotman et al. (2010). When asked to focus on non-emotional aspects
instead of emotional aspects (i.e. rating how wide the nose is compared to how hostile the
face is or how afraid the subject is of the face on the image) of 32 grey-scale images of adult
faces (eight happy, eight angry, eight fearful, eight neutral), participants with severe mood
dysregulation (n =29, M = 12.94 years, SD = 1.91 years) exhibited decreased left amygdala
activation relative to bipolar (n = 43, M = 14.81 years, SD = 2.66 years), ADHD (n =18, M =
13.87 years, SD = 1.91 years) and control groups (n = 37, M = 13.73 years, SD = 2.72 years)
when completing subjective fear ratings of neutral faces during the nose-width and fixation
trials. This suggests that children with severe mood dysregulation have trouble directing their
attention away from emotional stimuli. While the first study suggests the absence of
performance modulation by emotional stimuli youth with severe mood dysregulation, the
discrepancy in findings may be explained by the fact that the amygdala receives information
about the emotional significance of a stimulus promptly and prior to attention or awareness,
but that these children also do show an attentional bias to fearful facial expressions in humans
(Anderson et al., 2003; Hommer et al., 2014; Morris et al., 1998; Ohman, 2002; Romanski &
LeDoux, 1992; Vuilleumier et al., 2001; Whalen et al., 1998). The exact nature and extent of
the deficits in attention-emotion interactions merit further research attention, as such
interactions may play an integral part in the regulation of emotional and behaviour
(Leibenluft, 2011).

Apart from brain studies, the influences of genetics on juvenile irritability have also

been explored. Data from a prospective four-wave longitudinal twin study (n = 2620) suggest
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that genetics effects on irritability are present from middle childhood through to young
adulthood, with patterns varying in males and females. Males were more influenced by
genetics as they grew older, while genetic contributions in females were quite substantial in
early life but lessened in importance with age (Roberson-Nay et al., 2015). Further insight
into genetic factors related to irritability may enhance our understanding of the
psychopathology and treatment of DMDD.
Treatment

There are no established guidelines for the treatment of DMDD as empirical evidence
for the effective treatment of DMDD is limited and several clinical trials are still underway. It
is probable that, as with most psychiatric disorders in children, multimodal interventions may
produce the best results. Currently, pharmacological treatment recommendations rely on
established treatments for disorders with similar symptomology (i.e., anger outbursts and
irritability), including ADHD, ODD and depressive disorders. Potential pharmacological
treatments include stimulants, anticonvulsants, antidepressants, antipsychotics, and mood
stabilisers (Carlson, Potegal, Margulies, Basile, & Gutkovich, 2010; Connor, Glatt, Lopez,
Jackson, & Melloni, 2002; Dickstein et al., 2009; Donovan et al., 2000; Driver & Thomas,
2018; Kim & Boylan, 2016; Moreno et al., 2007; Rosato et al., 2012; Tapia & John, 2018;
Tourian et al., 2015; Waxmonsky et al., 2008). As DMDD have biological pathways in
common with ADHD (Riglin et al., 2017) and anxiety/depressive disorders (Savage et al.,
2015), and often are comorbid with these disorders, medication aimed at treating these
comorbidities should be considered first (Driver & Thomas, 2018). Selective serotonin
reuptake inhibitors (SSRIs) and stimulants are therefore frequently used as first-line
pharmacological treatment of DMDD.

The use of stimulants to treat aggression and irritability that are frequently seen in

children with ADHD have been studied and a meta-analysis has been done to determine the
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effect size thereof. A review of literature from 1970 to 2001 revealed 28 studies meeting
inclusion/exclusion criteria for meta-analysis and revealed that the effect size for aggression-
related behaviours in ADHD is similar to those for the core symptoms of ADHD (Connor et
al., 2002). Long-acting methylphenidate treatment was also found to significantly improve
irritability and related emotional symptoms associated with DMDD in children with
comorbid ADHD (Winters, Fukui, Leibenluft, & Hulvershorn, 2018). Effect sizes for the use
of SSRIs as treatment for irritability in children and adolescents were, however, small (Kim
& Boylan, 2016).

Several atypical antipsychotic medications, such as risperidone, aripiprazole and
olanzapine, have shown to be efficacious in the treatment of irritability in autism spectrum
disorders and severe mood dysregulation in children without autism (Stigler & McDougle,
2008). A recent study in Taiwan found that a combination of aripiprazole and the stimulant
methylphenidate is well tolerated and significantly improved irritability, externalising
symptoms, depression, anxiety, attention, social problems, and reaction time variability in
children with DMDD and comorbid ADHD (n = 24; Pan, Fu, & Yeh, 2018). However, due to
the significant side effects of these agents (e.g., weight gain, extrapyramidal symptoms and
metabolic syndrome) they should be used with caution (Driver & Thomas, 2018).

Anticonvulsants are also sometimes prescribed to treat irritability and aggression, but
only one trial demonstrated the effectiveness of valproic acid as treatment for explosive
temper and mood lability in disruptive children and adolescents (N = 20; Donovan et al.,
2000). The effect size of this study was underpowered and the study is usually not included in
any meta-analysis (Tourian et al., 2015). Lithium did not show to have any beneficial effects
in the treatment of children with severe mood dysregulation (Dickstein et al., 2009). While
some medications may be useful in the treatment of DMDD, the use of pharmacology alone

is not recommended (Gisunterman, Cohn, & Weizman, 2018).
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The conceptualisation of chronic irritability as the response to frustrative non-reward
and threat, and the subsequent identification of the neurobiological correlates of DMDD,
have led to novel treatments aimed at altering the circuitry by changing the responses to such
stimuli (Driver & Thomas, 2018). Early studies indicated that behavioural modification
treatment (n = 33, M = 8 years, SD = 2.1 years), cognitive behavioural therapy for affect
regulation and parent-training intervention for recurring for managing recurrent defiant
behaviours (N =7, M = 8.7 years, SD = 1.6 years) were promising adjunct treatment
modalities in children with ADHD and severe mood dysregulation (Waxmonsky et al., 2008;
Waxmonsky et al., 2013). Computer training aimed at training hostile interpretation bias to
shift judgements of ambiguous facial expressions from predominantly angry to
predominantly happy seemed to decrease irritability and changing activation in the lateral
orbitofrontal cortex (Stoddard et al., 2016). One pilot randomised trial assessed the
preliminary efficacy of interpersonal psychotherapy (IPT) for mood and behaviour
dysregulation, an adapted version of IPT for depressed adolescents, and found that IPT
reduced outbursts and irritability and improved interpersonal interactions in children with
DMDD between the ages of 12 and 17 (N = 19; Miller et al., 2018). Similarly, group therapy
focussing on emotion regulation education was found to decrease emotive derangement and
irritability in students with DMDD (Sheybani, Mikaeili, & Narimani, 2018). These and other
ongoing studies that focus on the neurobiological and social mechanisms that mediate chronic
irritability and angry outbursts will hopefully engender novel and effective treatment
regimens for the newly defined disorder.

The definition of the new diagnostic category was intended to address the needs of
youths that are severely impaired by their chronic, volatile irritability and anger and don’t
satisfy all the criteria for the DSM-IV (APA, 2000) diagnostic categories and thus have not

received appropriate treatment (Axelson, 2013; Lochman et al., 2015). Its addition to the
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DSM-5 (APA, 2013) was met with criticism from the professional community, who
expressed reservations about the limited research upon which the category is based
(developed mainly from research on severe mood dysregulation, with which there is only
partial overlap), the high degree of similarity and comorbidity between DMDD and other
disorders (i.e., oppositional defiant disorder), the possibility of further contributing to
increased rates of mental health diagnoses and medication use among children, and emerging
evidence of limited reliability (Lochman et al., 2015). Axelson et al. (2012) raised concerns
about the utility of the new category when they found that it was difficult, if not impossible,
to distinguish DMDD from oppositional defiant disorder or conduct disorder. Disruptive
mood dysregulation disorder also had limited diagnostic stability (only 19% of children
initially diagnosed with DMDD met the criteria at 1- and 2-year follow-ups) and was not
associated with current, future-onset, or parental history of mood or anxiety disorders.
Moreover, apart from a few studies on the neural correlates of the disorder (Blair, 2010;
Brotman et al., 2006; Brotman et al., 2010; Dickstein et al., 2007; Dickstein et al., 2010;
Leibenluft, 2011; Rich et al., 2007; Rich et al., 2008; Rich et al., 2010b; Stringaris et al.,
2009), little is known about the aetiology of these symptoms or how the family, social and
other environmental factors contribute to the development of DMDD.

While the debate on the use of chronic irritability as a distinct category or rather a
symptom or specifier of other disorders continues, it is imperative to understand the
mechanisms involved in emotion regulation to find ways to minimise the impairment these
children experience. To this end, it is necessary to consider the concept of emotion and

emotion regulation.
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Chapter 3: Emotion and Emotion Regulation

The ability to regulate emotion and emotion-related behaviour is critical to adaptive,
healthy psychosocial functioning and consequently has received significant attention first in
developmental and child psychology (e.g., Barret & Campos, 1987; Campos, Campos, &
Barrett, 1989; Dodge, 1989; Fox, 1989; Kopp, 1982; Kopp, 1989; Kopp & Neufeld, 2003;
Rubin, Coplan, Fox, & Calkins, 1995; Thompson, 1991; Thomson, 1994) and later in adult
psychology literature (e.g., Carstensen, Fung, & Charles, 2003; Diamond & Aspinwall, 2003;
Gross, 2002; Hay & Diehl, 2011; Lawton, 2001; Kim et al., 2013; Ong & Bergeman, 2004,
Tamir, 2011; Zimmermann & lwanski, 2014). The origins of the scientific inquiry into the
regulation of emotion lie in the early and fundamental theories of emotion, such as the James-
Lange (James, 1884; Lange, 1887), Cannon-Bard (Cannon, 1927), and Schachter—Singer
(Schachter & Singer, 1962) theories of emotion. These theories, which evolved from
Darwin’s (1872) work, formed the foundation for many subsequent theories that focussed on
the management of anxiety and the nature of psychological defences, stress and coping;
attachment and the social construction of emotion (Averill, 1980; Davidson, 1984; Ekman,
1984; Fridja, 1986; lzard, 1972; lzard, 1977; Lang, 1979; LeDoux,1984; Panksepp, 1982;
Plutchik, 1980; Scherer, 1984). The field of emotion regulation emerged as an independent
field in the mid-1990s (Gross, 2002; Gross, 2015; Tull & Aldao, 2015). Extensive research in
this area has produced diverse perspectives and an extraordinary body of knowledge on the
nature of emotion regulation spanning various subfields of psychology, including
developmental, social, and clinical psychology, and, more recently, cognitive and affective
neurosciences and psychophysiology (e.g., Aldao, Nolen-Hoeksema, & Schweizer, 2010;
Banks, Eddy, Angstadt, Nathan, & Phan, 2007; Chang, Schwartz, Dodge, & McBride-Chang,
2003; Cole, Michel, & Teti, 1994; Cummings & Davies, 1996; Diamond & Aspinwall, 2003;

Eisenberg, 2000; Eisenberg et al., 1995; Eisenberg et al., 2001; Goldin, McRae, Ramel, &
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Gross, 2008; Gratz & Roemer, 2004; Gross. 2001; Gross, 2015; Gross & Mufioz, 1995; lzard,
1990; Koole, 2009; Lopes, Salovey, Coté, Beers, & Petty, 2005; Rubin et al., 1995; Shields &
Cicchetti, 1997; Tamir, 2011). Despite the ubiquitous interest in the nature of emotion and
emotion regulation, the conceptualisation and definition of these psychological constructs,
and consequently, the research conducted, depend heavily on the paradigm from which it is
approached. Any discussion on the nature of emotion regulation, however, presupposes a
comprehension of what is denoted by the term emotion. Two of the most influential
contributors to contemporary thinking about the nature of emotion are Charles Darwin and
William James.
Theories of Emotion

In his book, The Expression of the Emotions in Man and Animals (1872), Darwin
concluded that emotions, like physical structures, evolved to serve specific functions and
helped the organism prepare for action. In particular, Darwin emphasised the communicative
function of emotions via a range of postural, facial, vocal and other non-verbal cues. These
communications, he argued, motivated and regulated social behaviour in a way that is both
adaptive and appropriate to environmental demands and so increased the organism’s chances
of survival (Darwin, 1872). Darwin’s work formed the foundation for many subsequent
researchers, most notably Ekman (1957, 1984, 1992a, 1992b, 1999), Izard (1972, 1977),
Tomkins (1962), Plutchik (1980) and LeDoux (1984, 1992, 1996), who continued to develop
his ideas from an evolutionary perspective. Whereas Darwin was mostly interested in the
expression of emotion, James was more concerned with the experience of emotion (James,
1884).

James also acknowledged the evolutionary contributions to the nature of emotion but
focused primarily on the relationship between physiology and subjective state. According to

James (1884), emotions are adaptive physiological and behavioural response tendencies that
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are elicited by evolutionary significant stimuli. The bodily changes, James suggested,
followed “directly the PERCEPTION of the exciting fact" (James, 1884, p. 189). While these
tendencies are often expressed, they are not always, indicating the individual’s capacity to
regulate their emotional response tendencies. James’ view that feeling states are associated
with innate and distinct patterns of autonomic nervous system arousal, which today would be
considered a psychophysiological perspective, still guides contemporary theories on the
nature of emotion, such as non-cognitive, somatic feedback, and perceptual theories of
emotion (e.g. Damasio, 1994, 1996, 2001; Prinz, 2004a, 2004b; Robinson, 1995, 2004,
Zajonc 1980, 1984).

Up until the early 1980s, the focus of emotion research was primarily on the structural
or form aspects of emotional processes (Campos et al., 1989; Holodynski & FriedImeier,
2006). According to the structuralist paradigm, emotion is a discrete state denoting a
“reaction to an emotion-specific cause” (Holodynski & Friedlmeier, 2006, p. 13). Emotional
behaviour, in turn, is viewed simply as “a readout of internal feeling states or of central
nervous system programs” (Witherington & Crichton, 2007, p.628). This conceptualisation
considers emotion to be exclusively intrapersonal. The basic premise of this approach is that
each emotion comprises of an objective (i.e., physiological and/or expressive) component and
a subjective or experiential component, with the latter depending on the internal perception of
the former (Holodynski & Friedlmeier, 2006). Arnold (1960) elaborated James’ concept of
perception to include the process of appraisal, which she considered "direct, immediate, non-
reflective, non-intellectual, [and] automatic™ (Arnold, 1960, p. 174) judgments of events in
the environment as good or bad. Researchers in the structuralist tradition are interested in
topics such as the identification of primary emotions, how emotions are expressed in the face
and body (including posture, gaze, prosody and gestures), the neurophysiological and

cognitive underpinnings of emotions, and the cross-cultural universality of emotions (e.g.,
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Ekman, Friesen, & Ellsworth, 1972; Izard, 1977; Panksepp, 1982, 1998; Rolls, 2002;
Tomkins, 1962). Structuralist theories have advanced our understanding of the constituent
processes involved in emotion and emotional development, but have been criticised for
reducing emotion to a mere derivative of perceptual and cognitive processes. The critique
also included viewing emotion regulation as purely a consequence of physiological and
cognitive maturation, as well as underestimating the reciprocal influence of emotion on the
internal and external environment (Bornstein, Arterberry, & Lamb, 2013; Campos et al.,
1989). These limitations prompted the expansion of emotion research to analyse not only its
form but also its function in the individual’s activity regulation within his or her environment
(Holodynski & Friedlmeier, 2006).

Pivotal to functionalist theories is the conceptualisation of emotions as complex
multicomponent, adaptive systems best organised, not around autonomic signatures,
neurological patterns or facial prototypes, but rather around the functions they serve (Saarni,
Campos, Camras, & Witherington, 2006; Witherington & Crichton, 2007). The components
involved depend on the specific functionalist theory, but typically entail the individual’s
goals and objectives, the context-specific events that affect those goals, the individual’s
appraisals of the event’s significance in terms of his or her goals, and the expressive and
behavioural actions used to sustain or alter the relationship between the organism and the
environment (Witherington & Crichton, 2007). Functionalists view emotional development
as shifts in some or all of these components, such as novel ways of appraising environmental
events or the attribution of different or new significance to the organism-environment
relationship. Modifications may also include the development of new goals and the new ways
of coping with and working towards these goals, and different ways of communicating affect
to other individuals (Barrett & Campos, 1987). The functionalist approach views the

relationships between the components, rather than the elements themselves, as fundamental
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to emotion and the development thereof (Witherington, Campos, & Hertenstein, 2001).
Within this view, social encounters offer the most significant contexts for practising the
strategies of emotion regulation. The efficiency of these abilities is contingent on the
responses of social partners and the demands of the social environment, as they are pertinent
to the individual’s goals (Thompson, 1994).

Functionalist definitions of emotions stem, in part, from ethological theories, which
emphasised the adaptive function of emotion in human evolution (Bornstein et al., 2013). It is
not the distinctive facial expression or physiological arousal that distinguishes one emotion
from another, but the functional relationship between the environment and the individual
(Witherington & Crichton, 2007). The focus is on action and action tendencies, and emotion
is seen to have both intrapersonal and interpersonal regulatory effects. For example, joy
motivates a person to continue his or her activity, while simultaneously indicating to others
the desire to maintain interaction.

Campos et al. (1989, p. 395) succinctly capture the functionalist orientation when
they described emotions as “processes of establishing, maintaining, or disrupting the relations
between the person and the internal or external environment, when such relations are
significant to the individual”. According to Gross and Thompson (2007), emotion is a person-
situation transaction that demands attention, is evaluated to be immediately relevant to
currently active goals, and results in a coordinated yet flexible whole-body, multisystem (i.e.,
physiological, experiential and behavioural) response to the ongoing person-situation
transaction. These responses or changes are what Gross and Jazaieri (2014) refer to as
emotional reactivity. The emotion often changes the situation that prompted the response, to
begin with, demonstrating the reciprocal relationship between emotion and the environment.

Gross and Thompson (2007) refer to this as the modal model of emotion (see Figure 3).
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Figure 3. The Modal Model of Emotion. Note: From “Emotion Regulation: Conceptual Foundations,”

by J.J. Gross and R.A. Thompson, 2007, in Handbook of Emotion Regulation (p. 6). J.J. Gross (Ed.),

New York, NY: Guilford Press. Reprinted with permission of Guilford Press.

From a functionalist perspective, events may become meaningful to the individual in
various ways (Campos et al., 1989). The event may be directly relevant to the individual’s
goals or objectives, which may be diverse and changing, transient or enduring, central or
peripheral to one’s sense of self. Objectives and goals may be conscious and complex or
unconscious and simple, widely understood/shared or idiosyncratic (Gross, 2007; Thompson,
1994). Additionally, events may carry meaning because of the emotional messages from
social partners (i.e., facial expressions, prosody or gestures) or the hedonic quality of the
stimulus (i.e., people are often, but not always, motivated to avoid pain or seek pleasure or be
soothed). Regarding intrapersonal processes, emotion may influence a person’s perception,
cognition and motivation (i.e., it is linked to executive functions), causing an adjustment in
one’s evaluation of a situation and therefore altering behaviour. Interpersonally, emotions
function to regulate or guide an individual’s action tendencies and actions (i.e., facilitating
them when appropriate or desirable, redirecting them when needed, and preventing them
dangerous or inappropriate), as well as elicit similar emotional states from others in the
environment (i.e., social referencing and emotional contagion). Individuals read and interpret
emotional cues from others and adjust their emotional expression and behaviour to achieve

their social objectives. Emotion can also foster emotional bonding and attunement when
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brought about by the approval of the social cues from others or result in repulsion by
emotional rejection and abuse (Campos et al., 1989). Finally, emotion also regulates reactions
to the environment that may be biologically and/or psychologically adaptive (Bornstein et al.,
2013), with each adaptive encounter posing unique demands and bringing about unique
“action-in-context processes” (Witherington & Crichton, 2007, p.631).

Functionalist theories of emotion stressed the importance of emotion in the
preparation of necessary behavioural responses, regulation of attention and decision-making
processes, enhancement of memory for significant events, and the facilitation of interpersonal
interactions (Gross & Thompson, 2007). Functionalism was instrumental in the evolution of
psychology by shifting the focus from the subjective to the objective in the study of emotion,
behaviour and cognitive processes, and still predominates modern research on emotion (e.g.,
Beauchaine & Zisner, 2017; Farb, Chapman, & Anderson, 2013; Hutcherson & Gross, 2011,
Keltner & Gross, 1999; Lench, Bench, Darbor, & Moore, 2015; Panksepp, 2011, 2016;
Porges, 1997; Weisfeld & Goetz, 2013), along with constructionism (Beauchaine & Haines,
2019).

Constructionists maintain that what humans perceive as discrete emotions are not
determined by specific regions in the brain, but constructed in the moment through highly
individualised memory and learning processes. This perspective asserts that emotions and
other experiential states, such as perception and cognition, are the products of interactions
between core sensory and neural networks, which we interpret, categorise, and infer meaning
from based on prior experiences (Barrett, 2009, 2017b; Mandler, 2013; Russell, 2009).
Constructionism distinguishes between core affective processes and emotions (Beauchaine &
Haines, 2019). Core affective processes refer to general feelings of valence (pleasure or
displeasure) and activation (calm to high activation), whereas emotions are more specific

feeling states, such as anger, fear and shame, which can be described in terms of valence and
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arousal (Barret, 2016; Ekman & Cordaro, 2011; Lindquist & Barrett, 2012). Constructionist
theories of emotion are limited by their reliance on research using functional magnetic
resonance imaging, which has poor temporal resolution, to falsify their core propositions
(Beauchaine & Haines, 2019). Constructionists, on the other hand, have criticised
functionalists for non-falsifiable teological arguments regarding the adaptive evolution of
emotion, especially given that evolutionary biologists had relinquished the notion of
purposeful design more than a century ago (Barrett, 2017a). Further critiques are aimed the
locationist basic emotion perspective (functionalists link neural structures and networks to
particular emotional states) and the extent to which animal research furthers our
understanding of emotional states and processes in humans. While acknowledging that these
criticisms warrant considerations when evaluating functionist theories, proponents of
functionalism maintain that functionalism is often oversimplified and misconstrued, and that
it is in fact compatible with, and informs, constructionism (Beauchaine & Haines, 2019; Farb
etal., 2013; Gross & Feldman Barrett, 2011). Both functionism and constructionism have
provided key insights into emotion and continue to further our understanding of how
emotions either enhance or undermine effective, adaptive psychosocial functioning (Gross,
2015; Thompson, 1994). Emotions are unhelpful when they are inappropriate to the situation,
disproportionate in intensity level, or problematic in frequency, providing the impetus to
monitor, evaluate and modify our emotional reactions.
Emotion Regulation and Dysregulation

The burgeoning interest in the research of emotion regulation underscores the
acknowledgement that emotional responses are rich, complex processes that vary
significantly between individuals and of which discrete emotion is only a component. With
the paradigm shift from structuralism to functionalism came renewed interest in James’

observation that response tendencies are not obligatory. While emotions can be disruptive
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and demand awareness, a quality Frijda (1986) calls “control precedence”, they compete with
various other processes and can be modulated using executive functions (such as “hot” and
“cold” processing) in a number of ways (Hongwanishkul, Happaney, Lee, & Zelazo, 2005;
Poon, 2018; Prencipe et al., 2011; Roiser & Sahakian, 2013; Zelazo & Carlson, 2012).
Despite the abundance of papers published on this topic, there is a lack of consensus among
researchers and theorist on the conceptualisation and definition of the term emotion
regulation. Nonetheless, it is possible to extract aspects that various definitions have in
common (Thompson, 1994).

Definitions focus either on the role of emotion in regulating internal processes (e.g.
attention, memory and action readiness) and social communication, enabling the individual to
respond promptly to environmental demands, or they emphasise the way in which emotions
are regulated (e.g. cognitive control, internalisation of social expectations). Some definitions
stress both aspects. Cole et al. (1994, p.76), for example, define emotion regulation as “the
ability to respond to the ongoing demands of experience with the range of emotions in a
manner that is socially tolerable and sufficiently flexible to permit spontaneous reactions as
well as the ability to delay spontaneous reactions as needed”. Thompson (1994) offers a more
comprehensive definition: “Emotion regulation consists of the extrinsic and intrinsic
processes responsible for monitoring, evaluating and modifying emotional reactions,
especially their intensive and temporal features, to accomplish one’s goals”. Included in this
definition are numerous features of emotion regulation processes: emotion regulation may
entail the maintenance, enhancement, inhibition, or dampening of emotional arousal and
incorporate both self-management and other-management strategies (Thompson, 1994).
Although it may affect the discrete emotion that is experienced, most often emotion
regulation affects the temporal and intensive aspects of emotion.Finally, emotion regulation

is functional in terms of the individual’s objectives for a specific event or situation. Gross and
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Thompson (2007) offer a complementary model that distinguishes, and provides an
organising principle for, the regulatory processes that influence emotion generation at various
points of the emotion generation process. According to the process model, adaptive
regulation requires three crucial factors. Firstly, emotional awareness, which appears to
increase the array of accessible regulation strategies, as well as the flexibility with which they
are employed. Secondly, emotion-regulation goals, in other words, maintaining, augmenting
or diminishing the extent or intensity of emotion experience and expression, or physiological
arousal. Lastly, emotion-regulation strategies (see Figure 4), which involve situation
selection, situation modification, attentional deployment, cognitive change and response
modulation. In any given cycle of emotion-generation, an individual moves from left to right
through the model as a function of time, but it is not uncommon to engage in behaviour that

involves various strategies, as opposed to just a single strategy, during a cycle.
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Figure 4. A Process Model of Emotion Regulation that emphasises five families of emotion regulation
strategies. Note: From “Emotion Regulation: Conceptual Foundations,” by J.J. Gross and R.A.
Thompson, 2007, in Handbook of Emotion Regulation (p. 10). J.J. Gross (Ed.), New York, NY:

Guilford Press. Reprinted with permission of Guilford Press.

Gross and Jazaieri (2014) consider the adaptive quality of emotion regulation to be

dependent on the context, the individual and the specific emotion, but not all theorists agree.
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There is considerable disagreement as to whether the term emotion regulation should refer
only to adaptive or optimal functioning or whether it should also include a lack thereof (i.e.,
maladaptive emotion regulation). Restricting the term to only include optimal functioning
overlooks emotion regulation in at-risk or clinical populations and contributes to the
perception of positive emotions as “good” and negative emotions as “bad” (Cole et al., 2014).
In fact, Kopp (1989) asserts that negative emotion and discomfort, in particular, is
unavoidable and can be beneficial as it serves as the motivation for the infant to learn to
modulate and tolerate negative emotion experiences in order to maintain physiological and
psychological homeostasis. Similarly, Bridges, Denham, and Ganiban, (2004) maintain that
all emotional regulation is adaptive in as far as it allows individuals to function within their
environments. Over time, individuals develop stable styles of emotion regulation, which may
later become maladaptive and, if not flexible enough to respond to changes in the
environment, could lead to emotion dysregulation.

Emotion dysregulation are standard regulatory processes that operate in a
dysfunctional manner and involve a cost that is evident in impairment or limitation of
functioning (Cole, Martin, & Dennis, 2004). Emotion dysregulation includes emotion lability,
blunted affect, high levels of emotional distress, inappropriate affect, the predominance of
one emotion, and lack of emotional awareness. While it may fill a defensive or
communicative function for the individual in a particular context, difficulty in regulating
emotion increases the risk of externalising problem behaviour (i.e. aggressive and disruptive
behaviour), problematic interpersonal relationships, and psychopathology later in life
(Beauchaine, 2015a; Keenan, 2000).

In a longitudinal study of 440 children, both male and female, between the ages of
two and seven, children with higher levels of emotion regulation evidence exhibited

decreases in their subsequent externalising behaviour. This sample was, however,
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overselected for externalising behaviour problems, and thus might not be representative of
community samples (Blandon, Calkins, Grimm, Keane, & O’Brien, 2010). Another study of
56 two-year olds found that toddlers who are prone to anger or frustration and lack emotion
regulation skills, whether their own or with the help of caregiver practices, were more likely
to display conflict-oriented behaviours in early interactions with peers. Some of these
behaviours, such as venting and aggression, were infrequent though, and were to be expected
in a typical middle-class sample. It was also not clear whether these behaviours were
representative of the children’s typical behaviour or were limited to the testing environment,
nor whether the distress/venting interaction was the result of extreme emotional reactivity or
lack of emotion regulations strategies, or both. Data was generated using a small, middle-
class sample in two brief laboratory sessions, so generalisability to other situations and
populations is limited (Calkins, Gill, Johnson, & Smith 1999). Emotion regulation was also
found to predict problematic behaviour, of which was influenced by differences in
temperaments. A sample of 68 four-year olds was classified as either introverted or
extroverted, based on observations of their interaction with peers. Ratings of emotion
regulation and emotional and behavioural problems were also acquired from their mothers.
Introverted preschoolers who were emotionally dysregulated, exhibited more internalising
problems, whereas extroverted preschoolers who were emotionally dysregulated, had more
externalising problems, such as disruptiveness (Rubin et al., 1995). However, comparisons
were drawn between extreme groups of children. For instance, those who were highly
emotionally reactive and also poor soothers, were contrasted with children who were
emotional unreactive and also good soothers. Subsequently, no inferences could be made
about how soothability and reactivity interact to produce maladptive outcomes.

Increasingly, data from older children suggests that emotion dysregulation is not only

associated with the onset of mental health problems, but is also a risk factor for the



59

development of psychopathology. In a large, diverse sample of adolescents, emotion
dysregulation (measured by three distinct processes of emotional understanding, dysregulated
expression of sadness and anger, and ruminative responses to distress) predicted increases in
anxiety symptoms, aggressive behavior, and eating disorders after controlling for baseline
symptoms at two points over a period of seven months. Emotion regulation did not predict
depressive symptoms. On the contrary, not one of the four forms of psychopathology
predicted increases in emotion dysregulation after controlling for baseline emotion
dysregulation (McLaughlin, Hatzenbuehler, Mennin, & Nolen-Hoeksema, 2011). However,
the findings of this study are limited by reliance on self-reported symptoms of
psychopathology and emotion regulation. The study also only measured three aspects of
emotion regulation, while other aspects of emotion regulation, such as management of fear,
might also be relevant to risk of psychopathology (Mennin, Heimberg, Turk, & Fresco,
2005). Similarly, in a study of 314 third- and seventh-grade children (ages 8 to 12), children
with a ruminative response style displayed increases in depressive symptoms over a period of
6 weeks. The association between rumination and increase in depressive symptoms was not
moderated by intial levels of such symptoms, which suggests that rumination, an aspect of
emotion dysregulation, predicts the onset of childhood depression (Abela, Brozina, & Haigh,
2002). A limitation of this study is that it also relied on self-reported measures of depressive
symptoms. In addition, it only focussed on rumination, which is likely only one of many
factors that play a role in the etiology of depression. While more research is necessary to
establish the predictive role of emotion dysregulation, it seems likely that emotion
dysregulation contributes to the development of mental health disorders and that, by
implication, the development of emotion regulation processes and functioning may serve as a

protective factor over the lifespan.
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Several elements appear to shape the development of emotion regulation processes
and functioning over the lifespan. These elements are biobehavioural processes, individual
differences in temperament, developmental level and factors external to the individual that
facilitate emotion regulation (e.g., social context, past social experience and learning, belief
systems, situational factors, and culture; Calkins & Hill, 2007; Campos, Frankel, & Camras,
2004; Thompson, 2011; Thompson, Lewis, & Calkins, 2008).

The development of emotion regulation involves maturational changes in various
related processes, including physiological arousal, neurological activation, attention
processes, cognitive appraisal or attributional processes, and action tendencies. Underlying
these processes are structures of nervous system organisation that have evolved to maintain
homeostasis through the interaction between excitatory and inhibitory mechanisms (Shipman,
Schneider, & Brown, 2004; Thompson, 1994). As human infants, like most mammals, are
altricial, several of these structures are functionally immature at birth. The infant, therefore,
depends on the caregiver’s mature nervous system to compensate for its underdeveloped
nervous system, creating a model of “symbiotic regulation” (Porges, 2011, p. 281). The
caregiver supports the biobehavioural needs of the infant (e.g., food, warmth and protection)
and the infant’s behaviours trigger specific physiological processes (e.g., the release of
oxytocin) in the caregiver to foster a bond, provide emotional comfort for, and support the
health of, the caregiver (Porges, 2011). Despite the dominance of extrinsic emotion
regulation in the first few months, even very young infants are equipped with an innate, yet
limited, emotional repertoire to alleviate distress in the temporary absence of caregivers and
protect them from overwhelming physiological arousal. Kopp (1989, p. 344) refers to them as
“preadapted” or “biologically derived species-typical” programs. Examples of such self-
soothing techniques include gaze aversion, head turning, eye closing, tactile stimulation, and

non-nutritive sucking (Kopp, 1989; Thompson, 1994). There are, however, major constraints
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to the immature infant’s self-regulation strategies: Firstly, levels of arousal need to be
comparatively low for the infant to manage discomfort on its own. Secondly, emotion
regulation at this age is not planned or monitored, which means any regulation strategy that
the infant can employ is recruited. Lastly, the infant is unable to address the cause of its
distress, and therefore primarily relies on the adult to regulate its environment and
experience, including emotion and state organisation (Cole et al., 1994; Kopp, 1989). Failures
in this process of co-regulation of emotion can lead to enduring patterns of emotion
dysregulation (Cole et al., 1994). Malfunctions in the co-regulation process may be the
consequence of troubled and vulnerable relationships (e.g. dysfunctional parenting and
environments) or caregiver and infant characteristics (e.g. parental psychopathology,
temperament, discrepancy between infant’s resources for emotion regulation and that which
the situation demands, such as autism, visual impairment, and the like). In the first few years
of life, the progressive maturation of the autonomic, cognitive and motor systems allows for
the transition from other or extrinsic regulation to a higher degree of self or intrinsic
regulation (Gross & Thompson, 2007; Porges, 2011). Most mammals, however, continue to
rely on social interaction (i.e. trusting friendships and supportive, loving partnerships) for
optimal state regulation and wellbeing. The infant-caregiver dyad provides the context for the
socialisation of emotion regulation.
Attachment and Emotion Regulation

A considerable amount of the research on the development of emotion regulation
skills and prosocial behaviour focuses on the construct of attachment (i.e., the quality of the
affective bond between infant and caregiver), which is derived from traditional attachment
theory, particularly the Bowlby/Ainsworth theory of attachment (Ainsworth, 1978; Bowlby,
1958, 1969). The underlying supposition of attachment theory is that humans are biologically

disposed to form close emotional bonds to maintain proximity to the caregiver and so
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increase the probability of survival (Bowlby, 1958; Cassidy, 1994; Pietromonaco & Barrett,
2000; Main, 1990; Saarni, 1999). During the first year, and based on repeated daily
experiences with the caregiver, the infant develops of mental representations of “self” and
“others”, referred to as “working models”. Working models help the individual understand
and predict the environment, engage in behaviour that promotes survival (such as seeking and
maintaining proximity to an attachment figure), and create a psychological sense of perceived
safety (Bretherton, 1985). From this perspective, emotion organises the security or insecurity
of the caregiver-infant relationship, which is then internalised as a working model and taken
into subsequent relationships (Bretherton, 1985; Pietromonaco & Barrett, 2000). During early
life, the development of adaptive emotion regulation patterns is dependent on adequate,
responsive and reciprocal social interactions (Cole et al., 1994; Porges, 2011).

The emotional communication between the primary caregiver and the infant provides
the framework for the child’s understanding and organising of affective experience. The
infant whose caregiver responds sensitively to a range of affective signals most of the time,
without selective ignoring, is more likely to be securely attached and communicate his or her
emotions openly, actively, and flexibly to the parent. The child, therefore, experiences
negative affect (e.g. fear and anger) as tolerable and useful in alerting the caregiver during
times of distress, and not as intolerable or threatening. Positive emotions experienced during
the interaction with the parent function to communicate the infant’s desire to maintain the
relationship. The caregiver’s sensitive responses enhance the child’s sense of efficacy in
regulating his or her own feeling states. These infants develop flexible emotion regulation in
response to changes in the environment, without systematically distorting or hiding emotions.
Certain attachment-related experiences, however, may contribute to the minimisation or

heightening of emotion (Cassidy, 1994).
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In her seminal “Strange Situation” study, Ainsworth (Ainsworth & Bell, 1970)
illustrated the profound effects of attachment style on behaviour. During the study,
researchers observed the behaviour of 12- to 18-month old toddlers who were introduced to
laboratory playroom with their mothers, where they were later joined by a stranger. While the
stranger played with the infant, the mother left briefly, and then returned. During a second
separation, the infant was left completely alone, and then joined first by the stranger and then
the mother. Upon reunion with their mothers, some children displayed ambivalence - while
seeking contact, they angrily kicked or swiped at the mother. Another group had avoided the
mother, although they had often searched for her during separation. Analyses of the data
revealed that both these groups of children had less harmonious relationships with their
mothers at home than those who sought proximity, contact or interaction upon reunion. Based
on these observations, Ainsworth (Ainsworth & Bell, 1970) defined three attachment styles:
secure attachment, ambivalent-insecure attachment, and avoidant-insecure attachment. Later,
Main and Solomon (1986) expanded Ainsworth’s attachment classification by suggesting that
when activation of the attachment system regularly results in rejection, the infant develops a
strategy (i.e. avoidant-insecure attachment style) that minimises attention to the attachment
relationship. Thus, the importance of the parent as a source of comfort, as well as his or her
apparent need for the caregiver, is diminished. The infant achieves this by minimising
negative emotions, such as distress, anger or sadness to maintain sufficient proximity to the
attachment figure to ensure protection. In contrast, a minimally or inconsistently available
caregiver results in an emotion regulation strategy that increases the infant’s bid for attention
(i.e., insecure/ambivalent attachment style). The child amplifies the importance of the
attachment relationship and exhibits extreme dependence on the caregiver. To this end, the
infant heightens negative emotionality as a strategy to gain the parent’s attention. This

heightening of negative emotionality may be chronic and exaggerated, as the infant realises
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that allowing him- or herself to be soothed and calm in the presence of the attachment figure
may jeopardise contact with the frequently unavailable parent (Cassidy, 1994). One such
strategy is exaggerated fearfulness in response to comparatively benign stimuli, which
increases the probability of obtaining the attention of the inconsistently available caregiver in
the case of actual danger and increases the likelihood that the child’s attachment needs will
be met. Attention regulation may contribute to this process in that the child selectively
attends to the threatening aspects of the environment (Main & Hesse, 1990). This kind of
strategy may become dysfunctional if the negative emotionality is so ubiquitous that it
jeopardises the continuation of the relationship or interferes with other developmental tasks
(Cassidy, 1994). Consequently, the heightened negative emotionality (i.e., the chronic
irritability or anger and frequent temper outbursts) that define DMDD may be interpreted as
an emergent property of an insecure-ambivalent infant-caregiver dyad. This interpretation
poses an alternative explanation for the attention bias to angry faces in children with severe
mood dysregulation offered by Thomas et al. (2014). It is also conceivable that the
internalisation of an insecure/ambivalent working model may contribute to the poor peer and
social functioning seen in children with DMDD. These are questions that the current study
seeks to investigate.

While the Ainsworth classification system (Ainsworth et al., 1978) provides some
insight into developmental psychopathology, Porges (2003b) argues that this attachment
schema only forms a small component of social behaviour and that traditional attachment
theories fail to articulate the mechanisms that mediate social engagement between
individuals. The polyvagal theory of emotion provides a plausible explanation of how
physiological state restricts the range of affective and behavioural experience, and hence,
determines contingent social behaviour. Although the theory has features that could be

interpreted as structural (neurophysiological and neuroanatomical) and functional (adaptive
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within changing environmental demands), Porges (2015, personal communication) maintains
that the polyvagal theory informs both structural and functional theories of emotion. The next

chapter provides an overview and critique of Porges’ (Porges, 1995, 1997, 1998, 2001)

polyvagal theory.
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Chapter 4: The Polyvagal Theory

The polyvagal theory (Porges, 1995, 1997, 1998, 2001) relates the evolution of the
mammalian autonomic nervous system to affective experiences and processes that are key
components of social behaviour. The theory suggests that physiological state determines, and
therefore limits, the experience and expression of emotion and social behaviour. Specifically,
it emphasises the role of the bidirectional communication between the heart and the brain, via
the vagus nerve, in affective and behavioural state regulation. While the systematic
investigation of the body-brain connection in the expression of emotion forms the scientific
basis of modern psychophysiology, the notion of a dynamic and reactive interface between
physiological and psychological processes dates back to the 19th century. Porges’ theory
builds on the revolutionary work of scientists, such as Darwin, Bernard, James, and Jackson
(Porges, 1995; Porges, 1997; Van der Kolk, 2014).

Darwin speculated that many facial expressions and emotions are evolutionary
remnants of earlier survival activities, with the purpose of initiating a physiological and
behavioural response that would serve survival (Valent, 1998). Rage and terror particularly,
he suggested, foster the mobilisation behaviours necessary for “fight or flight”. Although he
could not identify the exact neurophysiological mechanisms associated with emotion, Darwin
did acknowledge the dynamic feedback loop between specific structures of the brain and the
peripheral organs, especially the heart, through the “pneumogastric” nerve (which was later
renamed as the vagus nerve), to facilitate the autonomic activity linked to emotions (Porges,
1995). Similarly, Bernard viewed the heart as the source of afferent stimulation to the brain,
capable of contributing or changing emotional state (Porges, 1995). Walter Cannon later
extended Darwin’s description of rage and terror to include sympathetic-adrenal excitation to

prime the animal for fight or flight in the face of perceived threat or danger (Valent, 1998).
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Autonomic Substrates of Emotion

Due to its capacity to mobilise, Cannon’s assumption that the sympathetic nervous
system is the primary physiological constituent of the autonomic nervous system involved in
emotion was generally accepted by researchers who followed (e.g., Ax, 1953; Ekman,
Levenson, & Friesen, 1983; Levenson, Ekman, & Friesen, 1990; Schachter, 1957; Schachter
& Singer, 1962). The autonomic nervous system innervates smooth muscles and glands and
maintains visceral processes, such as cardiovascular activity and internal thermoregulation
(Brodal, 2010; Porges 2003). It is commonly described as a balance system consisting of two
components, the sympathetic and parasympathetic nervous systems, which are structurally
and functionally distinct and react to environmental stimuli in an antagonistic manner.
Mainly, the sympathetic nervous system, together with the hypothalamic-pituitary-adrenal
(HPA) axis, fosters increased metabolic output to deal with external challenges (such as
dangerous or life-threatening situations). In contrast, the parasympathetic nervous system
calms the visceral state and contributes primarily to vegetative and restorative processes, such
as digestion and reproduction, and conservation of physical energy by slowing the heart rate.
For example, to prepare the individual for the muscular reaction necessary to fight back or
run away, the sympathetic nervous system rallies the energy reserves of the body: the pupils
dilate; heart rate, blood pressure, and breathing rate increase; and blood vessels constrict.
Blood is directed away from the intestines to make more oxygenated blood available to the
skeletal muscles, heart, lungs and brain and other bodily functions, such as peristalsis, are
inhibited. Even blood clotting function is altered: platelets change shape to become stickier to
prevent excessive blood loss should injury occur during the process. The parasympathetic
nervous system, in turn, quickly restores the normal state of the body once the danger passes:
pupils are constricted; heart rate, blood pressure and breathing slow down; and normal bodily

functions resume (Brodal, 2010; Porges, 2011).



68

This “sympathetic-centric” (Porges, 2011, p. 1) theory of the physiological covariates
of emotion focuses on the balancing antagonism between the two efferent divisions of the
autonomic nervous system on the visceral organs. This approach minimises the importance of
visceral feedback to the brain and the influence of the vagus nerve, which is the key
component of the parasympathetic nervous system, in the regulation of psychological and
behavioural state (Porges, 1995). This arbitrary distinction, Porges argues, also disregards
other important aspects, such as the interaction between the sympathetic and parasympathetic
processes; the dynamic and adaptive nature of the autonomic nervous system; and the
interface between the autonomic nervous system and the environment. More contemporary
psychophysiologists have revisited Darwin and Bernard’s theory on the role of the dynamic
feedback between the heart and the brain in self-regulation at cognitive, emotional, social,
and even health, levels (e.g., Beauchaine & Thayer, 2015; Diamond, Fagundes, &
Butterworth, 2012; Eisenberg et al., 1995; Kemp & Quintana, 2013; Kok et al., 2013;
McCraty & Shaffer, 2015; Porges, 1995; Thayer, Hansen, Saus-Rose, & Johnsen, 2009).

The Polyvagal Theory of Emotion

One such theory, the polyvagal theory (Porges, 1995, 1997, 1998, 2001), expanded
the sympathetic-centric view of the autonomic nervous system in order to provide further
insight into the complex reciprocal interaction between the autonomic nervous system and the
social environment, and its implications for emotion and behaviour.

The polyvagal theory (Porges, 1995, 1997, 1998, 2001) was developed to provide a
neurophysiological model for understanding complex psychophysiological processes, such as
attention and emotion. The theory posits that the mammalian autonomic nervous system has
evolved from that of more primitive vertebrates, such as reptiles, to support interactional
social behaviour. Specifically, the theory is concerned with the phylogenetic modifications in

the neural regulation of the heart by the vagus nerve and how these changes have evolved to
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enable specific adaptive responses (Porges, 1995). The mammalian vagal system differs from
that of earlier vertebrates in important ways: firstly, the vagus is not a single nerve as initially
thought, but a number of pathways stemming from various areas of the brainstem. Its several
branches carry out different roles in visceral function regulation and may have antagonistic
outputs to the same organ. The vagus does not, however, only convey motor information
from the brain to the organs (called efferent pathways); it also relays sensory information
from the organs to the brainstem (called afferent pathways). In fact, about 80 percent of the
vagus is comprised of afferent fibres. The vagus is lateralised, originating in right and left
regions of the brainstem, and asymmetrical (i.e. the right and left sides execute different
functions). The polyvagal theory originated from the identification of two
neurophysiologically and neuroanatomically distinct branches of the vagus nerve that
developed sequentially (Denver, 2004; Porges, 2011). Porges (2011) used the term
“polyvagal” to emphasise the different functional capacities in visceral regulation and areas
of origin in the brainstem of these two vagal pathways.

In mammals, the primary efferent vagal fibres originate from two distinct areas in the
brainstem: the dorsal motor nucleus (DMNX) in the dorsomedial medulla and the nucleus
ambiguus (NA) in the ventrolateral reticular formation (Porges, 2011). Mammalian studies
show that these vagal nuclei may have separate central connections and perform independent
functions. The fibres from the DMNX are unmyelinated and mostly project to structures
below the diaphragm (such as the stomach and intestines), while the fibres from the NA are
myelinated and mainly project to target organs above the diaphragm (such as the larynx,
oesophagus, bronchi and heart). Myelin is composed mainly of fat (70-85% lipid) and forms
a sheath around nerve fibres to insulate the nerves electrically and facilitate selective and
rapid neural transmission (Porges, 2015). While vagal pathways from both the DMNX and

the NA may influence the heart (i.e., vagal tone), in mammals the primary influences are
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from the myelinated fibres originating in the NA (the right side). In reptiles, however, these
nuclei are still connected. Porges (1995) argues this is the phylogenetic result of different
environmental challenges and survival strategies. Reptiles are slow movers and passive
feeders, and as such, their metabolic demands, and consequently cardiac output, are much
lower than that of mammals. Mammals actively forage and hunt and adapt to their
environment and thus have a metabolic demand four to five times that of reptiles. Due to
these differing demands, mammals and reptiles use different vagal strategies to ensure
survival (Barbas-Henry & Lohman, 1984; Else & Hulbert, 1981; Regal, 1978).

Reptiles use vagal efferents from the DMNX to the heart. Due to their reduced
capacity to produce energy, vagal control of the heart is low during unchallenging situations,
as this would further lower energy production. In response to novelty or threat in the
environment, reptiles orient and immobilise - they “freeze” all gross motor activity or stay
under water for extended periods of time. During these times, vagal influences to the heart
via the DMNX are increased and heart rate is slower than during periods of breathing and
other motor activities. Reptiles thus have low ambient vagal tone and temporary increases in
vagal tone in response to external demands (Jacob & McDonald, 1976).

Mammals, in turn, use NA vagal efferents and these influences to the sinoatrial node
of the heart (the heart’s pacemaker, which is set faster than resting heart rate) are most
profound during unchallenged situations to constrain the energy potential of their metabolic
system. When faced with external threats or demands, including metabolically taxing states
such as stress, exercise, attention and information processing, vagal inhibition to the heart is
actively withdrawn (Friedman & Thayer, 1998; George et al., 1989; Kashdan & Rottenberg,
2010; Thayer, Friedman, & Borkovec, 1996) to increase metabolic output. This tonic slowing
of heart’s pacemaker earned the myelinated vagus its nickname of “vagal brake” (Porges,

2001). It should be noted that heart rate can be influenced by various factors, including
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activation of the sympathetic nervous system. However, sympathetic nervous system
influences on heart rate can take up to several seconds, whereas the vagal brake can be
withdrawn almost instantly (Saul, 1990).

Depending on the context, the vagal brake promptly inhibits or disinhibits vagal
influences to the heart to calm or mobilise the individual. In other words, by regulating the
physiological state, the vagal brake allows the individual to quickly interact with or withdraw
from the environment, while minimising the metabolic cost of the slower sympathetic
nervous system (Appelhans & Lueken, 2006; Porges, 2007). Although this mobilisation
response is immediate, it is limited. Should the challenge be prolonged or the intensity of the
mobilisation be increased, the sympathetic nervous system is activated (Porges, 2011).

While both reptiles and mammals respond immediately to changes in their
environment (called the orienting reflex), only mammals have the additional behavioural
option to attend to these changes with sustained attention (to process information) or facial
expression and vocalisation (to encourage communication), called neuroception.

Neuroception

Congruent with attachment theorists, such as Ainsworth (1978), Bowlby (1958) and
Main (1990), Porges (2015) maintains that humans have a biobehavioural need for safety and
social connectedness in their quest for survival. In order for mammals to survive, they must
be able to discern whether individuals and situations are safe, dangerous or life-threatening,
and communicate and engage with their social unit. The nervous system continually appraises
environmental risk by processing information through the senses. However, it is not only the
absence of threat or presence of physical safety that induces a feeling of safety. In order to
feel safe and calm neural defence systems, the nervous system requires a unique set of cues
that indicates that features of safety are present. The human nervous system is profoundly

sensitive to subtle emotional shifts in others. Minute changes in the muscles of the face and
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the angle of the head indicate if the other individual is relaxed, tense, suspicious, scared,
angry, etc. and trigger appropriate internal state adjustments in the observer (Van der Kolk,
2014). This unconscious process, called neuroception (Porges, 2004), may occur involve the
subcortical limbic structures of the brain (such as the amygdala), which then interprets and
relays the signals to the cortex of the brain for higher level cognitive processing (Morris et
al., 1999; Ohman, 2002). Neuroimaging techniques, such as positron-emission tomography
(PET) and functional magnetic resonance imaging (fMRI) have helped to identify the
structures involved in this process. Areas of the temporal cortex, fusiform gyrus, and superior
temporal sulcus are involved in detecting social cues that indicate whether an individual is
safe or a threat (Adolphs, 2010; Sprengelmeyer et al., 1998; Winston et al., 2002). The
detection of the presence of safety or absence of risk and communication between these areas
of the temporal cortex and the amygdala then trigger neurobiological processes that facilitate
three hierarchical defence strategies. These survival strategies are supported by three
phylogenetically organised subsystems.
Phylogenetic Subsystems

The polyvagal theory (Porges, 1995, 1997, 1998, 2001) suggests that evolution
produced a human nervous system that consists of three distinct neural subsystems (see Table
2), each associated with one of the three major adaptive strategies: the dorsal vagal complex
(DVC), the sympathetic nervous system, and the ventral vagal complex (VVC). The most
primitive system, the DVC, is associated with immobilisation strategies (i.e., passive
avoidance behaviours, including behavioural shutdown, fainting, and death feigning) and
provides neural regulation via the DMNX. The sympathetic nervous system is linked to
mobilisation strategies (i.e., active avoidance behaviours, such as fight-flight behaviours and
tantrums). The VVC is behaviourally related to social engagement (i.e., visceral regulation,

gaze, facial gestures, vocalisation, listening) and is associated with the mammalian



73

myelinated vagus, which provides neural regulation via the NA. In this hierarchy, the most
recent subsystem (the VVC), associated with prosocial behaviour, is activated first. If this
subsystem does not provide safety, the primitive subsystems are employed sequentially

(Porges, 1995).

Table 2

Three Phylogenetic Stages of the Polyvagal Theory

Phylogenetic ANS Behavioural Function Lower Motor
Stage Component Neurons
i Myelinated Social communication, self- Nucleus ambiguus
vagus soothing and calming, inhibit
sympathetic-adrenal influences
I Sympathetic- Mobilisation (active avoidance, Spinal cord
adrenal inhibit dorsal vagal influences)
I Unmyelinated Immobilisation (death feigning, Dorsal motor nuclei
vagus passive avoidance) of the vagus

Note: From “The Polyvagal Theory: Neurophysiological Foundations of Emotions, Attachment,

Communication, and Self-Regulation (1st ed.)” by S.W Porges, 2011.

The development of this complex system serves to support an increasingly complex
social life and enables the organism to react to the environment and others in an adaptive
way. Essentially, it tells the individual whether she needs to protect herself, for example
when being approached by a stranger, or whether it is safe to engage. When the environment
is perceived as safe, the system is responsible for two important functions of the mammalian
autonomic nervous system: firstly, the tonic regulation of visceromotor components to
conserve bodily resources for the maintenance of visceral homeostasis, which furthers growth
and restoration. This is achieved by increasing the influences of the NA vagal efferents to the

heart, or applying the vagal break, to reduce heart rate, increase the depth of breathing, inhibit
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the defensive mechanisms of the sympathetic nervous system, subdue the stress responses of
the HPA axis, and reduce inflammation by modulating immune responses. This basically
temporarily “shuts down” the brain’s natural vigilance to facilitate physical and emotional
intimacy with others, which Porges refers to as “immobilisation without fear” (Carter, 1998;
Insel & Young, 2001; Porges, 1998). Secondly, the vagal system regulates the somatomotor
components involved in social engagement (i.e., the striated muscles of the head and face that
control gaze, facial expression, prosody, head gesture, listening). According to the polyvagal
theory, the increased neural complexity is an evolutionary by-product that expands the
organism’s behavioural and affective repertoire (Porges, 1997) and provides an organising
principle for human emotion and behaviour (Porges, 2011). From a polyvagal perspective,
prosocial behaviour — engagement, attachment and formation of social bonds — depends on
the vagal brake’s regulation of the visceral state and can only occur when our neuroception
accurately assesses the environmental cues as being safe.
The Social Engagement System

The polyvagal theory places social relationships central to our understanding of
mental health, stating that safe connections to and reciprocal engagement with others are
fundamental to optimal wellbeing. It suggests that humans seek to calm neural defences by
detecting features of safety and that through evolutionary processes, social connectedness
evolved as a fundamental biological necessity (Porges, 2015). This quest begins during
infancy with the need for soothing and caregiving and continues throughout the lifespan with
needs for social relationships to effectively co-regulate. All mammals, including humans, are
social beings and hardwired to function as members of a tribe: they group together to
reproduce, nurture infants, coordinate food acquisition activities, and defend against mutual
enemies (Van der Kolk, 2014). The more effectively the VVC regulates arousal, the better

attuned the physiology of each individual will be to that of other members of the tribe. To
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effectively attune to and engage with others, a range of visceromotor and somatomotor
functions are required (Porges, 2003a), such as a calm and relaxed visceral state (i.e., being
pleasurably aroused), proper social orienting, the ability to maintain eye contact, attend to and
interpret facial expressions and gestures, attend to and interpret vocalisations and language,
assess the other person’s emotions and intentions and initiate an appropriate verbal and non-
verbal response, such as returning a smile, nodding in agreement, or frowning in empathy
(Graziano & Derefinko, 2013). Collectively, these physiological and neural processes, and
their related structures (i.e., the vagal brake and special visceral efferents), are labelled the
social engagement system (SES; Porges, 2001). This system was proposed to understand
deficits in spontaneous social behaviour: many psychiatric disorders involve difficulties in
creating effective and satisfying relationships or regulating arousal, such as regularly
becoming enraged, overexcited, disorganised or shut down, and usually a combination of
both (Van der Kolk, 2014). The social engagement system thus offers a mechanism to explain
the integrated neural feedback loop that both regulates social and emotional functioning, and,
in turn, may be regulated by social behaviour (Porges, 2003b).

During embryological development, components of the vagus nerve and four
adjoining cranial nerves (V, VII, IX, and XI) develop together to form the foundation for a
social engagement system (Porges, 2001; 2003b). The system comprises of a control
component, the corticobulbar pathways, which stem from the frontal cortex (i.e., upper motor
neurons) that regulates the nuclei that originate in the medullary structures (i.e., lower motor
neurons) to control behaviours that are involved in the detection, expression, and subjective
experience of affect and emotions (see Figure 5).

These functions include regulation of the visceral organs (e.g., heart, bronchi, thymus
via cranial nerve X), head-turning muscles (e.g., orientation and social gesture via cranial

nerve XIl), facial muscles (e.g., eyelid opening, emotional expression via cranial nerves VII
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and V), middle ear muscles (e.g., extracting of human voice from background sounds via
cranial nerve VII), pharyngeal and laryngeal muscles (e.g., vocalisation and intonation via

cranial nerves I1X and X), and mastication muscles (e.g., sucking, swallowing and salivation

via cranial nerve V).
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Figure 5. Schematic representation of the Social Engagement System. Note: From “The
Polyvagal Theory: Neurophysiological Foundations of Emotions, Attachment, Communication,

and Self-Regulation (1st ed.)” by S.W Porges, 2011.

Together, these muscles operate as a filter that limits social stimuli (e.g., eye contact,
facial expression, tone of voice) and with the vagal brake determine engagement or
disengagement with others and the environment (Porges, 1998). The regulation of the vagal
brake either promotes calm, self-soothing states that support social engagement or support

mobilisation (fight or flight). During states of mobilisation, the vagal brake and behaviour
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elements of the social engagement system are not readily available. The polyvagal model
proposes that a readily accessible and well-functioning social engagement system is
imperative for physiological state regulation, as well as the initiation and maintenance of
social engagement and also interprets dysregulated arousal and emotion (a common feature of
psychiatric disorders) as a failure of the phylogenetically newer vagal system (Beauchaine et
al., 2007).

Developmentally, the newer system (i.e., the myelinated vagal system) develops last,
leaving it most susceptible to damage and most sensitive to environmental influences
(Porges, 2011). Myelination of the vagal motor fibres in humans starts in the course of
gestation at about 28 weeks and continues rapidly during the last trimester. VVagal fibres
continue to myelinate throughout the first year postpartum and reaches a level similar to those
of adults at around one year of age (Pereyra, Zhang, Schmidt, & Becker, 1992; Porges, 2015).
One of the most important functions of the myelinated vagus is to down-regulate sympathetic
arousal in order to foster calm biobehavioural states necessary for the establishment of social
bonds (Porges & Furman, 2011).

Close proximity is critical for social interaction, which depends on the ability to
reduce physical distance through voluntary behaviour (Porges, 2003b). If the establishment of
social bonds was solely contingent on voluntary motor behaviour, the young infant, with
immature neural regulation of the spinal motor pathways and thus limited ability to move
away from or toward the caregiver, would be greatly disadvantaged. However, in mammals,
not all muscles are regulated by corticospinal pathways. The corticobulbar pathways that
control the striated muscles of the face and head are sufficiently developed at birth to express
and receive social cues from the caregiver. The infant can thus effectively reduce or increase
social proximity through social communication (i.e., facial expressions, eye gaze,

vocalisation and head orientation).
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As discussed in Chapter 3, the infant relies on the caregiver to regulate both
biobehavioural and affective state. The polyvagal theory provides an unequivocal model of
how physiological states relate to emotion regulation (both self- and other regulation) and
social behaviour. Environmental cues that elicit feelings of safety (e.g., a mother’s melodic
vocalisations, which signal her calm state and her safe and supportive presence) have the
potential to recruit the most recent of the three subsystems (i.e., the ventral vagal pathways)
that facilitate the prosocial behaviours of the social engagement system (Porges, 2015). The
cues of safety are detected by the infant’s higher cortical structures, which inhibit the infant’s
defence systems and dampens sympathetic influences to the heart in order to foster a calm
behavioural state. Regulation of the muscles of the face and head are also enhanced to enable
reciprocal social interactions between the infant and the caregiver. These reciprocal
interactions function as “neural exercises” (Porges, 2015, p.119) between infant and
caregiver’s social engagement systems, allowing for the use of social communication to co-
regulate and build the infant’s capacity to self-regulate and form relationships with others to
co-regulate through the lifespan. Certain factors, such as deficits in the visual and auditory
systems, or psychopathology of the caregiver, can result in a lack of opportunities for these
reciprocal interactions. In terms of emotion regulation theory (discussed in Chapter 3), such
failures in the process of co-regulation alter the emotional and social profile and development
of the infant (Cole et al., 1994). Children who are in a physiological state of defence, such as
children with DMDD, are at risk of misinterpreting cues of risk and safety, and are more
likely to exhibit defensive behaviour (e.g., aggression and tantrums).

Various studies (e.g., Beauchaine, 2001; Calkins & Dedmon, 2000; Calkins,
Graziano, & Keane, 2007; Calkins & Keane, 2004; Graziano, Keane, & Calkins, 2007; Leary
& Katz, 2004; Mezzacappa et al., 1997; Musser et al., 2011; Pine et al., 1998; Porges,

Doussard-Roosevelt, Portales, & Greenspan, 1996) support the neurobiological model of
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social-emotional behaviour proposed by the polyvagal theory (Porges, 1995, 1997, 1998,
2001), specifically the premise that robust vagal tone is a “positive” index of emotional
regulation and prosocial behaviour, while attenuated vagal tone seems to point to social and
emotional lability, and in some findings, psychopathology (Graziano & Derefinko, 2013;
Porges, 2007). Research on children with DMDD (discussed in Chapter 2) that indicate
impairments in initial stages of attention, perturbed face-emotion labelling ability and
difficulties in affective prosody labelling (e.g., Guyer et al., 2007; Hommer et al., 2014; Rich
etal., 2007; Rich et al., 2008; Thomas et al., 2014), could be interpreted as deficits in the
social engagement system. This formed the rationale for the current study, which at the time
of writing, is the first study to investigate the role of vagal tone in DMDD.

Numerous studies suggest a link between dampened vagal response and externalising
behaviour problems in children and adolescents, such as aggression, inattention and
hyperactivity. In a sample of 24 infants (12 males and 12 females, ages seven to nine
months), the infant’s ability to regulate the vagal brake was a significant predictor of
behavioural problems at the age of three (Porges et al., 1996). Another study found that two-
year olds who displayed symptoms of aggression and/or disruption showed significantly and
consistently lower RSA suppression during challenging tasks than did toddlers who displayed
few such symptoms (Calkins & Dedmon, 2000). In an ongoing longitudinal study of five-
year-old children with different patterns of behavioural problems, children at risk of
externalising problems exhibited less vagal withdrawal than the control group (Calkins et al.,
2007). Pre-schoolers who were able to regulate RSA showed less emotional negativity, fewer
behavioural problems and better social skills than those without stable suppression of RSA
(Calkins & Keane, 2004). Attention deficit/hyperactivity disorder (ADHD), which frequently
coexists with DMDD, is associated with ineffective and inflexible parasympathetic responses

(RSA) during emotion regulation in children aged 7 to 9 (Musser et al., 2011). Low vagal
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tone has also been correlated with aggressive behaviour in male children and adolescents
(e.g., Beauchaine, 2001; Mezzacappa et al., 1997; Pine et al., 1998) and higher levels of peer
conflict in children in hostile-withdrawn co-parenting environments (Leary & Katz, 2004).

In contrast, in a study of 341 5% -year-old children, vagal regulation was positively
correlated with higher peer status, facilitated by better social skills in females and better
social skills and fewer behavioural difficulties in males (Graziano et al., 2007). Vagal
regulation was also correlated with emotion down-regulation ability during stressful parent-
child interactions (Gottman & Katz, 2008); and greater emotional expressivity in preschool
children (Cole et al., 1996). A meta-analysis (44 studies, n = 4996) of cardiac vagal control
and children’s adaptive functioning suggests a small positive effect size between vagal
withdrawal and social problems in clinical/at-risk populations consisting mostly of children
with high levels of aggression and/or disruptive behavioural disorders, such as ADHD
(Graziano & Derefinko, 2013).

To summarise, vagal regulation in children is associated with fewer internalising and
externalising problems and better social functioning. It is therefore conceivable that children
with DMDD, who exhibit externalising behaviour and compromised social interactions, could
have attenuated vagal regulation. However, literature in the area of social and emotional
regulation in children has not produced consistent results, with many contradictory findings
(Hastings et al., 2008). For example, in pre-school and primary school-aged children, both
ambient RSA and reactive RSA were positively (Dietrich et al., 2007), negatively
(Beauchaine et al., 2007) or non-significantly (Calkins et al., 2007) associated with
externalising problems in children. Across these studies there is no significant overall
correlation between cardiac vagal control and social functioning (Graziano & Derefinko,
2013). These incongruent findings have raised many questions about the validity of the

polyvagal theory (Grossman & Taylor, 2007) and its ability to translate theory into practice
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(Hastings et al., 2008). However, significant heterogeneity in the measurement and
quantification of RSA, particularly RSA reactivity, as a marker of emotion dysregulation and
psychopathology, contributes to these inconsistent findings (Beauchaine & Bell, 2020).

Various tasks conditions have been used to examine RSA reactivity as a biomarker of
emotion dysregulation, including attention allocation tasks (e.g. Suess et al., 1994), problem-
solving tasks (e.g., EI-Sheikh, 2005), negative emotion elicitation tasks (e.g., Crowell et al.,
2005), executive function tasks (Marcovitch et al., 2010), and positive mood inductions (e.g.,
Fortunato, Gatzke-Kopp, & Ram, 2013). However, inferences about physiological markers of
emotion regulation or dysregulation are only valid insofar as these psychological constructs
are elicited (National Advisory Mental Health Council Workgroup on Tasks and Measures
for Research Domain Criteria, 2016). Therefore, inferences about RSA reactivity and
emotion regulation/dysregulation should only be drawn from tasks that evoke strong negative
emotional responses (Beachaine & Bell, 2020).

Studies also vary in terms of RSA quantification, with some using time domain
assessments (such as standard deviation of R-R intervals or mean successive difference in R-
R intervals), while others use frequency domain assessments (such as Fourier transform
analysis and autoregressive spectral analysis; Graziano & Derefinko, 2013). While both
methods offer advantages and disadvantages, contention continues as to how much
respiration confounds RSA as a measure of cardiac vagal tone, particularly across
development. Children breathe at a much faster rate than adults, which means that the
application of inappropriate respiration frequency bands could lead to overestimation of RSA
baselines and underestimation of RSA reactivity. These differences in RSA quantification
may therefore contribute to measurement error in existing data and explain inconsistent or

null findings (Beachaine & Bell, 2020).
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Furthermore, several measurement issues need to be considered when collecting and
interpreting RSA results, including baseline conditions while assessing resting RSA (which is
crucial in the interpretation of RSA reactivity data), ECG sampling rates, ECG equipment
used and placement of electrodes (Beachaine & Bell, 2020; Laborde, Mosley, & Thayer,
2017). A meta-analysis of studies on RSA reactivity in psychopathology found that
adherence to standards published by the Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electrophysiology (1996) resulted in larger
effect sizes (Beauchaine et al., 2019). Non-adherence to these standards and subsequent
measurement error may therefore explain at least some of the inconsistent findings in existing
literature.

Several stable and transient confounding variables affect RSA and need to be
recorded, potentially controlled for, and considered when interpreting RSA data (see
Limitations section; Laborde et al., 2017). Variables that may contribute to the inconsistent or
null findings of studies in children include weight, height and hip ratio (given the variability
in growth during the development phase), cardioactive medication, sleep routine, intensive
physical exercise the day before training, meals and caffeine intake within two hours of
recording ECG, and needing to use the bathroom.

Finally, differences in social context might also explain these inconsistencies (Hasting
et al., 2008). In order to investigate this, Hastings et al. (2008) studied preschool-aged
children’s neuroception and subsequent physiological responses in familiar social contexts
with ambiguous threat presentation, such as interaction with unfamiliar peers. Data collection
for this study was conducted during two sessions. For the first session, each family was
visited in their home, where children's baseline RSA was recorded, and the parenting
behaviours of the mothers and fathers were observed during parent—child interactions and

assessed via self-report. Six to ten months later, families were assessed in a laboratory.
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Children were assigned to groups of three unfamiliar same-age, same-sex playmates. Each
child and mother arrived separately and were escorted to a small room, where the child was
fitted with the cardiac monitor. Following a baseline RSA recording, the group of three
children was brought together for free-play in a playroom. The children's social group RSA
were measured during the free-play session. Mothers waited in an adjacent room and
completed questionnaire measures of children's self-regulation, as well as externalising and
internalising problems. Children who maintained higher RSA while adapting from a calm
state with their mothers to a social interaction with other unfamiliar children were less likely
to experience difficulties resulting from poor emotion regulation than those who exhibited
more vagal suppression. Children whose mothers exerted more negative control exhibited
poorer vagal regulation during the social challenge, suggesting that social context and
parenting practices may affect children’s physiological mechanisms for self-regulation.
Attenuated parasympathetic regulation in response to social challenge also predicted more
externalising problems and aggressive behaviour in boys than it did in girls, which
substantiates gender models in developmental psychopathology (Zahn-Waxler, Crick,
Shirtcliff, & Woods, 2015). These findings endorse the arguments that vagal regulation is
strongly associated with disruptive behaviour problems, as seen in children with DMDD.
However, the most salient finding from this study was that children’s adjustment was
associated with dynamic vagal regulation only under conditions of ambiguous social
challenge, which suggests that differences in social context (i.e., perceived ambiguity, safety
or threat) may account for contradicting research findings. The current study also required
children to interact in a familiar setting (i.e., school) and in an unfamiliar social context (i.e.,
a strange adult researcher). It was hypothesised that children with DMDD would
unconsciously (via neuroception) perceive threat in the unfamiliar or ambiguous social

context and shift to a physiological state of mobilisation. Future studies on children with
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DMDD could perhaps explore the extent to which ambiguous or unfamiliar social situations
affect vagal regulation in the absence of additional emotionally evocative tasks. From the
aforementioned study, however, it is clear that multiple variables, such as parenting style and
socialisation, also contribute to children’s dynamic vagal regulation.

In adults, higher baseline vagal tone predicts increased social connectedness and
positive emotions (Kok & Fredrickson, 2010), while RSA regulation is negatively correlated
with social anxiety and defensiveness (Movius & Allen, 2005). Similarly, an association
exists between cardio vagal tone and emotion regulation, social interaction and coping in
young adults (Geisler, Kubiak, Siewert, & Weber, 2013). In their first study, there was a
direct correlation between RSA and problem-focused coping strategies (situation and
response control, positive self-directives, and seeking of social support) and facets of social
well-being. In their second study, RSA predicted reduced use of emotion-focused coping
strategies (acceptance and avoidance) to regulate negative affective responses and increased
employment of socially adaptive emotion-regulation strategies (such as seeking social
support and making concessions for anger caused by others). Female adults with borderline
personality disorder - a personality disorder characterised by problems in emotion regulation,
behavioural states and relationships - also have difficulties activating the vagal brake in social
situations (Austin, Riniolo & Porges, 2007). In response to film clips of variable emotional
subject matter, the vagal mechanisms influenced RSA only in the control group, which
supports the argument that emotion and behaviour regulation in BPD are linked to problems
in the dynamic regulation of the vagal brake.

The polyvagal theory (1995) has been very influential and significantly furthered our
understanding of the contribution of the autonomic nervous system to adaptive and
maladaptive behaviour. However, it is primarily a phylogenetic and functional account of the

vagal system with limited elaboration on developmental and systemic contributions. In terms
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of development, it is mostly related to the integrity of the vagal system in determining the
health outcomes of high-risk infants. Furthermore, its focus is mainly on parasympathetic
functioning, which implicitly minimises the role of the sympathetic nervous system and
potential interactions between the sympathetic and parasympathetic nervous systems
(Beauchaine, 2001).

Bearing in mind that vagal regulation is only one component in a broader model of
autonomic nervous system functioning that affects the ability to self-regulate (Beauchaine,
2001; Porges, 2007), it was assumed that the polyvagal theory would prove useful in the
examination of the physiological underpinnings of, and environmental influences on, DMDD.
To the author’s knowledge, only one study explored the association between DMDD and
RSA in children, which is currently under embargo (Ametti, 2019). This study indicated a
strong, positive correlation between symptoms of dysregulation and non-episodic irritability.
However, low levels of sympathetic responsiveness, and not levels of parasympathetic
responsiveness (which is the focus of the current study) were associated with higher levels of
irritability. The current study therefore contributes to the existing body of knowledge by
examining vagal regulation in children with DMDD in a familiar social context (i.e., school)
with ambiguous threat presentation (i.e., interaction with a strange researcher and emotional
and frustrating stimuli). It proposes that children with DMDD have faulty neuroception,
which misinterprets cues in the environment as threatening, and subsequently, have failure of
the newer phylogenetic vagal subsystem to promote adaptive social functioning.

Research Questions/Hypotheses

For the purpose of the study, the following questions were addressed:

1. Do children with DMDD have lower respiratory sinus arrhythmia (RSA)

amplitude than healthy controls?
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2. Do children with DMDD show reduced speed and accuracy during emotional,
frustrating, and emotion recognition tasks compared to control subjects?

3. Do children with DMDD report more unhappiness and arousal/excitement
following trials that result in punishment and frustration than controls?

4. Do children with DMDD exhibit reduced acoustic modulation compared to
healthy participants?

5. Do children with DMDD differ from controls in terms of self-reported
attachment style?

6. Do parents of children with DMDD report lower levels of social and
communication skills than controls?

7. Do parents report improvements in domains of social and communication

behaviour in children with DMDD as a consequence of medication?

The primary research hypotheses are:
1. Children with DMDD will have significantly lower RSA amplitude
than controls.
2. RSA amplitude would be significantly related to speed and accuracy of
attention shifting and emotion recognition tasks — lower RSA amplitude is
expected to be associated with more errors and reduced reaction time during
emotional, frustrating and emotion recognition tasks in children with DMDD.
3. RSA amplitude would be significantly related to attachment style —
lower amplitude RSA is anticipated to be related to anxious/ambivalent or

avoidant attachment styles.
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4. RSA amplitude would be significantly related to prosody — reduced
RSA amplitude is predicted to be correlated with reduced acoustic modulation

in children with DMDD.
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Chapter 5: Method

The conceptualisation of the new diagnostic category, Disruptive Mood Dysregulation
Disorder (DMDD), resulted from efforts to address the increasing rate of bipolar disorder
among chronically and severely irritable youth who exhibit no symptoms of mania or
hypomania (Dougherty et al., 2014; Lebeinluft et al., 2003). The purpose of this study was to
explore the differences in vagal regulation and behavioural outcomes in children diagnosed
with DMDD compared to non-case control children. Specifically, the study was designed to
answer questions on variability in respiratory sinus arrhythmia at baseline, during and after
emotionally arousing tasks, as well as differences in behavioural and emotional outcomes for
each of these tasks. Further research questions addressed by the study were whether children
with DMDD are distinguishable from healthy participants in terms of acoustic modulation,
attachment style, and social and communication skills. Finally, the research sought to
establish whether parents considered medication to result in improvements in social and
communication behaviour in children with DMDD. This chapter is divided into several
sections addressing the research design, measures, instrumentation, method and ethical
considerations.

Research Design

The nature of the research questions and study aims required a quasi-experimental,
two-group cross-sectional design. It extrapolated from Austin et al. (2007) study, which
examined differences in adaptive shifts in autonomic state in individuals diagnosed with
borderline personality disorder and control subjects while watching movie clips of variable
emotional content. The study found that those with borderline personality disorder ended in a
physical state that supported defensive behaviours, while those in the control group ended in
a physical state that supported social engagement behaviours. Based on their conclusion that

the findings are consistent with other research (Sahar, Shalev, & Porges, 2001; Umhau et al.,
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2002) that demonstrates atypical vagal regulation of the heart in psychiatric disorders, and
because borderline personality disorder shares the core features of DMDD (i.e., emotional
and behavioural dysregulation), it was hypothesised in the current study that children with
DMDD will exhibit a similar response as individuals with borderline personality disorder.

The current research design was also guided by studies on the effect of reward,
punishment, and frustration on attention in paediatric bipolar disorder (Rich et al., 2005) and
the neural mechanisms of frustration in children with severe mood dysregulation, which used
attention orienting and shifting computer programmes to measure between-group differences
in response to affective feedback and frustration (Rich et al., 2010D).

The nature of the study, i.e. the preclusion of randomisation due to DMDD diagnosis,
limited the design to that of non-equivalent groups quasi-experimental research. This
addressed ethical concerns regarding the identification of children who meet the criteria of
DMDD, but who have not yet been diagnosed or treated for their symptoms. A quasi-
experimental design also allows for practical studies in real-world settings, which minimises
threats to ecological validity (White & Sabarwal, 2014). In addition, this alternative design
catered for the anticipated small sample size, in which an even distribution of known and
unknown confounding variables between the intervention and control groups is not
adequately achievable (Harris et al., 2006). This non-equivalent two groups comparison
design enabled the researcher to address the following research aims:

1. To determine whether there were any significant between-group differences in
terms of respiratory sinus arrhythmia (RSA), or vagal tone, and heart period at
baseline and in response to three different measures:

a. The Affective Posner Cueing Task (Perez-Edgar & Fox, 2005)
b. The Dynamic Affect Recognition Evaluation (DARE; Porges, Cohn,

Bal, & Lamb, 2007)



90

c. Prosody or acoustic modulation

2. To ascertain whether any significant between-group differences existed in
behavioural (i.e., response time/latency and accuracy) and/or self-reported and
observed affective (valence and arousal) data during the Affective Posner
Cueing Task.

3. To determine whether there were significant between-group differences in the
accuracy and latency in identifying emotions during the DARE task.

4. To establish whether there was significant variation in prosody between the
two groups.

5. To determine any significant differences in self-reported attachment style
between the groups and whether there was a significant correlation between
attachment style and RSA.

6. To determine whether there was a significant correlation between RSA and/or
heart period and behavioural outcomes of the Posner and DARE tasks.

7. For only the DMDD group, to discover whether a relationship existed between
the number of parent-reported social behaviour and communication skills and
RSA.

A quasi-experimental design does, however, have a number of limitations, one of
which is a threat to internal validity due to the absence of randomisation and the lack of
control over confounding variables. Conclusions about causality are therefore not possible, in
contrast to those of true experimental designs (Campbell & Stanley, 2015; Harris et al.,
2006). These limitations were controlled for by matching control participants as closely to
DMDD participants as possible and by taking confounding variables into account during the

statistical analyses.
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Sample and Sampling Procedure

Purposive sampling was used to obtain the participants who met the criteria for
DMDD and the typically developing children who served as matched controls. Due to the
recent inclusion of this category in the DSM-5, and the niche population group it represents, a
small sample size was anticipated. The final sample consisted of 30 children and adolescents
between the ages of 7 and 13.

Participants were recruited through child and adolescent psychiatrists and
psychologists in private practice, as well as at a government-based out-patient clinic at a
psychiatric hospital in Gauteng. Information letters (Appendices A - D) containing details
about the study, contact details of the researcher and letters of consent and assent were sent to
doctors and psychologists who expressed willingness to assist with the identification of
potential participants. Professionals were asked to briefly discuss the study and significance
of thereof with the parents or guardians. Interested parents or guardians were asked for
permission for the researcher to contact them telephonically. As the professionals had made
the diagnosis of DMDD, there was no need for additional screening.

In total, 21 children who met the criteria for DMDD were identified and contacted. Of
these, four declined participation and two were excluded due to epilepsy and developmental
delay (see Inclusion/Exclusion Criteria). All but two (n = 13) of the remaining 15 had also
been diagnosed with ADHD. Comorbid disorders reported by parents included reactive
attachment disorder (n = 3), bipolar disorder (n = 3), anxiety (n =1), conduct disorder (n =1)
and unspecified mood disorder (n =1).

Control subjects were age-, gender- and ethnicity-matched to the DMDD group and
were recruited from public and private schools in the Johannesburg metropolitan area.
Permission to recruit from these schools was obtained from the Gauteng Department of

Education (see Appendix E) and, in the case of private schools, the principals and governing
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bodies of the schools. Interested parties received an information letter and letters of consent

similar to that of the experimental group.

Table 3 describes the demographic characteristics of the of DMDD and control groups

on the demographic variables of gender, race, age, home language, medical aid, highest level

of education of both parents, presence of ADHD and medication. As testing was conducted in

English, home language data were grouped into English and non-English categories and years

of exposure to English were compared in the statistical analyses. No significant difference in

years of expose to English was found between the control (M = 8.9, SD = 2.2) and DMDD (M

=9.7,SD = 1.7) groups.

Table 3

Demographic Variables, by Group

Variable Category Group
Control DMDD
n % %
15 15
Gender Male 14 93 14 93
Female 1 7 1 7
Race Caucasian 7 47 7 47
African 5 33 5 33
Mixed 2 13 2 13
Indian 1 7 1 7
Age 7 1 7 1 7
8 2 13 2 13
9 3 20 2 13
10 3 20 4 27
11 2 13 2 13
12 2 13 3 20
13 2 13 1 7
Home Language English 11 73 10 67
Other 4 27 5 33
Medication Yes 3 20 15 100
No 12 80 - -

(continued)
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(continued)

Variable Category Group
Control DMDD
n % n %
Medical Aid Yes 11 73 8 53
No 4 27 7 47
Parent 1 Highest Level  Further 5 33 11 730
of Education Higher 9 60 2 130
Other 1 7 2 13
Parent 2 Highest Level  Further 4 27 9 60
of Education Higher 9 60 - -
Other 1 7 2 130
Missing 1 7 4 270

Note: Further Education = grades 10, 11 and 12; National Qualifications Framework (NQF) levels 2
(Certificate), 3 (Certificate) and 4 (Diploma). Higher Education = NQF levels 5 (Certificate, Higher certificate
and First diploma), 6 (Bachelor’s degree, Professional first degree postgraduate, and General first degree), 7
(Postgraduate diploma, Honours degree, and Master’s degree), and 8 (PhD). Source: The Department of

Education in South Africa

Inclusion/Exclusion Criteria. English language proficiency was a requirement for all
participants given that the procedure was carried out in English. As a proficiency measure,
participants were required to be educated in English, have English Language as a subject in
school, or have been exposed to the English language from Grade 1.

In addition, exclusion criteria for both groups included any form of compromised
neurology (such as epilepsy or traumatic brain injury) or serious or debilitating illness (for
example, meningitis) in the last three months that could potentially have confounding effects
on test performance.

Parents of control subjects reported that their children did not meet the criteria of
DMDD and did not have any first-degree relatives who had previously been diagnosed with

psychiatric illnesses, including depression and anxiety.
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Measures

A combination of nine measures were employed to obtain the data necessary to

investigate the hypotheses of the study (see Table 4). It consisted of a demographic

questionnaire, the Affective Posner Task (Perez-Edgar & Fox, 2005), the Self-Assessment

Manikin (Bradley & Lang, 1994; Lang, 1980), the Observed Frustration Reactivity scale

(Degnan, Calkins, Keane, & Hill-Soderlund, 2008), Respiratory Sinus Arrythmia, the

Dynamic Affect Recognition Evaluation (DARE; Porges et al., 2007), prosodic features of

vocalisations (Porges & Lewis, 2010), the Attachment Style Classification Questionnaire

(Finzi, Har-Even, Weizman, Tyano, & Shnit, 1996; Finzi, Cohen, Sapir, & Weizman, 2000)

and the Social Behaviour and Communication: Parent Questionnaire (adapted, with

permission, from the Listening Project Parent Questionnaire; Bazhenova & Porges, 2000).

Table 4

Complete Assessment Battery

Construct

Assessment

Attention-emotion interaction
Emotional arousal and valence
Frustration reactivity

Vagal tone

Emotional reactivity
Emotional regulation

Facial emotion recognition
Prosodic features of vocalisation
Attachment style

Gestural facial expression

Language and social interaction

Affective Posner Task

Self-Assessment Manikin

Observed Frustration Reactivity

Self-Assessment Manikin

Respiratory Sinus Arrhythmia

Respiratory Sinus Arrhythmia

Respiratory Sinus Arrhythmia

The Social Behaviour and Communication: Parent
Questionnaire

Dynamic Affect Recognition Evaluation

Voice Recordings

The Attachment Style Classification
Questionnaire

The Social Behaviour and Communication: Parent
Questionnaire

The Social Behaviour and Communication: Parent
Questionnaire

(continued)
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(continued)

Construct Assessment

Listening and response to sound The Social Behaviour and Communication: Parent
Questionnaire

Emotional reciprocity The Social Behaviour and Communication: Parent
Questionnaire

Behaviour The Social Behaviour and Communication: Parent

Questionnaire

Demographic Questionnaire

A basic questionnaire to record demographic information, including age, gender,
population group, home language, education, highest level of parents’ education, parents’
occupation, medical aid membership, English proficiency, learning disorders diagnosed and
medication use in the last three months, was necessary to match DMDD participants to
control subjects. It was also used for descriptive statistics in order to provide a clear picture
of the sample composition (Appendix H).
Affective Posner Task

The Posner Cueing Test, also known as the Posner Paradigm, was designed and is
widely used to investigate spatial attention and orienting to cueing (e.g., Hugdahl & Nordby,
1994; Posner, 1988; Posner & Cohen, 1984; Rich et al., 2005; Rich et al., 2007; Rich et al.,
2010Db). Perez-Edgar and Fox (2005) modified the original task to include positive and
negative feedback as a means of examining attention-emotion interaction, known as the
Affective Posner Task. Seven-year-olds performed this task and, compared to the original
(affect-neutral) Posner Task, their performance in the affective version was characterised by
significantly faster response times, increased errors and an increased validity effect (the
difference in response times in response to the different cue types). A rigged version of the
Perez-Edgar and Fox (2005) test has been used to elicit frustration in order to study the neural

structures involved in frustration in chronically irritable children (Deveney et al., 2013) and



96

the impact of reward, punishment, and frustration on attention in paediatric bipolar disorder
(Rich et al., 2005).

For the current study, the original version of the Affective Posner Task was obtained
from Professor Perez-Edgar (2015, personal communication), and implemented in
OpenSesame 2.9.7. This version was adapted to elicit frustration by telling participants that
they were responding too slowly to collect the game reward, irrespective of their
performance. OpenSeasame, project-managed and lead-developed by Sebastiaan Math6t
(Mathot, Schreij, & Theeuwes, 2012) at the University of AIX-Marseille, is an open source
graphical builder for creating psychological experiments, that enables the extension of such
experiments using Python programming language. It was chosen as the experimental platform
as it performed comparably well to the commercially available E-Prime in a comparison of
various input devices (Freegard, 2012). In this scenario, OpenSesame’s Python extension
method was used to connect to a custom-built StimSync-based response box in order to
record timestamps of responses read.

The entire task was made up of three games comprising various trials. Trials consisted
of a white fixation cross, an icon indicating trial type (reward or no reward), three white
squares, a blue block in one of the white squares (in the middle square for 20% of trials and
equally distributed in the remaining trials) and a white target in either the left or right white
square. Trials were either followed by accuracy feedback (i.e., “right” or “wrong’) or
accuracy and reward feedback (i.e. accuracy feedback and happy or sad emoticon). The
objective was to push the button (blue for left and yellow for right) on the response box that
corresponds to the location of the white target. The blue cue predicted the target location on
40% of trials (valid trials) and was in the opposite location on 40% of trials (invalid trials).

The remaining 20% were in the middle box (neutral cue; see Figure 6).
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Game 1 served as the baseline and provided accurate performance feedback (see

Figure 7) and no reward or punishment (see Figure 8).

Time
Fixation Trial Type Empty Cue Target Feedback
Cross Cue Boxes 200 ms 1260 ms 500 ms
750 ms 1000 ms 300 ms max
Right
¥ 000 ooo mOoo =mO0 Wrong
) Too Slow
2
o
>
& ®@/®
$SS omo oo= You’ve won /
lost 100 pts!
@ Too slow!
oom You’ve lost
pts!

Figure 6. Schematic of the Affective Posner Paradigm computer stimuli, with examples of stimuli and

associated timing of presentation

Wrong Too Slow

Figure 7. Accurate and neutral feedback during Game 1 of the Affective Posner Paradigm

Game 2 also provided accurate feedback and either awarded or subtracted game
rewards (in the form of points), depending on performance, coupled with the relevant

emoticon (see Figure 9 and Figure 10).



Figure 8. Screenshots of Game 1 sequence, with fixation cross, no-reward trial indicator, empty squares,

cue block and target block.

100

Points: 100 Points: O

Figure 9. Accurate and affective feedback during Game 2 of the Affective Posner Paradigm

Figure 10. Screenshots of Game 2 sequence, with fixation cross, reward trial indicator, empty squares, cue

block and target block.

98
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The third game was the frustration condition, in which inaccurate, negative feedback
(i.e., “too slow”) was randomly given on 60% of accurate trials and game rewards, regardless
of participants’ reaction time. Frustration manipulation only occurred in the third game in an
attempt to gradually increase arousal and prevent possible carry-over effect.

Behavioural data recorded included response accuracy (i.e. the ratio of responses that
corresponded with the target location), calculated as a percentage score, and response time in
milliseconds. For response accuracy, failure to respond was considered incorrect. Response
time was calculated using only actual responses, therefore failure to respond was not
considered.

In addition to the valid, invalid and neutral categorisation, trials were classified as
post-positive and post-negative feedback to assess the impact of feedback on subsequent
performance, and frustration and non-frustration to measure the effect of frustration on RSA.
Self-Assessment Manikin

The Self-Assessment Manikin (SAM; © Peter J. Lang, 1994), is a pen-and-paper
pictorial, Likert-type scale that measures a person’s emotional experiences in response to
stimuli on the dimensions of valence, arousal, and dominance (Bradley & Lang, 1994; Lang,
1980). Permission to use the SAM was obtained from The Centre for the Study of Emotion
and Attention (CSEA) Media Core at the University of Florida. Bradley and Lang (1994)
compared ratings of affective experience of university students obtained using the SAM with
those of the Semantic Differential Scale and found that correlations were high both for
reports of experienced pleasure and felt arousal. In the dominance dimension, the results
suggested that SAM provides a better indication of the subjective experience to an affective
stimulus. The SAM has been used in numerous studies to measure subjective experience in

reaction to various kinds of stimuli, including images, sounds, advertisements and pain and
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also in a variety of populations (e.g., children, anxiety patients, psychopaths and other clinical
populations; Bradley & Lang, 1994; Gunn & Finn, 2015; Jacob et al., 2015; Reitz et al.,
2015; Scott, Green, & Fairley, 2016; Van Leeuwen, Vink, Joéls, Kahn, & Vinkers, 2016;
Zucker et al., 2017).

For the current study, SAM was the preferred instrument as its non-verbal design
makes it an ideal tool in a cross-cultural environment, such as South Africa, with subjects of
varying ages and levels of education. Only two dimensions were measured to assess
subjective experience of affect and arousal (dependent variables) in response to reward,
punishment and frustration (independent variables). It consisted of unlabelled drawings of
human manikins on a 9-point scale, with extremes of happy/unhappy (i.e., valence; see

Figure 11) and calm/aroused (i.e., arousal; see Figure 12).

Figure 11. 9-point valence scale of the Self-Assessment Manikin. Copyright 1994 by James Lang. Reprinted

with permission from CSEA Media Core.
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Figure 12. 9-point arousal scale of the Self-Assessment Manikin. Copyright 1994 by James Lang. Reprinted with

permission from CSEA Media Core.

The SAM was integrated into the experiment software to minimise disruption and
make it easier for the participants to respond by using the mouse to click on the relevant
picture. Self-report affective data was collected using the SAM before the practice round and

after each condition (i.e. baseline, reward/punishment and frustration).
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Observed Frustration Reactivity

As children are not always able to accurately assess their own level of frustration or
may want to present a more socially desirable image, the researcher conducted a qualitative
observation of behaviours that may be indicative of frustration.

Reactivity was indexed using the method employed by Degnan et al. (2008; Appendix
J). It includes measures of distress, including whining, pouting, fussing, crying, screaming, or
throwing tantrums. This behaviour was coded according to a) global negative reactivity: rated
for the entire frustration condition on a scale from 0 (no negative response) to 4 (game ended
with the child in extreme distress); and b) global affect: rated for the entire frustration
condition on a scale from —3 (highly negative affect) to 3 (highly positive affect).
Respiratory Sinus Arrhythmia (RSA) and Heart Period (HP)

The amplitude of respiratory sinus arrhythmia (RSA) — the phenomenon where heart
rate increases during inhalation and decreases during exhalation - is considered a selective,
valid, non-invasive and easily obtainable index of myelinated vagal influence on the
sinoatrial node (Porges, 1995). It is well established in the literature, and is increasingly being
used in psychophysiological studies, as an index of the parasympathetic nervous system, or
cardiac vagal tone (Bernston et al., 1993; Chapleau & Sabharwal, 2011; Laborde et al., 2017;
Malik et al., 1996; McCraty & Shaffer, 2015). Various studies have linked vagal tone (i.e.
RSA amplitude) to emotion reactivity and regulation in children and adults (e.g. Appelhans &
Luecken, 2006; Austin et al., 2007; Beauchaine et al., 2007; Calkins et al., 2007; Cole et al.,
1996; El-Sheikh , 2001; Geisler et al., 2013; Gentzler, Santucci, Kovacs, & Fox, 2009;
Gottman & Katz, 2002; Graziano & Derefinko, 2013; Graziano et al., 2007; Hastings et al.,
2008; Jonsson & Sonnby-Borgstrém, 2003; Licht et al., 2009; Movius & Allen, 2005;
Rottenberg, Salomon, Gross, Gotlib, 2005; Santucci et al., 2008; Watkins, Grossman,

Krishnan, & Sherwood, 1998; Willemen, Goossens, Koot, & Schuengel, 2008).
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Measures of heart period (HP; i.e., the inverse of heart rate) were included for
comparison reasons. Heart rate is regulated by a number of influences, including sympathetic,
parasympathetic, neuroendocrine and intrinsic factors (Doussard-Roosevelt, Montgomery, &
Porges, 2003). An evaluation of the variables separately reflects overall autonomic
functioning (HP) and specific myelinated vagal activity (RSA,; i.e., parasympathetic
contributions to the regulation of heart rate). Changes in HP that are not accompanied by
changes in RSA reflect non-vagal regulation of heart rate. Examining the relationship
between HP and RSA allows the detection of the portion of the overall heart rate that is due
to myelinated vagal influences (a high correlation is an indication of adaptive vagal
functioning, i.e., “calmer” or “healthier” individuals). As the objective of the current study
was to assess myelinated vagal functioning in children with DMDD, it was necessary to
include heart period as an outcome measure.

To calculate RSA, electrocardiograms (ECGs) were recorded at the start of each
session (to obtain a stimulus-free, movement-free baseline, which is necessary to measure
reactivity), as well as during and after the Affective Posner Task, the Dynamic Affect
Recognition Evaluation, and the voice recordings. Inter-beat-intervals (IBI) were extracted
from the ECG, which were then visually inspected for outlier points and manually edited if
necessary. RSA amplitude was subsequently calculated using specialised computer software
that uses the Porges (1985) method (see Instrumentation section for details).

The Dynamic Affect Recognition Evaluation

The Dynamic Affect Recognition Evaluation (DARE; Porges et al., 2007) was
developed as a naturalistic tool for assessing facial emotion recognition. The DARE provides
a standardised presentation of emotional expressions, and the stimuli were developed from
the Cohn—Kanade Action Unit-Coded Facial Expression Database (Cohn, Zlochower, Lien,

& Kanade, 1999). The database includes approximately 2000 image sequences from more
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than 200 human subjects. The stimuli included uncompressed video files (i.e., series of still
images) representing six basic emotions (anger, disgust, fear, happiness, sadness, and
surprise). The images were morphed and the final videos used in this study included a face
starting with a neutral expression and slowly transitioning into one of the six target emotions.
Video length varied (ranging from 15-33 seconds), depending on the number of the frames in
the original image sequence used to generate the video. Duration of video was independent of
emotion category. The participant code, the emotion displayed, the emotion chosen by the

participant, and the response latency (in seconds) were recorded for each video.

The DARE has identified differences in affect recognition latency and error in
autistic children (Bal et al, 2010) and women with HIV (Heilman, Harden, Weber, Cohen, &
Porges, 2013). It was included in the assessment battery to determine whether increased
emotion recognition error and latency are features of DMDD, and if so, whether those

differences correlate with vagal tone.

Prosodic Features of VVocalisations

Prosody is the conveyance of emotion in human voice through the modulation of
intonation (i.e., pitch). In previous studies by the Porges laboratory (Kolacz, Lewis, &
Porges, 2018; Porges et al., 2013; Porges & Lewis, 2010; Porter, Porges, & Marshall, 1988;
Stewart et al., 2013), several prosodic variables have been related to autonomic state. These
studies suggest that a faster heart rate (i.e., an autonomic state of “mobilisation”) is associated
with the dampening of the modulation of the acoustic features that are perceived as prosody
(Stewart et al., 2013). Four variables in particular have been studied in this regard, namely
modulation depth, bandwidth of fundamental frequency, shape separability 90, and spectral
tilt.

Modulation depth is a measure of vocal instability, which is thought to reflect a deficit

of vagal tone to smoothly control the muscles of the larynx and pharynx. Bandwidth of
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fundamental frequency, or BW50, is an indicator of increased variability in pitch and a sign
of prosody in voice. Higher bandwidth denotes greater prosody. Shape separability is derived
from the joint amplitude and pitch modulation in the voice. Lower shape separability signifies
voice quality that is more prosodic. Spectral tilt is an indicator of the energy distribution, or
balance, between the low and the high frequencies of the voice (Kakouros & R&sanen, 2016;

Kluender, Coady, & Kiefte, 2003).

Audio files of at least 20 seconds each were recorded at 44.1 kHz, using a Blue

Snowball USB microphone (see Instrumentation), and saved in a .m4a file format.

Attachment Style

The Attachment Style Classification Questionnaire (ASCQ); Finzi et al., 1996; Finzi,
et al., 2000) is an adapted version for children of the Hebrew version (Mikulincer & Segal,
1990) of Hazan and Shaver's (1987) questionnaire for the classification of attachment styles
in adults. The questionnaire consists of 15 items, divided into three factors, which tapped
Ainsworth’s (1978) three attachment patterns, namely secure (e.g. “I usually believe that
others who are close to me will not leave me”), anxious/ambivalent (e.g. “I’m sometimes
afraid that no one really loves me”), and avoidant (e.g. “I find it uncomfortable and get
annoyed when someone tries to get too close to me”). Results indicated a mean level of
reliability (o = .69 — .81; Finzi et al., 2000). Test-retest stability after two weeks was in the
high range (r = .87 — .95). Concurrent validity was assessed by means of Pearson’s
correlation with the children’s scores in the Trait Anxiety Inventory, Child Depression
Inventory, and Child Suicidal Potential Scales for Aggression. Distribution of the styles
among the latency age children was similar to that found in previous studies of adults, infants
and toddlers (Finzi et al., 2000). The ASCQ (Finzi et al., 1996; Finzi et al., 2000) was
included in the assessment battery as it was a short and easy-to-understand questionnaire for

latency-aged children to complete on their own. The instructions, which were read to
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participants to make sure they understood, asked the participants to rate how true each of
sentences was for them. The Likert-type scale was scored from 1 to 5, with 1 being “All
wrong” and 5 being “Very right” (see Appendix K). The ten items tapping the avoidant and

anxious styles were used to calculate two attachment scores by averaging the relevant items.

Social Behaviour and Communication

The Social Behaviour and Communication: Parent Questionnaire is an informal,
structured questionnaire (i.e., psychometric properties were not established) that was adapted
from pre- and post-intervention application to single application, with permission, from the
Listening Project Parent Questionnaire (Bazhenova & Porges, 2000; Appendix L). The
adapted questionnaire was approved by Prof. Porges and aimed at obtaining parents’
perceptions of their child’s developmental and behavioural problems in specific domains.
These include hearing sensitivity, spontaneous speech, receptive speech, spontaneity,
behavioural organisation, emotional control, affection, listening, eye contact, and relatedness
(see Table 5). The questionnaire focussed on whether the child had/has had any difficulties in
a specific behavioural area and whether there have been any changes since starting
medication. For each behavioural category, parents were asked to document any changes and

provide examples of new behaviours.

Developmental and behavioural problems in the five domains (i.e., Gestural and
Facial Expression, Language and Social Interaction, Listening and Response to Sound,
Emotional Regulation and Reciprocity, and Behaviour) were scored on a scale from -1 to 1,
with 1 denoting “Problem indicated, improvement”, 0 meaning “Problem indicated, no/vague
improvement” and 1 standing for “Problem indicated, deterioration”. The total number of

problems in each domain was also calculated.
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Table 5

Behavioural Domains and Explanations for the Structured Parent Questionnaire

Definitions
Hearing sensitivity Exaggerated negative responses (e.g., crying or placing hands over the ears) to

common noises (e.g., vacuum cleaner, garbage disposal, baby crying, and air

conditioning)

Spontaneous speech Non-prompted use of words and sentences to communicate thoughts and ideas
Receptive speech Ability to understand instructions and phrases

Spontaneity Non-prompted behaviours initiated by the child

Behavioural Ability to occupy oneself (when left alone) in a productive and non-stereotypical
organisation way

Emotional control Ability to calm quickly when upset, to respond to unexpected changes without

getting upset, and to tolerate objections and contradictions of other people
Affection Behaviours reflective of warm emotional state expressed by the child toward
familiar people (e.g., hugging, kissing, and saying “I love you” to the parent)
Listening Ability to focus on human speech without visual or contextual cues, to understand
spoken words, and to follow verbal requests
Eye contact Making and maintaining eye contact during social interactions
Relatedness Non-prompted social behaviours that reflect understanding of a joint partnership
in interactions and sharing the same goals during social interactions (e.g., looking
at a partner, showing toys, sharing an idea or a thought, and directing emotions to

the partner)

Note. Reprinted from Reducing auditory hypersensitivities in autistic spectrum disorder: preliminary findings
evaluating the listening project protocol. Frontiers in Pediatrics, 2, 80., by Stephen Porges et al., 2014. Retrieved
from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4117928/. Copyright © 2014 Porges, Bazhenova, Bal,
Carlson, Sorokin, Heilman, Cook and Lewis.
Instrumentation

The experimental setup consisted of a laptop, a custom-built response box and
a heart rate monitor (see Figure 13).
Response Box

The response box is based on the StimSync Open Source hardware and software

specification published by Dr Chris Rorden’s Neuropsychology Lab (Rorden & Hanayik,



107

2014). Rorden is the director of the McCausland Center for Brain Imaging and a professor of
Neuroimaging at the University of South Carolina.

For the current study, the response box used the StimSync basic configuration
leveraging and Arduino Leonardo board with two switches connected to digital inputs pins
(see Figure 14).

The StimSync, when emulating a USB keyboard, provides results that compare
favourably to some commercial devices (2ms latency with a 0.17ms SD). In this instance,
however, the microsecond timing mode was utilised, but timing was recorded in the

experimental software and not using the hardware device clock, as this was more accurate.
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Figure 13. Schematic Representation of the Experimental Setup for the Affective Posner Cueing Task
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Figure 14. The Response Box used during the Experiment

Source code for the Arduino sketch was provided in the StimSync package and was
compiled for the Arduino Leonardo platform. Additional advice in setting up the
instrumentation was obtained from Gary Freegard at the University of Swansea, who has
expertise in the use of Arduino-based response boxes and has written a paper comparing
these to commercial response boxes (Freegard, 2012).

Laptop

The experiment was run on a laptop computer with Windows Vista, 1GB RAM and
an Intel T2300@1.66GHz CPU.
Experimental Platform

The experimental platform used for implementation of the trials was OpenSeasame
2.9.7. OpenSeasame is a graphical builder for creating psychological experiments that
enables the extension of such experiments using Python code. The version of Python used is

2.7.8. OpenSeasame is built on top of a basic backend library that enables basic input output
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functions. For this task, Expyriment library was used for the backend, as it was designed for
cognitive and neuroscientific experiments and enables high precision timing (Krause &
Lindemann, 2014).
Actiwave Cardio

Heart rate and inter-beat variability measurements were recorded with a small,
wireless single channel ECG waveform recorder called the Actiwave Cardio by CamNtech
Ltd. The device has been tested and validated against various international standards and
directives for risk management, safety and performance. A list of these can be found at:
https://www.camntech.com/about-us/certifications (retrieved 20 May 2019). The device has
also been approved for sale in South Africa and was obtained through the local distributor,
LifeMax. Full training in the setup and use of the device was provided by LifeMax. The
Actiwave has also been used in various research studies (Chou, Marca, Steptoe, & Brewin,
2014; Fenton-O'Creevy et al., 2012; Kusserow, Amft, Gubelmann, & Troster, 2010;
Kusserow et al., 2012; Mazilu et al., 2013) and has been shown to have an ECG recording
similar to that of traditional Holter monitoring (Abell, 2012).
Blue Snowball Microphone

Audio files were recorded using a Blue Snowball omnidirectional/cardioid USB
microphone. This microphone was one of the few microphones recommended by the Prosody
Laboratory of the University of North Carolina (personal communication, 2017). It was
included in the study design because it was cost-effective but still capable of producing clear
and crisp recordings that were free of feedback and distortion. The microphone also had a
plug-and-play design that was Windows Vista compatible and therefore required no
additional drivers to record. The vocal recording setting of the microphone was used in this

study.
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Administration Procedure

Interested parents or guardians contacted, or were contacted by, the researcher and
details of the study and procedure were explained (without disclosing details that would
compromise the validity and reliability of the study). Information sheets and consent/assent
forms, containing a statement that participants may receive misleading information (this was
necessary to induce frustration during the third game of the Affective Posner Cueing task)
during the assessment process, were emailed to those participants who requested more
information. DMDD participants who agreed to participate were asked to delay medication
until after the testing session (early morning sessions were arranged so that the delay was not
too protracted) and all participants were requested not to apply cream or lotion to the chest
area prior to the session for optimal adhesion of the electrodes. Participants were also asked
not to consume any stimulants, such as caffeine or sugar, within two hours of being tested. As
heart rate varies during the day, sessions were arranged for mornings, within a certain time
range (between 08:00 am and 10:00 am), when it was convenient for participants and their
parents/guardians, as well as for the participating schools.

The research was conducted during two sessions on separate days. The first
session was approximately 45 minutes. Upon arrival, participants were reminded that
participation is voluntary and that they could choose to withdraw at any time during the
process. In order to allow the conductive gel on the electrodes to warm up before testing,
adolescents were then given a drawing depicting where the electrodes and wireless unit
should be placed, and then asked to place these on himself/herself in private (either in the
restroom or the researcher left the room) and pull their shirt down once the unit was on. For
younger children, the parent or guardian was asked to place the unit on the child in private.

Once fitted with the unit, participants received a unique identification number to ensure
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anonymity. Consent and assent forms, as well as the demographic questionnaire, were
completed by the parent/guardian and/or collected.

Participants were subsequently seated in front of the laptop. If the child requested, the
parent or guardian was allowed to sit in the room for the entire session. Otherwise, parents
waited just outside the room, with the door remaining open. During a short information
session, the procedure and object of the “game” were explained to participants. They were
asked to sit as still as possible during the two-minute baseline ECG recordings (i.e., while a
large hour glass appeared on the screen) and were guided through the SAM scales in detail.
Participants were asked to, as honestly and accurately as possible, indicate how each game
made them feel and were assured that there was no “right” or “wrong” answer.

The first session commenced with a 30-second practice session to make sure that

participants understood what was expected of them (see Figure 15).

Practice

Figure 15. A screenshot of the Practice Round Instructions of the Affective Posner

Task.
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They were then asked to complete the first game, which was a longer version (2.7

minutes) of the practice session (see Figure 16).

Instructions

Figure 16. A Screenshot of the Instructions before Game 1 of the Affective Posner

Task.

Before the second game (5.4 minutes), the concepts of non-money and money trials

and reward and punishment were explained (see Figure 17).

Figure 17. A screenshot of the instructions prior to Game 2 of the Affective Posner Task to

explain the difference between reward and no-reward trials.
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Prior to the third game (5.4 minutes), participants were told that they had to perform
accurately and quickly to gain rewards and that acceptable speed range will be calculated

using a complex formula which factors in performance in previous trials (see Figure 18).

Instructions

Figure 18. A screenshot of the instructions for Game 3 of the Affective Posner Task to

inform children that their performance will be based on an average of their response times.

After the final SAM and baseline ECG recording, participants were debriefed (which
included a full explanation of the study objectives) and thanked for their participation. A
clinical psychologist was present and available for counselling, although this was not
necessary for any of the participants.

The follow-up session was slightly shorter, varying between 20 and 30 minutes,
depending on the individual’s rate of response. During the second session, the DARE was
explained to the participants. First, they were shown videos of the six target emotions.

Thereafter, they were told that they would be shown the same photos and had to detect, via
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the laptop keyboard, the emotion of the particular face presented as a practice round. Upon
completion, they were informed that the experiment would commence as soon as possible.
Respiratory Sinus Arrhythmia (RSA)

RSA was quantified by recording each participant’s electrocardiography (ECG), using
two standard disposable electrodes and a small, wireless single channel ECG waveform
recorder (see Instrumentation). The monitoring system sampled ECG at 1024 Hz with
minimal artefact. During the first session, heart rate was recorded for two minutes prior to the
start (as a baseline), and after each of the three games, of the Affective Posner Task. A
similar protocol was followed in the second session for the DARE and prosody tasks.
Prosody

Participants were asked to talk about a positive experience for 20 seconds. They were
given examples such as, "tell me something good that happened in school™ or "tell me about
your best friend" or "tell me about your last birthday party", etc. They were given a few
minutes to think about what they wanted to say and were then recorded at 44.1 kHz, using the
Blue Snowball USB microphone.

The participants were then asked to think about a negative experience for 20 seconds.
Pre-empting the children speaking about traumatic experiences and becoming overly-distress,
they were asked to speak about something along the lines of, "tell me about a time you got a
bad grade™ or "tell me about a time when something wasn't fair" or "tell me about a time
when you argued with your friend", etc. Again, they were given a few minutes to think about
it and were then recorded once they indicated that they were ready.

If the participant struggled to talk about a personal experience, they were asked to tell
the researcher about a favourite part in a movie or a sad part in a movie. However, this
strategy was only used as a last resort, as it is thought that prosody may be more "genuine”

when speaking about personal experience.



115

Ethical Considerations

This study followed the ethical guidelines for research with human subjects outlined by
the University of the Witwatersrand Codes for Research. Ethical clearance was obtained by the
Medical Research Ethics Committee (Human Subjects) of the University of the Witwatersrand
(protocol number: M150526, Appendix F). Approval for testing children attending public
schools in Gauteng was obtained from the Gauteng Department of Education (reference

numbers D2016/049, D2016/335A and D2017/319AA,; see Appendix E).

The aims of the investigation were outlined to each of the participants and their legal
guardians/parents. They were, however, informed that they may receive some misleading
information when necessary, so as not to affect test results. It was necessary to withhold the
rigged design of the frustration condition during the Affective Posner Cueing Task, however,
all participants were debriefed immediately upon conclusion of the experiment. The
participants were encouraged to approach the researcher if they have had any questions. In
addition, the aims of the research were provided on paper for all participants to examine in
their own time. All participants were required to give written assent, as they are legal minors
(refer to Appendix C), and their parents or legal guardians were required to fill in a consent
form (refer to Appendices A & B). In the instance that the parent gave consent for a child to
participate in the research but the child did not assent, the child was not included in the study.
Participants were reminded that participation is voluntary and that they would not be
advantaged or disadvantaged in any way had they decided to continue with participation. It was
emphasised that they could choose to withdraw at any time during the process without any fear
of repercussion. Participants who withdrew during any part of the research were not included

in the final sample.
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To ensure confidentiality and anonymity, participants were only identifiable by a
number code, which was used on all documentation and data. Although audio recordings are
considered identifiable, the recordings were only associated with the participant code and no

personal information was linked to results.

DMDD participants were screened and diagnosed by their attending

psychiatrist/psychologist prior to the study, so no ethics were breached in this area.

As non-invasive, low risk instruments were used, no physical harm was anticipated in
during the study. Although the experiment was designed to elicit frustration, which may have
caused some psychological stress, care was taken not to exceed the minimal risk for paediatric
research. This means that the frustration elicited by the tasks was not greater than that which
participants would experience on a daily basis (Rich et al., 2005), for example by losing at a
video game or taking a test at school. A psychologist or counsellor (from the school where
possible, and when not, a psychologist in private practice volunteered her services) was present
and available during all sessions for debriefing at the time of the experiment, although none of
the participants expressed severe distress.

As data were anonymous, personalised feedback was not possible. Parents or legal
guardians and psychiatrists/psychologists were provided with the option to receive a
summary of the findings and general trends upon the completion of the research. Possible
implications and potential treatment options based on other research in this area was included
in this report and parents could decide whether or not to discuss this with their doctors. A
summary of the findings and general trends was also sent to the sponsor of the heart rate
monitor (Lifemax), principles of participating schools, the Gauteng Department of Education
and the researchers at the University of North Carolina. Participants and their
parents/guardians were informed the grouped and anonymous data may also be used in future

publications or conference presentations.
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Overview of Data Analysis

Prior to data analysis, the following raw data had to be prepared:
Respiratory Sinus Arrhythmia (RSA)

The ECG data obtained was converted to ASCII format with freeware called
EDFbrowser (http://www.teuniz.net/edfbrowser/) and the inter-beat (RR) interval (IBI) series
extracted with QRSTool (freeware written by David Towers and available at
http://jallen.faculty.arizona.edu/grstool_and_cmetx_software_calculating_metrics_cardiac_va
riability).

The IBI data were visually inspected for missed R-wave detections and artifacts,
which were manually edited with CardioEdit software (Brain-Body Centre, University of
Ilinois at Chicago). Editing consisted of visually identifying outlier points followed by
integer arithmetic (e.g., division of outliers caused by failure to detect an R-peak or
summation of invalid detections). Less than 5% of each data file required editing.
CardioBatch software (Brain-Body Center, University of Illinois at Chicago) was used to
calculate RSA, using a method developed by Porges (1985). This method takes maturational
shifts in the frequency of spontaneous breathing into consideration when quantifying the
amplitude of RSA with age-specific parameters. First, beat-to-beat (R—R) intervals were
timed to the nearest millisecond to yield a time series of sequential heart periods. Sequential
heart periods were then resampled into 250 millisecond intervals to produce time-based data.
A 51-point cubic moving polynomial (Porges and Bohrer, 1990) was used to detrend the
time-based series to create a smoothed template. This template was subtracted from the
original time-based series to produce a detrended residual series. Subsequently, a band-pass
filter was applied to the detrended residual series to extract the variance in the heart period
pattern at the frequency of respiration for children (0.12-1.0 Hz to account for the wide

range of ages in the study sample). Finally, RSA amplitude was measured as the natural
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logarithm of this variance (Bal et al., 2010; Riniolo & Porges, 1997). Values for RSA and
heart period were quantified during sequential 30-second epochs for each condition (i.e.,
baseline, game 1, game 1 recovery, etc.). Averages for the 30-second epoch for each
condition were used in data analyses (Heilman et al., 2013).
The Dynamic Affect Recognition Evaluation

For ease of data analyses and interpretation, data were grouped by the "correct
emotion", the average latency (in milliseconds) for each emotion was calculated and the
accuracy score for each emotion was added. Each subject would then have an average latency
for each emotion category, together with a total number of correct responses for each emotion

category.

Prosody

For each recording, a band-pass filter (0.2 — 6 kHz) was applied, followed by a
reduction in sampling rate to 22.05 kHz, prior to analysis. The resulting audio files were
analysed for spectral tilt and fundamental frequency variability using the SHRP Matlab

function (Sun, 2002-2016).

Audio files were first separated into sequential 40ms windows with 30ms overlap and
the resulting windows were decomposed using a Fast Fourier transformation. FO was
identified as the first peak above the noise floor within each window and the mean peak
frequency across all windows was computed. Variability was operationalised as the
bandwidth around the fundamental frequency that encompassed 50% and 100% of its peak
energy (i.e., the frequency ranges from below to above the fundamental where all energy
levels were > 50% of the peak energy). Spectral tilt was operationalised as the grand mean of
the slopes of the linear regression of frequency upon amplitude of the FFT from 20 — 5000

Hz for each window.
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In addition, audio was assessed using a modified version of the modulation power
spectrum (MPS; Singh & Theunissen, 2003), a 2-dimensional Fast Fourier transformation
that decomposes the time-varying acoustic signals of a spectrogram into a two-axis space of
spectral (frequency) and temporal (time-related) modulation. These joint spectro-temporal
representations of sounds have been found to characterise auditory neurons’ higher-level
processing of isolated natural sounds (Theunissen & Elie, 2014) and organisation of the
auditory cortex includes features detectors that correspond to specific spectro-temporal
patterns (Norman-Haignere, Kanwisher, & McDermott, 2015). The MPS was applied to 1.5-
second sequential time slices with 50% overlap and averaged over the length of the audio file.
The frequency resolution of the spectrogram was fixed at 32 Hz per increment, which is the
suggested resolution for human speech (Singh & Theunissen, 2003). Each audio file was
assessed for total modulation depth, operationalised using the square root of the ratio between
power at origin (0, 0), reflecting unmodulated sound, to power in the rest of the spectrum
(Singh & Theunissen, 2003). The MPS was also assessed for separability, the probability of
any value along one axis not being predicted by its location on the other. In the case of the
MPS, this means that frequency modulations are equally likely to occur at any value of
temporal modulation. White noise meets the criteria for separability; the temporal and
frequency modulations are independent. For speech, there is an interaction between the two
distributions, such that less energy is seen in the jointly-high modulation regions, resulting in

a distribution that is not perfectly separable.

Attachment Style
The ten items measuring anxious/ambivalent and avoidant attachment styles

were averaged to obtain a score for each of these dimensions of attachment style.

All statistical analyses were conducted using SAS 9.3 for Windows. Descriptive

statistics and exploration of normality were conducted. Descriptive data analysis was
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conducted as follows: Categorical variables were summarised by frequency and percentage
tabulation. Continuous variables were summarised by the mean, standard deviation, median

and interquartile range.

Baseline demographic and clinical variables that were not used for matching, were
compared between groups using the paired t-test for years of exposure to English, and

McNemar’s test for paired categorical data for the remaining variables.

The effect of group, test point (e.g. baseline, reward/no reward, frustration, etc.) and
the group-test point interaction on each of the other outcomes (i.e., RSA, HP, accuracy,
latency, etc.) was determined using a repeated measures mixed model with the outcome as
the dependent variable, and group, test point and the group-test point interaction as
independent variables. Group was treated as a repeated measured to capture the paired
(matched case-control) nature of the data. Post-hoc comparisons were conducted using the

Tukey Kramer adjustment for multiple comparisons.

Sample sizes were calculated using G*Power (Faul, Erdfelder, Lang, & Buchner,
2007). Sample size estimation depends on the main research question, in this case the
comparison of the outcomes between cases and matched control groups. This necessitated the
use of the paired samples t-test. Detection of a small, medium or large effect size (dz = 0.2,
0.5 and 0.8 respectively) with 80% power at the 5% significance level, required sample sizes
of 199, 34 and 15, respectively. At least a medium effect size is ideal, should it exist; thus, a
sample size of at least 34 would have been recommended for this study. The actual sample
size of 30 used in this study was deemed sufficient to allow for the detection of medium to
large effect sizes (dz = .53). However, a larger sample size would have added to the statistical

power. Consequently, the small sample size is a significant limitation of the study.
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This chapter outlined the research methodology employed for this study. The initial
section provided a detailed description of the research aims and design. The main aim was to
explore the differences in vagal regulation and behavioural outcomes in children with DMDD
compared to typically developing control participants. Specifically, the study was designed to
answer questions on variability in respiratory sinus arrhythmia at baseline, during and after
certain test points that include reward and frustration conditions, as well as differences in
behavioural and emotional outcomes for each of these tasks. The research also sought to
explore whether children with DMDD are distinguishable from healthy participants in terms
of acoustic modulation, attachment style, and social and communication skills. Finally, the
research aimed to determine whether parents considered medication to result in
improvements in social and communication behaviour in children with DMDD. Next, the
research measures, instrumentation and procedure employed in the study were discussed. The
chapter continued with a discussion of the ethical considerations of the study and concluded
with an overview of the data analysis. The next chapter presents the results of the statistical

analyses undertaken to investigate these research questions.
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Chapter 6: Results

This chapter is organised around the research aims of the study. The first was to
determine whether there is variability in the influence of the myelinated vagus to the heart in
a paediatric population with disruptive mood dysregulation disorder (DMDD) compared to
matched control cases at baseline and in response to reward, frustration and affective
conditions by comparing respiratory sinus arrhythmia (RSA) and heart period (HP). The
second component of the study was to investigate whether children with DMDD exhibit
characteristics of a compromised social engagement system (SES) as conceptualised by the
polyvagal theory (Porges, 2001, 2003). To address these objectives, between-group
comparisons were undertaken on the accuracy and reaction time scores obtained during
emotional, frustrating, and emotion recognition tasks. The groups were also compared in
terms of emotional tone variables extracted from voice recordings to establish whether they
vary in terms of expressive prosody. An examination of these results is preceded by a
thorough exploration of the descriptive data for the DMDD and matched control groups.

Descriptive Data

This section details the descriptive results of the all the study variables. Normality
tests were not performed, as these have little power to reject the null hypothesis in small
samples (Oztuna, Elhan, & Tiiccar, 2006). Non-normality of the residuals of the repeated
measures mixed model was established by inspecting model diagnostics. Descriptive analyses
for the categorical variables, namely the social behaviour and communication variables,
entailed frequency and percentage tabulation.

Table 6 describes the levels of social behaviour and communication obtained from the
Social Behaviour and Communication: Parent Questionnaire (Bazhenova & Porges, 2000) of

both groups from their parents’ perspective in terms of percentages.
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Table 6

Social Communication and Behavioural Variables, by Group

Variable Category Group
Control DMDD

n % n %

15 15
Gestural and facial expression No problem 15 100 7 47
Problem indicated, deterioration
Problem indicated, no/vague improvement 5 33
Problem indicated, improvement 3 20
Language and social interaction No problem 15 100 2 13
Problem indicated, deterioration 2 13
Problem indicated, no/vague improvement 3 20
Problem indicated, improvement 8 53
Listening and Processing Sound No problem 15 100 5 33
Problem indicated, deterioration 1 7
Problem indicated, no/vague improvement 7 47
Problem indicated, improvement 2 13
Emotional Regulation and Reciprocity No problem 15 100
Problem indicated, deterioration 2 13
Problem indicated, no/vague improvement 9 60
Problem indicated, improvement 4 27
Behaviour No problem 15 100 3 20
Problem indicated, deterioration
Problem indicated, no/vague improvement 8 53
Problem indicated, improvement 4 27

Note: No problem = age and developmentally appropriate behaviour/communication; Problem indicated,
deterioration = behaviour/communication is not age and/or developmentally appropriate, and has deteriorated
since the commencement of medication; Problem indicated, no/vague improvement =
behaviour/communication is not age and/or developmentally appropriate, and has remained unchanged or
mostly unchanged since the commencement of medication; Problem indicated, improvement =
behaviour/communication is not age and/or developmentally appropriate, and has improved since the
commencement of medication.

All of the children in the control group were considered to exhibit age- and
developmentally appropriate social and communication behaviour by their parents. Parents of
children in the DMDD group, however, reported problems in most areas. Fifty-three percent

of parents indicated that their children experienced problems using body language and facial
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expression in communication (e.g., using gestures to communicate something in a quiet
movie theatre or religious service where talking is prohibited, making appropriate eye
contact, using appropriate facial expressions while listening, turning to face towards another
person when communicating, and tilting the head to indicate listening or interest). Of these,
only 20% observed an improvement in this area following the commencement of medication.
Most of the children in the DMDD group (87%) experienced problems in terms of
language and social interaction, including, a) not using verbal language appropriately to
relate thoughts, feelings and events which have happened, are happening, or will happen; b)
participating in a reciprocal conversation which continues beyond two exchanges (asking a
guestion and answering it), switching topics and talking about something not on his or her
own agenda, and talking without using scripts from movies or television; c) initiating social
interactions for the sake of social pleasure; d) responding with reciprocity in peer
relationships; and e) perceiving and adapting to convert social cues (i.e., reading social
situations appropriately and adapting when the demands on social behaviour are changed or
unstated. For example, does he or she know to be quiet in an audience setting or to use a quiet
voice when inside). The majority of these parents (53%) noticed an improvement in their
children’s use of language and their social interaction after medication had been started.
Two-thirds of the children in the DMDD group also had difficulties with listening to
and processing sound, including understanding of spoken words without visual or contextual
cues and tolerating different sounds and noise without distress. In seven percent of these
children, the parents indicated that the problems had deteriorated following the start of
medication, while 47% noticed no or little improvement and 13% observed an improvement.
Expectedly, all of the children in the DMDD group had trouble with emotional
regulation and reciprocity, including regulating emotions in an appropriate manner (e.g.,

reacting to unexpected changes in circumstances without fear, tantrums, or over-excitement),
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experiencing unusual fears or fears that cannot be explained, and expressing and responding
to emotions appropriately. Medication made no or little difference in 60% of the children.
Parents reported a worsening since starting medication in emotional regulation and
reciprocity in 13% of the children, while 27% showed an improvement.

Problematic behaviour was reported in 80% of the participants in the DMDD group,
particularly engaging independently and effectively in play activities, flowing with
unexpected changes in routine or environment, and engaging in preoccupations or unusual
interests.

Continuous variables measured during the Affective Posner Cueing Task, namely
response time, accuracy, RSA and HP, were summarised by the means and standard
deviations. As almost all of the continuous variables were not normally distributed, medians
and interquartile range are also reported. Table 7 reports the means, the standard deviations,
the medians and interquartile ranges for response time measured during the Affective Posner
Cueing Task.

The participants in the DMDD group were slower to respond to the Affective Posner
stimuli than those in the control group during the practice round. Both groups improved their
response times from the practice round to game 1 and were slower once affective feedback
and rewards were introduced in game 2. Participants in both groups reduced their response
time further during the frustration condition, and both groups took longer to respond to
neutral cues compared to valid and invalid cues. The groups responded differently to valid
and invalid cues, however. Participants in the DMDD group were slower to respond to
invalid cues than to valid ones, whereas participants in the control group showed the opposite

pattern and responded faster to invalid cues than to valid cues.
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Table 7

Descriptive Statistics for Affective Posner Cueing Task Response Time (in milliseconds),

by Group

Control (n = 15) DMDD (n = 15)
M SD Mdn _IOR M SD_ Mdn___IOR

Practice 4469 755 4214 Sl 5006 1233 5237 ‘o
Game 1 (Baseline) ~ 389.7 784 3884 33%21 - 4657 1306 448 354881'.71'
E:ggg:clﬁf;g:x; 303 692 3912 ooy 4841 853 4765 ol
E:;gg:clﬁfgsx:&’f) 2495 689 225.3 129;(').25- 3351 1109 2384 255?(').13'
Invalid Cues 3309 686 319 oo 4427 1155 3075 S0
Valid Cues 3276 635 3203 ol 3004 1008 3685 oe0
Neutral Cues 36L1 769 3448 4632 853 4251 ‘oo
Game 1 Invalid 3053 93 a4 0l 4806 1359 4983 S
Game 1Valid Cues 3803 76 3707 O % am52 1409 4209 Sl
gsg‘se 1 Neutral 4127 951 4042 322 -487 512.3 1202 507.2 45’254?8'
gsg‘se 2 Invalid 405 78  394.1 3f57§_22‘ 530.1 1013 512.6 46537;1'
Game2Valid Cues 3854 67.9 3966 o0 4615 932 4648 et
came2Newtel 4041 799 3036 -0 5058 739 5226 ‘poyp
gz‘re"se 8 Invalid 2245 741 1828 1277%_28' 3364 1398 2732 2414?6?1_
Game3Valid Cues 2436 67.4 227 o0 343 1001 3124 S92
gsg‘se 3 Neutral 2023 801 2734 23sz9— 396.1 108.4 336.4 3:;4?8'
post postive 3629 670 3621 o 61 943 4127 oS
Post negative 315 783 2001 o a36 124 4077 ST
Eg'zg‘;gﬂraﬁon 2404 691 219.8 1253(57i.36_ 3301 1218 326 24345641_
Reward 3141 61 313 2353256?6- 401.4 944 3954 343811'?4-
No Reward 3285 716 3122 280-384 4178 994 3733 SO
Game 2 Reward 387 69.8 380.6 3ff3;_74' 476.1 85 4629 45?3?6.28-
Game2NoReward 3991 708 4009 ol 492 88 4901 ot
Game3Reward 2412 631 2219 SO 809 139 78 °n
Game3NoReward 257.9 786 2283  o00° 3436 1162 2847 0L
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When rewards were introduced, the control group was only slightly slower to respond

compared to no-reward trials, while the DMDD group took longer to respond to reward trials

than no-reward trials.

The extent to which these differences were statistically significant is discussed under

the inferential statistics section. Table 8 reports the means, the standard deviations, the

medians and interquartile ranges for accuracy of responses on the Affective Posner Cueing

Task.

Table 8

Descriptive Statistics for Affective Posner Cueing Task Accuracy (in percentage), by

Group
Control (n = 15) DMDD (n = 15)

M SD Mdn IQR M SD Mdn IQR
Practice 0.9 0 0.9 09-1 0.9 0.1 0.9 08-1
Game 1 (Baseline) 1 0 1 09-1 0.9 0.1 0.9 09-1
Game 2 (Affective

1 0 1 1-1 1 0 1 09-1
Feedback/Reward)
Game 3 (Affective

08 0.1 0.8 0.8-0.8 0.8 0.1 0.8 0.8-0.9
Feedback/Frustration)
Invalid Cues 07 01 0.7 05-0.8 0.7 0.2 0.7 0.6-0.8
Valid Cues 1 0 1 1-1 1 0 1 1-1
Neutral Cues 0.9 0 0.9 09-1 0.9 0.1 1 09-1
Game 1 InvalidCues 09 0.1 0.9 08-1 0.8 0.2 0.8 0.6-0.9
Game 1 Valid Cues 1 0 1 1-1 1 0.1 1 1-1

(continued)
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(continued)

Control (n = 15) DMDD (n =15)

M SD Mdn IQR M SD Mdn IQR
Game 1

1 0 1 1-1 1 0 1 09-1
Neutral Cues
Game 2 Invalid Cues 09 0.1 0.9 09-1 0.9 0.1 0.9 09-1
Game 2 Valid Cues 1 0 1 1-1 1 0 1 1-1
Game 2 Neutral Cues 1 0 1 1-1 1 0.1 1 09-1
Game 3 Invalid Cues 04 0.2 0.3 0.2-05 0.5 0.2 0.6 0.3-0.6
Game 3 Valid Cues 0.9 0 1 09-1 0.9 0.1 0.9 09-1
Game 3 Neutral Cues 0.8 0.1 0.8 0.8-0.9 0.9 0.1 1 08-1
Post-positive

09 01 0.9 09-1 0.9 0 0.9 09-1
Feedback
Post-negative

09 0.1 0.9 08-1 0.9 0.1 0.8 0.7-1
Feedback
Post-frustration

08 0.1 0.8 0.7-0.8 0.8 0.1 0.8 0.8-0.9
Feedback
Reward 0.9 0 0.9 0.9-09 0.9 0.1 0.9 09-1
No Reward 0.9 0 0.9 0.9-09 0.9 0.1 0.9 0.9-0.9
Game 2

1 0 1 1-1 1 0.1 1 09-1
Reward
Game 2 No Reward 1 0 1 09-1 1 0 1 09-1
Game 3 Reward 08 0.1 0.8 0.7-0.8 0.8 0.1 0.8 0.7-0.8
Game 3 No Reward 08 0.1 0.8 0.8-0.8 0.8 0.1 0.8 0.7-0.9

Across all three games, cue type, reward condition and feedback type the average
accuracy was very similar for both groups. The DMDD group was slightly less accurate

following negative feedback compared to positive feedback, while the control group’s
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median accuracy remained the same for both feedback types. Both groups made more errors
following frustrative feedback compared to positive feedback.

The extent to which these differences were statistically significant is considered under
the inferential statistics section. Table 9 reports the means, the standard deviations, the
medians and interquartile ranges for respiratory sinus arrhythmia measured during the

Affective Posner Cueing Task.

Table 9
Descriptive Statistic for Affective Posner Cueing Task Respiratory Sinus Arrhythmia (RSA,

in msec?), by Group

Control (n = 15) DMDD (n =15)
M SD Mdn  IOR M SD Mdn  IQR

Pre-task 8 09 8 71-92 74 13 75 6.6-82
Baseline

Practice 81 1.2 8 74-9.1 7.2 1.2 7.4 6.8-8
Game 1 78 11 76 69-87 7 11 72 68-76
Game 1 79 1 78 7-87 72 1 72 67-82
Recovery

Game 2 77 11 76 7-87 72 1 73 71-77
Game 2 8 09 8 73-87 77 16 72 66-88
Recovery

Game 3 78 1 78 72-86 73 1 74 67-79
GaMmes 8 09 81 7.1-87 74 12 73 6.7-89
Recovery

The median respiratory sinus arrhythmia did not vary much between the groups at

baseline or at any point during the Affective Posner Cueing Task.
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The extent to which these differences were statistically significant is discussed under
the inferential statistics section. Table 10 reports the means, the standard deviations, the

medians and interquartile ranges for heart period during the Affective Posner Cueing Task.

Table 10
Descriptive Statistics for Affective Posner Cueing Task Heart Period (HP, in

milliseconds), by Group

Control (n = 15) DMDD (n = 15)
M SD  Mdn IQR M SD  Mdn IQR
Pre-task 2097 go6 7683  687.5-807.4 6717 867 6538  618.8-676.6
Baseline

Practice 7614 746 763.6 714.1 - 806.4 681.8 919 6624 617.9 - 714.9
Game 1 7385 76.1 7471 692.9 - 779.3 666.9 835 6443 621.9-717.1

Gamel 209 814 7339 701.1-7861 6718 793 6348  6251-703.6
Recovery

Game2 7322 716 7368 691.6-797.8 6669 835 6443  621.9-717.1
Game2 . 60 779 7415  693.9-8045 6844 93 6402  624.6-782.2
Recovery

Game3  739.3 752 7337 7082-7808 679.9 837 647.1 633.1- 722
Game3 .55 719 746 698.3-8022 6684 703 6469  634.8-688.9
Recovery

Average heart period was shorter for the DMDD group compared to that of the
control group at baseline and each test point of the Affective Posner Cueing Task. The extent
to which these observed differences between groups in response time, accuracy, RSA and
heart period during the Affective Posner were statistically significant is reported under the
inferential statistics section.

Table 11 encapsulates the descriptive statistics for the continuous arousal and valence
variables measured using the Self-Assessment Manikin (© Peter J. Lang, 1994) during the
Affective Posner Cueing Task, which participants completed prior to the practice round

(baseline) and again at the conclusion of each game.
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The participants in the DMDD group reported more arousal at baseline than those in
the control group. Self-reported arousal was similar for both groups during the first two
games. Both groups reported highest arousal after game 2, which was the reward/no-reward

condition, and the least following game 3, the frustration condition.

Table 11

Descriptive Statistics for Self-Assessment Manikin, by Group

Control (n = 15) DMDD (n =15)

M SD  Mdn IQR M SD Mdn IQR
Arousal
Pre-Task Baseline 5.3 2.1 5 4-7 7.1 2.2 8 5-9
Game 1 7.1 15 7 6-9 6.2 2.5 7 5-9
Game 2 7.1 2.2 8 5-9 6.2 3.3 8 2-9
Game 3 6.9 2.1 7 5-9 5.4 3.4 6 1-9
Valence
Pre-Task Baseline 6.8 1.7 7 5-8 7.1 1.9 7 6-9
Game 1 6.8 2.2 7 6-9 7.7 1.7 9 6-9
Game 2 7.7 1.6 9 6-9 6.3 3.5 8 1-9
Game 3 5.6 2.6 5 4-9 5.3 3.1 5 2-9

3

Note: Arousal and valence were measure on a 9-point Likert type scale, with 1 being “least” and 9 being “most”.

During the third game, participants in the DMDD group reported slightly less arousal
than participants in the control group. Both groups conveyed comparable levels of valence at
baseline and after game 3. The participants in the DMDD group reported feeling happier
during game 1 (neither reward nor frustration) than game 2, while the inverse was reported by
participants in the control group.

The statistical significance, or lack thereof, of these findings is reported under the
inferential statistics section. Table 12 summarises the descriptive statistics for the continuous
variables measured using the Observed Frustration Reactivity scale (Degnan et al., 2008).
These ratings were made by the researcher during the completion of the frustration condition

(game 3).
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Table 12

Descriptive Statistics for the Observed Frustration Reactivity, by Group

Control (n = 15) DMDD (n =15)
M SD  Mdn IQR M SD Mdn IQR

Negative reactivity

Frowning 0.9 0.8 1 0-1 1.5 0.8 2 1-2
Sighing 1.5 0.9 1 1-2 15 1.2 2 0-2
Pouting 0.9 1 1 0-2 12 0.9 1 0-2
Whining 0.8 1.3 0 0-2 13 1 1 0-2
Fussing 1.7 1.2 1 1-3 19 1.1 2 1-3
Crying 0 0 0 0-0 0 0 0 0-0
Swearing 0 0 0 0-0 0.2 0.8 0 0-0
Shouting 0.1 0.5 0 0-0 0 0 0 0-0
Tantrumming 0 0 0 0-0 0 0 0 0-0
Global Distress 59 3.8 5 3-9 75 34 7 6-10
Global Affect 0.1 1.9 0 -1-20 -1 0.9 -1 -2-0

Note: Frustration behaviour was coded according to a) global negative reactivity or distress: rated for each
behaviour during the entire frustration condition on a scale from 0 (no negative response) to 4 (extreme distress)
and added for a global score; and b) global affect: rated for the entire frustration condition on a scale from —3

(highly negative affect) to 3 (highly positive affect).

Participants in the control group exhibited fewer negative reactivity behaviours (i.e.,
distress) during the frustration condition (game 3) than participants in the DMDD group,
although the only shouting that occurred was in the control group. In the DMDD group,
swearing was the most negative reactivity behaviour observed, but this was only one
participant.

None of the participants in either group had tantrums. Observed global distress was
higher in the DMDD group than in the control group, while observed global affect was higher
in the control group than in the DMDD group. The degree to which these differences are
statistically significant are explored later in the inferential statistics section.

The continuous variables measured during the Dynamic Affect Recognition

Evaluation (DARE) are summarised in the Table 13. These refer to the physiological
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measurements of RSA and HP in milliseconds during the recognition of various emotional

expressions on the DARE.

Table 13

Descriptive Statistics for the Dynamic Affect Recognition Physiological Measurements (in

milliseconds), by Group

RSA
Baseline
Video
Recovery
HP

Baseline

Video

Recovery

Control (n = 15) DMDD (n =15)

M SD Mdn IQR M SD Mdn IQR
8.1 1.2 8.3 6.9-9.2 7.4 1.1 7.3 6.5-8.3
7.9 1.4 7.9 6.7 -8.9 7.5 1 7.6 6.6 - 8.3
7.9 1.5 8.3 6.9-9.3 7.3 1.2 7.2 6.5-8.3
711.2 - 665.8 -

787.7 136.8 749.6 884.6 751.1 1293 7244 817 1
655.5 - 668.2 -

760.2 1174 7305 8445 738.6 119.2 7174 793.6
656.8 - 663.3 -

7576 113.8 7394 818 750.8 132.8 735.6 790.1

Respiratory sinus arrhythmia was similar for both groups at baseline, during the

DARE task and at recovery thereafter. During the task, however, the RSA of the control

group decreased from the baseline by 0.4 milliseconds, while that of the DMDD group

increased by 0.3 milliseconds. Heart period was longer in the control group at before and

during the DARE task than in the DMDD group (i.e. indicating a faster heart rate in the

latter), but more similar during recovery. The continuous performance variables measured

during the DARE are summarised in Table 14.
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Table 14

Descriptive Statistics for the Dynamic Affect Recognition Performance, by Group

Control (n = 15) DMDD (n = 15)

M SD  Mdn IQR M SD  Mdn IQR
Accuracy (%)
Anger 0.7 0.2 0.7 06-09 06 02 07 0.4-0.9
Disgust 0.7 0.3 0.7 04-09 05 04 06 0.1-0.9
Fear 0.7 0.3 0.9 06-09 05 03 04 0.1-0.7
Happiness 1 0.1 1 09-1 09 0.2 1 09-1
Sadness 0.9 0.2 1 09-1 09 02 09 0.7-1
Surprise 1 0.1 1 1-1 09 01 09 09-1
Response Time
(msec)
Anger 13.7 3.3 14 11.1-153 159 39 164 123-198
Disgust 10.8 2.5 9.7 94-12 11 26 98 87-139
Fear 134 2.9 13 12-143 136 25 129 118-16.3
Happiness 9.9 2.4 92 84-105 104 25 102 82-128
Sadness 11.2 33 105 88-128 121 35 125 9.1-145
Surprise 10 2.2 93 83-122 11 24 106 9.2-117

The groups were comparable in their accuracy scores for all of the target emotions,
except fear, on which the DMDD group scored much lower. The identification of the control
group was a little faster, except on fear and disgust, for which the response time of the latter
was similar to that of the DMDD group. The statistical power of these results will be
discussed in the section on inferential statistics.

The descriptive statistics of the sample’s physiological measurements (i.e., RSA and
HP, in milliseconds) during the completion of the prosody task are contained in Table 15.

Respiratory sinus arrhythmia was slightly lower in the DMDD group at baseline and
at recovery, as well as both the positive and negative prosody tasks. Heart period was similar
for both groups during baseline, but differed at each prosody test point and at recovery. The
control group’s shortest heart period was during the positive task, while the DMDD group’s
heart period was shortest during the negative task. At recovery, the control group’s heart

period was longer than, and further away from, their baseline.
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Table 15

Descriptive Statistics of Participants’ Physiological Measurements during the Prosody Task,

by Group
Control (n = 15) DMDD (n =15)
M SD Mdn  IOR M SD Mdn IQR
RSA
(msec?)
Baseline 8 13 83 71-88 76 12 79 7-86
Negative 8 11 83 74-87 74 11 77 6é81‘
Positive 8 12 82 71-9 75 11 76 7-8
Recovery 8 12 84 74-9 77 1 17 7é12'
HP (msec)
. 666 - 699.9 -
Baseline 7655 1226 7387 o0, 7739 1342 7297 %O
. 670.4 - 673.5 -
Negative 754 938 7488 0T 7492 127 7074 S
" 646.8 - 671.4 -
Positive 745 1121 717 G0S7 7505 1169 7218 O
669.1 - 686.9 -
Recovery 7592 912 7588 oo 7698 127 7399 g

The DMDD group’s heart period was also longer than their baseline, but only by 10.2
milliseconds. The descriptive statistics of the sample’s prosodic measurements (i.e.,
modulation depth, bandwidth of fundamental frequency and spectral tilt) during the

completion of the prosody task are contained in Table 16.

Table 16

Descriptive Statistics of Participants’ Acoustic Features during the Prosody Task, by Group

Control (n =15) DMDD (n = 15)
M SD Mdn IQR M SD Mdn IQR
Modulation
Depth
Negative 0.8 0.1 0.8 0.7-0.8 0.8 0.1 0.8 0.8-0.9
Positive 0.8 0.1 0.7 0.7-0.9 0.9 0.2 0.9 0.7-0.9

(continued)
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(continued)

Control (n = 15) DMDD (n = 15)
M SO Mdn IQR M SO Mdn IQR
Bandwidth of
fundamental
frequency
(BW50)
Negative 33.1 33 318  309-358 343 32 34 332691_
Positive 33.4 26 331 315-352 338 39 32 33%%32‘
Spectral Tilt
. 00536 - 00510 -

Negative 00493 00074 -00497 OS2 00471 00078 -00450 L0

N 00557 - 00503 -
Positive 00512 00082 -00532 OOoTT 00466 00096 -00447 000

The median values of the prosodic variables, which measure the modulation of
intonation of the voice, of the two groups seemed similar, however whether these differences

were statistically significant, is discussed in the next section.

Inferential Data

In order to establish whether significant differences between the groups exist, they
were compared on all variables, except those used for matching (i.e., age, gender and
ethnicity), using the paired t-test, and McNemar’s test for paired categorical data.

The effect of group membership (DMDD or control), test point (i.e. Affection Posner
Task, SAM, Observed Frustration Reactivity, DARE, and prosody task) and group-test point
interactions on the various outcomes of the measures was determined using a repeated
measures mixed effects model with the outcome (i.e. RSA, HP, response time, accuracy,
valence, arousal, attachment scores, and prosodic features) as the dependent variables, and
group, test point and the group-test point interaction as independent variables. Group was
treated as a repeated measured to capture the paired (matched case-control) nature of the data.
To minimise Type | errors, post hoc comparisons were conducted using the Tukey-Kramer

adjustment for multiple comparisons. This method was also preferred, as it does not assume
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equal sample sizes given that the samples in this study were not equal for all the tasks (two
children declined to participate in the prosody task) and some of the independent variables
had various levels (such as game type, cue type, trial type, and feedback during the Affective
Posner Cueing Task).
Demographic Details

The two groups were compared on those demographic variables that were not used for
matching. These included English language proficiency, home language, medical aid and
parent levels of education. As English language proficiency was a requirement for
participation, the groups were compared in terms of the number of years exposure to English.
A paired t-test revealed no significant difference between the groups on this variable (adj
Mudirt = -0.6; adj p =.085), 95% Cls [-1.3, 0.1]. Exact McNemar’s tests showed no
statistically significant between-group differences on the demographic variables of home
language (p = 0.6), medical aid (p = 0.3), or parental level of education for both parents (p =
0.2 for the first parent and p = 0.1 for the second parent), indicating that the DMDD and
control groups were comparable on all of these variables.
Respiratory Sinus Arrhythmia and Heart Period

The first research aim was to determine whether significant between-group
differences exist in terms of respiratory sinus arrhythmia (RSA), or vagal tone, and heart
period at baseline and in response to the Affective Posner Cueing Task (Perez-Edgar & Fox,
2005), the Dynamic Affect Recognition Evaluation (DARE; Porges et al., 2007) and prosody
tasks. It was hypothesised that participants diagnosed with DMDD would have significantly
lower RSA amplitude and shorter heart period than participants in the control group.

Affective Posner Cueing Task. The effects of group (F[1,15] = 4.19, p = .058), game

(F[7,23] = 1.77, p = .141) and group X game interaction (F[7,23] = 1.11, p = .389) on RSA
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were non-significant. This indicates that no significant difference was evident between
groups in vagal regulation of the heart.

However, the effects of group (F[1,15] = 8.6, p =.011) and game (F[7,22] =3.53,p =
.011) on heart period were significant. At baseline and during all three games of the Affective
Posner Cueing Task, heart period was significantly higher for the control group (adj M =
746; adj p <.001), 95% Cls [706, 786] compared to the DMDD group (adj M = 675; adj p <
.001), 95% Cls [635, 715]. This means that participants in the DMDD group had a faster
heart rate than those in the control group at every measurement point. Although this was
expected, shorter heart period in the absence of significantly lower RSA amplitude does not
necessarily implicate the vagus nerve in the variability of between heart beats. The group x
game interaction was not significant (F[7,22] = 0.67, p = .697).

Post hoc tests showed that heart period for the practice game was significantly higher
than that for game 1 (baseline) across both groups (adj Mdifr = -18.89, adj p = .003), 95% Cls
[-32.79, 80.06]. This was, however, the game that showed a significant difference, indicating
that, once the experiment formally commenced, the game condition (i.e., baseline,
contingencies, and frustration) did not significantly affect participants’ heart period.

Dynamic Affect Recognition Evaluation (DARE). The effect of group on RSA
during the DARE was not significant (F[1,15] = 1.33, p = .267). This finding, which was not
anticipated, suggests that groups responded similarly during the DARE task in terms of vagal
regulation of the heart. Group membership did not significantly affect recovery RSA either
(F[1,14] = 0.86, p = .369).

Heart period during the DARE did not vary significantly between the two groups
(F[1,16] = 0.68, p = .423). The mean recovery heart period after the completion of the DARE
was significantly lower (F[1,1] = 4.97; p = .043) for the control group (adj M =741; p <

.001), 95% Cls [721, 761] compared to the DMDD group (adj M = 767; p <.001), 95% Cls
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[747, 787], controlling for heart period at baseline. Again, in the absence of reduced RSA
amplitude, this finding does not exclude sympathetic, hormonal, or homeostatic influences on
heart rate variability. There were no other significant between-group differences in heart
period.

Prosody. No between-group differences in RSA or heart period were found during
the positive and negative prosody tasks or on the subsequent recovery period, which did not
support the hypothesis that participants diagnosed with DMDD would have lower vagal tone
and more instability in prosody than participants in the control group. The results of these

analyses are summarised in Table 17.

Table 17

Post hoc Results of RSA and Heart Period during the Prosody Task

Measure Test Adj p Adjp Lower Upper Adj Adj
Point Muitt Lower  Upper
RSA Positive 0.04 797 797 -0.30 0.38 -0.30 0.38
Negative 0.22 073 .073 -0.023 0.4552 -0.02 0.46
Recovery 0.09 .604 .604  -0.26 0.43 -0.26 0.43
HP Positive 1.80 .880 880 -22.62 26.22 -22.62 26.22

Negative 21.37 151 151 -9,10 51.83 -9.09 51.83

Recovery 1.24 .881 .881 -16.55 19.03 -16.55 19.03
Note. Tukey-Kramer adjustment used. o = .05.

In summary, the groups did not differ significantly in RSA or heart period at baseline
or in response to emotional, frustrating or emotion recognition tasks.
Posner Behavioural and Affective Data

The second research goal was to establish whether any significant between-group
differences existed in behavioural (i.e., response time/latency and accuracy) and/or self-
reported and observed affective (valence and arousal) data during the Affective Posner

Cueing Task.
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Posner Effect. Previous studies (Hugdahl & Nordby, 1994; Posner, 1988; Posner &
Cohen, 1984), have found faster responses in healthy children and adults to valid versus
invalid cues, as invalid trials require participants to shift their attention from the location of
the cue to that of the target. To explore this “Posner effect” (i.e., the response time costs and
benefits of cued versus non-cued targets), the response times, in milliseconds, for the various
cue types (invalid, valid, and neutral) were compared across the two groups.

The effect of cue type on response time was significant (F[2,27] = 8.65, p = .001)
during game 1 (baseline). Post hoc analyses showed that average response time for valid
trials was significantly faster than for neutral trials, across both groups, and when controlling
for the practice test (results are summarised in Table 18). At this test point, response time
differences between valid versus invalid cues and neutral versus invalid cues were non-

significant.

Table 18

Post hoc Results of Cue Type Effect on Response Time during Posner Baseline (Game 1)

Cue Cue Adj p Adjp Lower Upper Adj Adj
Typel  Type2 Muitf Lower Upper
Valid Neutral 49.79 <.001 001 2479 74.80 19.53 80.06
Valid Invalid 25.25 .023 059 371 46.79 -0.83 51.32
Neutral  Invalid -24.54 075 174 -51.75 2.67 -57.48 8.39

Note. Tukey-Kramer adjustment used. o = .05.

At this test point, the effects of group (F[1,16] = 1.96, p = .181) and group X cue type
interaction on response time (F[2,27] = 1.12, p = .342) were not significant.

During game 2 (reward and emotive feedback condition), the effects of group
(F[1,12] = 18.64, p = .001) and cue type (F[2,27] = 9.75, p < .001) were significant. Post hoc
tests showed that the least mean squares response time for valid cues was significantly lower

than that for neutral (adj Maift = 31.47, adj p =.011), 95% Cls [6.51, 56.44], and invalid cues
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(adj Maitr = 44.09, adj p <.001), 95% Cls [19.73, 68.44], for both groups. The DMDD group
had a significantly longer response time than the control group, regardless of cue type (adj
Mudife =-81.07, adj p =.001), 95% Cls [-121.99, -40,15]. The effect of group x cue type
interaction was not significant (F[2,27] = 3.36, p = .050) during game 2.

The group x cue type interaction was significant for game 3 (frustration condition),
F(2,27) = 4.74, p = .017. This means cue type affected the response time of participants in a
certain group. The mean response time was significantly longer for neutral cues versus valid
and invalid cues for both the control and DMDD groups. The mean response time for the
DMDD group for neutral cues was significantly higher than that of the control group for both

valid and invalid cues (Figure 19).
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Figure 19. Group x cue type interaction during game 3, by group

The results of the post hoc analyses for the group x cue interaction during the
frustration condition of the Affective Posner Cueing Task are summarised in Table 19.

In summary, these results indicate that response time was faster for valid trials than
for neutral or invalid trials, regardless of the condition (i.e., baseline, emotive, or frustration)

and group status, confirming the Posner effect in both groups. They also suggest, as
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anticipated, that participants with DMDD took longer to shift their attention from the location
of the cue to that of the target than participants in the control group during games 2 and 3.
Table 19

Post hoc Results of Group x Cue Type Interaction during the Affective Posner Cueing Task

(Frustration Condition)

Group Cue Group Cue Adj p Adj p Lower  Upper Adj. Adj.
1 Type 1 2 Type 2 Maife Cl Cl Lower  Upper
Cl Cl
Control Invalid Control Neutral -67.79 <.001 .008 -103.97 -31.61 -121.91 -13.68
Control Invalid Control Valid -19.07 .108 569  -42.60 447  -54.27 16.14
Control Invalid DMDD Invalid -80.00 .036 270 -154.36 -5.64 -191.38 31.378
Control Invalid DMDD Neutral 139_72' <.001 003 -207.1 -7235 -24155 -37.90
Control Invalid DMDD Valid -57.99 .086 500 -124.74 8.76  -158.3 42.32
Control Neutral Control Valid 48.73 <.001 011 21.91 75.55 8.61 88.84
Control Neutral DMDD Invalid -12.21 712 999  -79.58 55.17 -114.03 89.61
Control Neutral DMDD Neutral -71.93 .023 187 -13295 -1091  -163.2 19.34
Control Neutral DMDD Valid 9.80 .740 999  -49.65 69.25 -79.78 99.38
Control Valid DMDD Invalid -60.93 072 446 -127.68 581 -161.24 39.37
Control  Valid DMDD  Neutral 120.6(; <.001 .004 -180.11 -61.21 -210.24 -31.08
Control  Valid DMDD Valid -38.92 .186 751  -97.68 19.83 -126.78 48.93
DMDD Invalid DMDD Neutral -59.72 .002 .024 -9590 -2354 -113.84 -5.61
DMDD Invalid DMDD Valid 22.01 .066 415 -1.53 4555 -13.19 57.21

DMDD Neutral DMDD Valid 81.73 <.001 <.001 5491 108.55 41.62 121.85

Note. Tukey-Kramer adjustment used; o = .05; Cl = Confidence Intervals

Response Time and Game Condition. To examine the prediction that
responsivity would be impaired in participants in the DMDD group compared to that of
participants in the control group based on game condition, response times were compared at
baseline (game 1), when contingencies were introduced (game 2) and when frustration was
introduced (game 3). Overall, the effects of both group (F[1,18] = 13.62, p = .002) and game
(F[2,27] = 134.12, p < .001) were significant. However, the group x game interaction was not
significant (F[2,27] = 0.2, p = .820). Post hoc analyses showed that, as anticipated, the

response time was significantly lower for the control group compared to the DMDD group
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across all games (adj Maitt = -84.18, adj p =.002), 95% Cls [-132.03, -36.33]. A within-
group comparison showed that the difference in response latency between game 1 and game 2
was not significant, but the differences in response times between game 1 versus game 3 and

game 2 versus game 3 were significant (see Table 20).

Table 20

Post hoc Results of Response Times during Affective Posner Cueing Task game, across Both

Groups
Game A GameB Adj p Adjp Lower Upper Adj Adj
Muitf Cl Cl Lower Upper
Cl Cl

Gamel Game 2 -10.84 374 643 -35.44 13.75 -40.61 18.93
Gamel Game 3 1354 <.001 <.001 109.07 161.74 103.52 167.28

Game2 Game3 146.25 <.001 <.001 127.81 164.68 123.94 168.55
Note. Tukey-Kramer adjustment used; a = .05; CI = Confidence Intervals

To investigate the expectation that participants diagnosed with DMDD would be
slower than control participants to respond to emotional and frustrating trials, compared to
baseline trials, the effects of group, feedback, and group-feedback interaction on response
time were determined. Main effects for both group (F[1,83] = 4.42, p = .039) and feedback
type (F[2,23] = 83.77, p < .001) were found. No main effect for the group x feedback type
interaction was evident (F[2,23] = 0.43, p = .660).

A between-group comparison revealed, as anticipated, that response time was
significantly lower for the control group than the DMDD group across all feedback types,
when controlling for the practice response time (adj Mairt = -59.55, adj p = .039), 95% Cls [-
115.89, -3.22]. Within-group comparisons found that participants took longer to respond to
positive feedback (adj M = 405; p <.001), 95% Cls [364.48, 444.58], than to negative

feedback (adj M = 364; p <.001), 95% Cls [312.41, 416.17]. Frustrative feedback prompted
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the fastest response time in both groups (adj M = 285; p <.001), 95% Cls [231.16, 339.33]

(see Figure 20).
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Figure 20. Effect of feedback type on average response time.

Frustration

The results of the post hoc analyses for the effect of feedback on response time during

the Affective Posner Cueing Task are given in Table 21.

Table 21

Post hoc Results of the Effect of Feedback on Response Time during the Affective Posner

Cueing Task, across both Groups

Feedback Feedback  Adj p Adjp Lower
Type 1 Type 2 Muitt Cl

Upper Adj Adj
Cl Lower  Upper
Cl Cl

Negative  Positive  -40.24 <.001 <.001 -57.23
Frustration Negative -79.04 <.001 <.001 -101.37
Frustration Positive -19.28 <.001 <.001 -138.28

-23.25 -60.96  -19.51
-56.72 -106.35 -51.74
-100.28 -142.19  -96.37

Note. Tukey-Kramer adjustment used; a = .05; CI = Confidence Intervals

It was also hypothesised that participants in the control group would be more affected

by the introduction of contingencies than participants in the DMDD group. Results showed
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that both group (F[1,15] = 15.56, p = .001) and trial type (i.e., reward or no-reward; F[1,28] =
8.07, p = .008) had a significant effect on response time during game 2. The response time
was significantly lower for the control group (adj M = 403; p <.001), 95% Cls [366, 440]
compared to the DMDD group (adj M = 474; p <.001), 95% Cls [437, 511] across all trial
types, when controlling for the practice response time scores. The main effect for
contigencies indicated that both groups of participants responded faster during reward trials
than non-reward trials (adj Mdirt = 13.97, p =.008), 95% Cls [3.89, 24.05]. No significant
effect was found for the group x trial type interaction (F[1,28] = 0.15, p =.701).

While no group (F[1,27] = 3.28, p = .081) or group X trial type effects (F [1,28] =0,
p =.988) were apparent on response time during game 3, the effect of trial type was
significant. Again, response time was significantly lower for reward trials (adj M = 284,
p <.001), 95% Cls [256, 312] compared to no-reward trials (adj M = 301; p =.049), 95% Cls
[270, 332].

It was anticipated that emotive and frustrative feedback would have less of an impact
on the response times of participants in the DMDD group than those in the control group.
While the former group’s response latency did not improve as much as that of the control

group, these results were not statistically significant (see Table 22).

Table 22
Comparisons between Groups on Response Time Improvement following Emotive and

Frustrative Feedback

Feedback Type F(1,28) p
Positive 0.58 456
Negative 1.48 234
Frustration 0.59 449

Note. a.= .05
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In brief, partipants diagnosed with DMDD had, as anticipated, a longer response
latency than participants in the control group during the Affective Posner Cueing Task across
all three conditions. The results did not support the hypothesis that emotive and frustrative
feedback would produce a significantly smaller reduction in response time in the DMDD
group than in the control group.

Accuracy. Similar to the exploration of both groups’ response times during the
Affective Posner Cueing Task, analyses were conducted for accuracy, with percent correct as
the outcome measure. A high-level analysis indicated that game condition (i.e., baseline,
feedback and reward, and frustration) had a significant effect on accuracy (F[2,27] = 57.56,

p <.001). Group (F[1,24] = 0.04, p = .840) and the group x game interaction (F[1,24] = 0.04,
p = .840) had no significant effect on global accuracy. Post hoc tests showed that the
participants were most accurate during game 2 (emotive feedback and reward) and least
accurate during game 3 (frustration condition). This supports the hypothesis that frustration
would compromise accuracy in both groups, however it was anticipated that the participants
in the DMDD group would be significantly less accurate than the participants in the control

group. This was not the case. The results are illustrated in Figure 21.
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Figure 21. Mean accuracy as percent correct for both groups across all three Affective

Posner Cueing Task games.
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In order to evaluate whether the groups differed significantly in accuracy as a function
of cue type, the accuracy outcomes of valid, invalid and neutral cues of all three Affective
Posner Cueing Task games were compared across groups. Table 23 contains the least squares

means accuracy percentage when groups were compared at each test point of this task.

Table 23

Least Means Squares Accuracy as a Function of Cue Type during Affective Posner Cueing

Task
0,
Cue type Controf\ccuracy /E)MDD p Lower CI Upper CI
Game 1
(baseline)
Invalid 0.85+£0.14 0.78 £0.22 <.001 0.78 0.87
Neutral 0.98 £ 0.04 0.97 £0.04 <.001 0.96 1.00
Valid 0.99 +0.02 0.97 £ 0.04 <.001 0.98 1.00
Game 2
(feedback &
reward)
Invalid 0.89+0.1 0.86 £0.13 <.001 0.85 0.93
Neutral 0.99 +0.02 0.96 + 0.05 <.001 0.97 0.99
Valid 0.99 +0.02 0.98 + 0,04 <.001 0.98 0.99
Game 3
(frustration)
Invalid 0.37+£0.24 0.48+£0.24 <.001 0.33 0.52
Neutral 0.82+0.24 0.88 £0.13 <.001 0.80 0.90
Valid 0.94 £ 0.05 0.93 £ 0.06 <.001 0.92 0.95

Note: Values are adjusted means + SD; a. = .05; CI = Confidence Intervals

It was anticipated that participants in the DMDD group would be significantly less

accurate in response to invalid and neutral cues than participants in the control group,

however the post hoc results did not support this prediction.
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During game 1 (baseline), neither group (F[1,32] = 1.68, p = .205) nor the group x
cue type interaction (F[2,34] = 1.09, p = .349) had a significant effect on accuracy, although a
main effect was found for cue type (F[2,34] = 27.76, p < .001). Both groups were
significantly more accurate in response to neutral and valid cues than to invalid cues. The

post hoc results are summarised in Table 24.

Table 24
Post hoc Results of Cue Type Effect on Accuracy during Affective Posner Cueing Task

Baseline (Game 1)

Cue Cue Adj p Adjp Lower Upper Adj Adj
Type 1l Type 2 Muitf Cl Cl Lower Upper
Cl Cl
Valid Neutral -0.01 .308 559 -0.02 0.01 -0.03 0.01
Valid Invalid -0.16 <.001 <.001 -0.21 -0.12 -0.22 -0.11
Neutral  Invalid -0.15 <.001 <.001 -0.20 -0.11 -0.21 -0.10

Note. Tukey-Kramer adjustment used; o = .05; CI = Confidence Intervals

Similar results were found when affective feedback and rewards were introduced
during game 2. No significant effect emerged for group (F[1,24] = 0.26, p = .618) or group X
cue type interaction (F[2,26] = 2.15, p = .137). Again, cue type had a significant effect on
accuracy (F[2,26] = 13.32, p = .001) for both groups, with significantly faster responses to
valid and neutral cues than to invalid cues. The post hoc results follows in Table 25.

Game 3 (frustration) yielded comparable results. Cue type significantly affected
accuracy (F[2,27] = 97.9, p <.001) across both groups, with post hoc analyses revealing an

additional significant effect for valid versus neutral cues (see Table 26).
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Post hoc Results of Cue Type Effect on Accuracy during Affective Posner Cueing Task (Game

2)
Cue Cue Adj p Adjp Lower Upper Adj Adj
Type 1l Type 2 Muitf Cl Cl Lower Upper
Cl Cl
Valid Neutral -0.01 .353 617  -0.02 0.01 -0.02 0.01
Valid Invalid -0.10 <.001 <.001 -0.14 -0.06 -0.15 -0.05
Neutral  Invalid -0.09 <.001 <.001 -0.13 -0.06 -0.14 -0.05

Note. Tukey-Kramer adjustment used; a = .05; CI = Confidence Intervals

Table 26

Post hoc Results of Cue Type Effect on Accuracy during Affective Posner Cueing Task (Game

3)
Cue Cue Adj p Adjp Lower Upper Adj Adj
Typel Type 2 Muitf Cl Cl Lower Upper
Cl Cl
Valid Neutral -0.08 <.001 002 -0.13 -0.04 -0.14 -0.03
Valid Invalid -051 <.001 <.001 -06  -0.42 -0.62 -0.40
Neutral  Invalid -043 <.001 <.001 -0.13 -0.04 -0.14 -0.03

Note. Tukey-Kramer adjustment used; o = .05; CI = Confidence Intervals

Participants were most accurate in response to valid cues and least accurate in

response to invalid cues. They were slightly less accurate in response to neutral cues than

valid cues, but much more accurate compared to invalid cues. Effects for group (F[2,27] =

1.04, p = .317) and group x cue type interaction (F[2,27] = 1.27, p = .298) were not

significant.

These results mean that, during all three games, both groups’ mean accuracy for

invalid cues was significantly lower than that for neutral and valid cues. When frustration
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manipulation was introduced in game 3, participants in both groups were least accurate for
invalid cues and most accurate for valid cues.

Further assumptions were that accuracy would vary in response to feedback type (i.e.
positive, negative, and frustration), and that there would be a significant between-group
difference in post-feedback accuracy scores, with the DMDD group being less accurate than
the control group following emotive and frustrative feedback.

Controlling for baseline accuracy scores, a significant effect was found for feedback
type (F[2,26] = 29.89, p <.001), but not for group (F[1,27] = 0.75, p = .390) or the group x
feedback type interaction (F[2,26] = 1, p < .380). As expected, participants in both groups
were least accurate following frustration feedback, more accurate following negative

feedback and most accurate following positive feedback (see Figure 22).
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Figure 22. Effect of feedback type on mean accuracy.

Post hoc results revealed significant effects for all three feedback types. These results

are contained in Table 27.
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Table 27

Post hoc Results of Feedback Type Effect on Accuracy during the Affective Posner Cueing

Task
Feedback Feedback  Adj p Adjp Lower Upper Adj Adj
Type 1 Type 2 Muitt Cl Cl Lower  Upper
Cl Cl
Negative  Positive -0.07 .001 .003 -0.10 -0.03 -0.11 -0.02
Frustration Positive -0.12 <.001 <.001 -0.15 -0.09 -0.15 -0.08

Frustration Negative -0.05 016 043 -0.09 -0.009 -0.09  -0.001
Note. Tukey-Kramer adjustment used; a = .05; CI = Confidence Intervals

These results indicate that no significant group differences existed in terms of
accuracy as a function of feedback type, which was not expected. Within groups, all three
feedback types had a statistically significant effect on participants’ accuracy scores.

The final behavioural outcome comparison was the effect of trial type (i.e., reward vs.
non-reward) on accuracy. It was anticipated that participants in the DMDD group would be
less responsive to rewards, and therefore not show a significant difference in non-reward
versus reward accuracy scores, than those in the control group. However, the results did not
support this supposition. During game 2, there were no significant effects for group (F[1,9] =
0.02, p = .890), trial type (F[1,27] = 3.71, p = .065) or group X trial type interaction (F[1,27]
=1.11, p = .301). The group x trial type interaction was significant for game 3 (F[1,28] =
6.89, p = .014), however post hoc analyses found no significant differences. In other words,
no between-group or within-group differences were found for trial type during the Affective
Posner Cueing Task.

Affective data

Self-Assessment Manikin. The next element of the second research aim was to
explore group differences in self-reported arousal and valence, as measured by the Self-

Assessment Manikin, and after each condition (i.e. baseline, feedback and reward, and
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frustration) during the Affective Posner Cueing Task. At baseline (game 1), group had a
significant effect on self-reported arousal (F[1,28] = 4.84, p = .036). Post hoc analyses
showed that participants in the DMDD group reported significantly more arousal than those
in the control group (adj Mditr = -1.73, adj p = .036), 95% Cls [-3.35, -0.12] at pre-test. There
were no other significant between-group differences in self-reported valence or arousal at any

other test point, contrary to what was expected (see Table 28).

Table 28
Least Squares Means Results Comparing Groups on Self-reported Valence and Arousal (as

measured by the SAM)

Control DMDD Control DMDD Control DMDD
F p Adj M Lower CI Upper CI

Pre-test
Arousal F(1,28)=4.84 036 533+0.56 7.07+0.56 4.19 5.93 6.47 8.21
Valence F(1,14)=0.18 .681 6.8+046 7.07+0.46 5.86 6.12 7.74 8.01

Game 1
(baseline)

Arousal F(1,26) =4.84 192 7.33%+048 6.36x05 6.33 5.33 8.32 7.39

Valence F(1,13)=0.71 416 7.29+0.44 7.70+0.43 6.37 6.81 8.2 8.59

Game 2
(feedback
& reward)
Arousal F(1,27)=2.43 281 7.24+0.75 6.02+0.75 5.70 4.48 8.79 757

Valence F(1,14)=121 142 7.62+0.7 6.31+0.75 6.19 4.88 9.05 7.75

Game 3
(frustration)
Arousal F(1,27)=127 270 5.19%£0.78 5.49+0.78 5.19 8.37 3.90 7.08

Valence F(1,13)=0.21 653 5.66+0.72 5.21+0.72 4.19 7.13 3.74 6.69
Note. SAM = Self-Assessment Manikin; Values are adjusted means + SD; o = .05; CI = Confidence Intervals

Observed Frustration. The final objective of the second research aim was to
determine whether the observed frustration scores, as measured by the Observed Frustration

Reactivity scale and rated by the researcher during the frustration condition (game 3) of the
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Affective Posner Cueing Task, were significantly correlated with the participants’ ratings of
their valence and arousal after game 3 on the Self-Assessment Manikin.

A Spearman’s correlation was run to determine the relationship between the seven
observable frustration behaviour variables (i.e., frowning, sighing, pouting, whining, fussing,
swearing and shouting), as well as the global distress and affects scores, and the participants’
self-reported valence and arousal scores in each group. There were five significant
correlations. In the control group, there was a significant correlation (p = .004) between
observed whining and self-reported arousal. In the DMDD group, the significant correlations
were observed frowning and self-reported valence (p = .025), observed sighing and arousal (p
=.042), observed global distress and self-reported valence (p = .017), and observed global

affect and self-reported valence (p = .010; see Table 29).

Table 29

Spearman’s Correlation Coefficients for Observed Frustration Reactivity and SAM Scores

Observed  Control (n =15) Control (n =15) DMDD (n =15) DMDD (n =15)

Frustration ~ SAM Arousal SAM Valence SAM Arousal SAM Valence
Is p Is p Is p Is p
Frowning  -0.079 .780 -0.349 .202 -0.341 213 -0.574 .025
Sighing -0.177 529 -0.377 .165 -0.530 042 -0.411 128
Pouting -0.150 594 -0.468 .079 -0.262 .346 -0.306 .268

Whining 0.690 .004 -0.218 434 -0.054 .848 -0.348 203
Fussing 0.434 106 0.135 .631 -0.258 352 -0.346 207

Swearing - - - - -0.350 201 -0.378 165
Shouting 0317 250  0.348  .202 ; ; ; -
Global

: 0297 282 -0168 551 -0458 086 -0.603  .017
Distress
Global 0473 075 -0246 377 0482 069 0640  .010
Affect

Note. SAM = Self-Assessment Manikin; N =30; Prob > |r| under HO: Rho=0
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The relationship between observed whining and self-reported arousal in the control
group was positive. This was expected, as more frustration behaviour would be a logical
consequence of increased arousal. The correlations in the DMDD group, however, were
mixed and one contradicted expectations. When observed frowning scores increased, DMDD
participants reported less positively valenced feelings, which was expected. More observed
sighing, in contrast, was associated with less self-reported arousal. This was not expected, as
more observed frustration behaviour was anticipated to be associated with higher levels of
self-reported arousal. Observed global distress was negatively correlated with self-reported
valence, which means the more observed distress participants in the DMDD group displayed,
the lower they rated their feelings of self-reported valence. Similarly, the more positive affect
participants in this group exhibited, the higher their ratings of self-reported valence were.
These findings were expected.

Dynamic Affect Recognition Evaluation Task

The third research aim was to test whether groups varied in their ability to accurately
recognise emotions and their latency in doing so. It was hypothesised that participants in the
DMDD group would be less accurate and slower to identify core emotions. The results are
contained in Table 30.

No significant between-group differences were evident in terms of latency in
identifying emotions. Post hoc analyses found that the groups differed significantly only in
their ability to correctly identify fear. The mean percentage accuracy for fear was
significantly higher for the control group compared to the DMDD group (adj Maitr = 0.24,
adj p =.032), 95% Cls [0.02, 0.45]. Both groups were most accurate at recognising happiness
and surprise. The DMDD group found it easier to identify disgust than fear, whereas the

control group was least accurate in the recognition of fear. Participants in the control group
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mostly mistook fear for surprise (38%) and then happiness (26%), while participants in the

DMDD group typically misidentified fear as disgust (34%) and then happiness (29%).

Table 30

Least Squares Means Results Comparing Groups on DARE Behavioural Data for Each

Emotion
Control DMDD Control DMDD Control DMDD
F p Adj M Lower CI Upper CI
Percent
Accurate
Anger F(1,14)=2.64 1265 0.74+0.06 0.62+0.06 0.62 0.5 0.86 0.74
Disgust ~ F(1,28)=1.85 1843 0.66+0.09 0.49+0.09 0.47 0.3 0.84 0.67
Fear F(128)=5.12 0316 0.7+0.07 0.47 £0.07 0.55 0.31 0.86 0.62
Happiness  F(1,14)=0.01 9277 0.96+0.02 0.96+0.02 0.93 0.92 0.1 0.1
Sadness  F(1,14)=0.01 9152 09+0.04 0.9+0.04 0.83 0.82 0.98 0.98
Surprise  F(1,14)=156 2316 0.96+0.02 0.93+0.02 0.92 0.86 1.0 0.97
Latency
Anger F(1,14)=3.06 1024 13.70 15.95 11.82 14.06 15.59 17.84
Disgust ~ F(1,14)=0.05 823 10.78 10.99 9.41 9.62 12.14 12.35
Fear F(127)=0.79 3813 12.79 1355  11.53 12.33 14.06 14.77
Happiness  F(114)=04 o300 9924063 10'346§ 8.64 915 1121 1172
Sadness F(1,14) =0.47 11.21 + 12.07 =
5036 0.08 0.68 941 1026  13.03  13.88

Surprise F(1,28) =142 2429 10.05+0.6 11.05%0.6 8.83 9.83 11.26 12.27
Note. Values are adjusted means + SD; a = .05; CI = Confidence Intervals

Prosody Task

The fourth research goal was to compare groups in terms of their prosodic
features of vocalisation and to explore the relationship between these features and vagal tone.
Prosody, which is the conveyance of emotion in human voice through the modulation of
intonation, is hypothesised to be linked to RSA, as the vagal system that influences heart rate
is related to functioning of the cranial nerves that also control the striated muscles in the face
and head. The prosody task was designed to evoke emotion through the recounting of

positive and negative narratives The hypothesis was that participants in the DMDD group,
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who were anticipated to have lower vagal tone, would exhibit more less prosody (i.e., less
emotion, and therefore, less variability or more monotone), measured by modulation depth,
bandwidth of fundamental frequency (BW50), and spectral tilt, than those in the control
group.

During the positive prosody task, a main effect was found for spectral tilt (F[1,25] =
4.79, p = .044). This means that the distribution of energy between the low and the high
frequencies in the DMDD group’s acoustics was significantly more varied (i.e., more
prosody) than that of the control group (adj Mairt = -0.0006, adj p = .044), 95% ClIs [-
0.00119, -0.00002]. No main effects of group were found for BW50 (F[1,25] =0.42,p =
.522), or modulation depth (F[1,13] = 3.37, p =.089).

A statistically significant effect of group was also found for modulation depth during
the negative prosody task (F[1,25] = 5.26, p = .031). Again, the vocalisations of the
participants in the DMDD group were more varied, or less smoothly modulated, than
participants in the control group (adj Mairt = -0.06746, adj p =.029), 95% Cls [-0.13, -0.01].
The results for spectral tilt (F[1,13] = 0.75, p = .403), and BW50 (F[1,26] = 1.23, p = .277)
were not significant.

There was a significant negative correlation between modulation depth and vagal tone
during the positive prosody task (F[1,14] = 8.24, p = .012) in the control group. During the
positive prosody task, RSA decreased by 7 units for every 1 unit increase in modulation
depth. There was no evidence of a significant correlation between vagal tone and modulation
depth in the DMDD group, with RSA increasing by 1.4 units for every 1 unit increase in
modulation depth.

Attachment Style
The fifth research aim was to compare the groups in terms of their self-reported

anxious and avoidant attachment scores, as measured by the Attachments Style Classification
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Questionnaire. A significant main effect for the avoidant attachment style was found (F[1,28]
=7.07, p =.013). Post hoc analyses showed that the mean avoidant attachment style score
was significantly higher for participants in the DMDD group than for participants in the
control group (adj Mditr =-0.99, adj p =.013), 95% Cls [-1.75, -0.23], suggesting a greater
presence of this type of attachment in the DMDD group.

No significant between-group difference was evident for the anxious attachment style
(F[1,28] = 2.01, p = .168). However, this attachment style was significantly correlated with
vagal tone at baseline (r(28) = -0.363, p = .049) in both groups. This correlation means that
poorer vagal tone is associated with a more anxious attachment style in general.

Social Behaviour and Communication: Parent Questionnaire

Since the control group exhibited age-appropriate social behaviour and
communication skills, this analysis was only completed for the DMDD group. The number of
problems in each of the categories of the questionnaire reported by the parents was correlated
with RSA and HP at pre-test (resting baseline) and during game 3 (frustration condition) of
the Posner task to determine whether a significant relationship existed between the number of
parent-reported social behaviour and communication skills problems and vagal tone. The
number of interaction problems (i.e., using words and sentences spontaneously to
communicate thoughts and ideas; talking with others; initiating interactions; interacting with
peers; and reading social cues) significantly correlated with vagal tone (RSA) during the
frustration condition (r(28) = -.516; p = .049). In other words, as the number of interaction
problems on the Social Behaviour and Communication: Parent Questionnaire increased,
vagal tone during the frustration condition decreased.

This chapter presented the statistical analyses associated with the research aims of the
study. The first main finding is that the two groups were matched in terms of their

demographics. Secondly, no significant group difference was found in terms of RSA, i.e.
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vagal response, at any test point. The third main finding included significant between-group
differences in behavioural data for the Affective Posner Cueing Task. Participants in the
DMDD group were significantly slower to respond to all trials (i.e., baseline, feedback and
reward, and frustration), regardless of cue type, trial type and feedback type. However, the
groups did not vary significantly in accuracy. Apart from reporting significantly more arousal
at baseline, groups reported similar affective ratings on the Self-Assessment Manikin after
each game of the Affective Posner Cueing Task. The fourth main finding was that response
latency was similar for the two groups when recognising emotions during the DARE task, but
participants in the DMDD struggled more than those in the control group to correctly identify
fear and often mistook it for disgust or happiness. The fifth important finding was that the
two groups differed significantly on two prosodic features of vocalisation, namely spectral tilt
during the positive experience recording and modulation depth during the negative
experience recording. This indicates more smoothly-modulated vocalisations by participants
in the control group than by those in the DMDD group. The two groups also varied in self-
reported attachment style, with an avoidant attachment style being more prevalent among
participants in the DMDD group. An anxious attachment style was found to correlate
significantly with baseline RSA in both groups. Finally, the number of social and
communication interaction problems reported by parents of children in the DMDD group was
significantly correlated with RSA during the frustration condition of the Affective Posner
Cueing Task. The next chapter interprets these results in further detail and locates them

within the literature reviewed at the outset of this thesis.
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Chapter 7: Discussion

The rationale of the current research was to expand the existing knowledge
base of the newly defined DSM-5 (APA, 2013) diagnostic category, disruptive mood
dysregulation disorder (DMDD), which was created to make provision for children who are
significantly emotionally dysregulated in the form of chronic irritability and frequent temper
outbursts, but who do not meet the criteria of other mental health disorders. Due to the recent
inclusion of DMDD, and the fact that the majority of research has been done on its
predecessor, severe mood dysregulation (SMD), a similar but not identical syndrome,
empirical research data on DMDD is lacking and is only now starting to emerge. Available
research focused on the prevalence, comorbidity and correlates of DMDD (e.g. Althoff et al.,
2016; Dougherty et al., 2014, 2016; Freeman, Youngstrom, Youngstrom, & Findling, 2016;
Mayes, Waxmonsky, Calhoun, & Bixler, 2016). Neurobiological studies of DMDD focused
on social and emotional information processing and emotion regulation, particularly impaired
regulation of emotion and attention; misinterpretation of social, emotional, and threat stimuli;
impaired context sensitivity; and reward system dysfunction (e.g. Blair, 2010; Brotman et al.,
2007, 2010; Dickstein et al., 2007, 2010; Leibenluft, 2011; Rich et al., 2007, 2008, 2010;
Zepf, 2016). The current study was designed to contribute to the existing body of knowledge
on DMDD by exploring the potential association between heart rate variability and the
externalising symptoms (i.e. frequent temper tantrums and irritable or angry moods between
outbursts) of the disorder. The overarching goal was to establish whether the emotion
dysregulation and compromised social behaviour associated with DMDD are a function of a
compromised social engagement system, as proposed by the polyvagal theory (Porges, 1995,
2004). Innovative aspects of this study include an exploration of vagal tone, and related
prosodic features of vocalisation, in the DMDD population, as well as the use of novel

methods and technology in doing so (particularly in terms of prosody analyses).
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The first aim of the study was to compare the DMDD and control groups in terms of
respiratory sinus arrhythmia (RSA), a non-invasive measure of vagal tone, at baseline (or
resting) and in response to various challenges, particularly emotion evocation. The hypothesis
was that children who were diagnosed with DMDD (i.e., emotionally dysregulated) would
exhibit lower baseline RSA (i.e. low vagal tone) and larger reductions in RSA (i.e. excessive
vagal withdrawal) in response to emotionally evocative stimuli (Beauchaine, 2015a, 2015b).
This prediction was based on previous research that had found unusually low RSA and
excessive RSA reactivity to emotion evocation to be associated with a wide range of
psychopathological outcomes in children and adults, with either internalising and
externalising symptoms or a combination of both (e.g., Ahs, Sollers, Furmark, Fredrikson, &
Thayer, 2009; Asmundson & Stein, 1994; Austin et al., 2007; Beauchaine, 2001, 2012,
2015a; Beauchaine et al., 2007; Chambers & Allen, 2002; Crowell et al., 2005; De Wied, van
Boxtel, Matthys, & Meeus, 2012; Hansen, Johnsen, Thornton, Waage, & Thayer, 2007;
Kemp et al., 2014; Panaite et al., 2016; Porges, 2007; Rash & Aguirre-Camacho, 2012;
Rottenberg, 2007; Rottenberg et al., 2005; Sloan et al., 1994). However, this hypothesis was
not confirmed by the results. While consistently lower than that of the control group, no
significant differences in RSA were found between participants in the DMDD group and the
control group at baseline. This is similar to empirical studies by other researchers who did not
find a difference in baseline RSA in children with emotional dysregulation and behavioural
problems in comparison to controls (Calkins et al., 2007; Schoorl, Van Rijn, De Wied, Van
Goozen, & Swaab, 2016b; Scott & Weems, 2014). Other studies have, however, suggested an
association between attenuated baseline RSA and emotional dysregulation and behavioural
problems in children (e.g., Beauchaine et al., 2001, 2007; Beauchaine, Hong, & Marsh, 2008;
Gordis, Feres, Olezeski, Rabkin, & Trickett, 2010; Mezzacappa et al., 1997; Pine et al.,

1998). In contrast, another study found an association between externalising problems, higher
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RSA and lower heart rate (i.e., higher heart period) at supine rest (Dietrich et al., 2007). One
potential reason for the null finding of the current study is the low power of the study due to
the small sample size (see Limitations section). Low-powered studies are more likely to
produce false negatives than high-powered studies, which means a significant effect for
group on RSA may well have existed, but was not detected (Sterne & Smith, 2001).

A small sample size is, however, typical in studies of this nature. For example, the
first published evidence of a parasympathetic contribution to different response profiles
between adult females (between the ages of 18 and 45) who have been diagnosed with
borderline personality disorder (BPD) and controls had a total sample of 20 participants — 9
participants with BPD and 11 controls (Austin et al., 2007). Similarly, 12 young adults with
BPD were compared to 28 healthy controls in terms of sympathetic and parasympathetic
autonomic nervous system activity before, during and following a social stressor task
(Weinberg, Klonsky, & Hajcak, 2009). An exploration of high-frequency heart rate
variability and cortico-striatal activity in men and women with social phobia collected data
from 28 participants (Ahs et al., 2009). Another study that investigated whether increases in
vagal tone would be associated with favourable treatment response with non-pharmacological
treatment in adult females (ages 18 to 45) who have been diagnosed with non-chronic major
depression, ended with a final sample of 16 (Chambers & Allen, 2002). Panaite et al. (2016)
examined RSA reactivity in 37 depressed adults to emotional films to predict symptom
improvement and trajectory. Data from 30 young adults (M age = 19.28, SD = 2.05, 20
females) was used to determine whether cardiac vagal tone and frontal brain electrical
asymmetry predicted biased attention to social threat (Miskovic & Schmidt, 2010).

Similar empirical studies with children had small sample sizes as well. A study that
demonstrated that infants with difficulties in decreasing vagal tone during a social/attention

task at 9 months of age had significantly more behavioural problems at 3 years of age
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gathered data from 24 infants (Porges et al., 1996). Another study, which found an
association between baseline RSA and externalising behaviour problems in young children
(M age = 37.79 months) who were born prematurely (before 37 weeks gestation), had a
sample of 28 participants (Bagner et al., 2012). Only 20 very low birth weight children
participated in a longitudinal study that explored the association between neonatal
physiological measures and school-age (69 years) outcome measures (Doussard-Roosevelt,
McClenny, & Porges, 2001). Another study explored the relationships between cardiac
responses (mediated via the vagus nerve) and sustained attention in a sample of 32 typically
developing school-age children (Suess, Porges, & Plude, 1994). The sample for a study
investigating the psychological, autonomic, and serotonergic correlates of parasuicide among
adolescent girls consisted of 23 parasuicidal adolescent girls and 23 controls (Crowell et al.,
2005). Studies of children with severe mood dysregulation, which had guided certain aspects
of the design of the current study, had comparable sample sizes. Deveney et al. (2013), for
example, compared the emotional responses, behaviour, and neural activity of 19 severely
irritable children to that of 23 healthy controls during a cued-attention task completed under
non-frustrating and frustrating conditions. Similarly, a preliminary study of the neural
mechanisms of frustration in paediatric bipolar disorder, using the Affective Posner Cueing
Task, compared magnetoencephalography data from 20 medicated adolescence to that of 20
controls (Rich et al., 2010b).

The null finding at baseline in the current study may also be a function of cardioactive
medication taken by participants in the DMDD group. None of the participants in the DMDD
group were medication-naive, and while they were asked to delay medication the morning of
testing, it is not inconceivable that residual medication may have affected their RSA.
Stimulants (such as those prescribed for ADHD), antipsychotic and antidepressant

medication, and combinations thereof, which all of the DMDD participants were prescribed
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at the time of testing, may reduce RSA (Kemp et al., 2010, 2014). It is therefore possible that
baseline RSA measurements may have been higher in participants with DMDD than controls,
similar to findings by Dietrich et al. (2007), but that this was not evident due to the
medication.

Another potential explanation for the conflicting baseline results may be the lack of
standardised baseline measurements to ensure comparability across samples, experiments and
laboratories (Laborde et al., 2017). While participants in the current study were asked to
adhere to the standard baseline procedure, which involves sitting, with knees at a 90° angle,
both feet flat on the floor, and hands on thighs (similar to the procedure recommended for
blood pressure), it did not preclude mind-wandering or disruptive thoughts, environmental
distractions (such as noise from corridors or adjacent classrooms, bells, lawnmowers, etc.), or
non-compliance. Furthermore, time constraints within the school setting did not allow for
adequate acclimatisation to the testing environment (i.e., at least five minutes in the resting
position) to allow for the potential anxiety and increased attention to respiration and heart
rate, which may occur when participants are told that the recording is starting, to fade out
(Quintana, Alvares, & Heathers, 2016). In addition, the standard procedure requires
participants to close their eyes, but as it was anticipated that this would compound any
potential anxiety that children may have been feeling in the unfamiliar testing situation, they
were not asked to do so. Thus, these procedural issues may have contributed to differences in
findings between the current study and those which found significant differences.

These inconsistent findings suggest that a moderate baseline vagal tone, as opposed to
low or high vagal tone, characterises an optimal balance of arousal and regulation that allow
children to respond to, and constructively engage with, challenges in their environment

(Beauchaine, 2001; Kogan et al., 2014; Miller, Kahle, & Hastings, 2017).
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Although RSA results the during the Affective Posner Task session approached
statistical significance (p = .058), groups did not significantly differ in RSA during, or at
recovery from, the Dynamic Affective Recognition Evaluation (DARE) and the prosody
tasks. These findings were unexpected, but in line with null findings in a few other studies
(Beauchaine et al., 2001; Beauchaine et al., 2008; Schoorl et al., 2016b). They are, however,
in contrast with many studies that did find significant differences in RSA during stress
conditions in children with emotion dysregulation and behaviour problems and controls (e.g.,
Ahs et al., 2009; Asmundson & Stein, 1994; Beauchaine et al., 2007; Crowell et al., 2005; De
Wied et al., 2012; Hansen et al., 2007; Kemp et al., 2014; Porges, 2007; Rash & Aguirre-
Camacho, 2012; Rottenberg, 2007; Rottenberg et al., 2005; Sloan et al., 1994). Despite the
non-significant results, the current study did, however, yield interesting observations in terms
of RSA trajectory between the groups. During the Affective Posner Cueing Task, the control
group exhibited no RSA decrease (i.e., vagal withdrawal) from baseline to the practice game,
while the DMDD displayed a decrease in RSA, which is consistent with the hypothesised
evolutionary adaptive function of vagal tone in preparedness for fight/flight responses during
challenging situations. This finding may be an indication that the DMDD group detected
threat (via neuroception) in their environment where no threat was present. Throughout the
challenge, the control group exhibited, as expected, a decrease in RSA during games and an
increase in RSA during recovery, indicative of adaptive vagal functioning. The DMDD group
also showed a further decrease in RSA from the practice game to game 1, and marginally
more withdrawal than the control group. In contrast with the control group, however, the
DMDD group exhibited an increase in RSA from game 1 to game 2 (when rewards and
emotive feedback were introduced), and no decrease in RSA from game 1 recovery to game
2, which could be interpreted as an insensitivity to rewards. However, an index of

sympathetic nervous system responses to reward (such as cardiac pre-ejection period) would
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be needed in order to draw a definite conclusion (see Limitations section; Beauchaine, 2009,
2015a). Both groups showed a decrease in RSA from game 2 recovery (after rewards and
emotive feedback) to game 3 (frustration condition), again with the DMDD group displaying
only slightly more withdrawal than the control group. Presuming that the degree of vagal
influence, and not the degree of vagal withdrawal, is key to reaching the threshold for fight
and flight responding, the lower RSA at baseline may put the DMDD participants closer to
the threshold for fight and flight responding even when reductions in RSA were not
significantly different to those of the control group. Thus, normative reductions in RSA may
be more costly for children with DMDD as they act on a system that is already compromised
(Beauchaine et al., 2007).

During the DARE test of facial emotion recognition, RSA remained largely
unaffected in both groups, suggesting that neither group found the task emotionally
evocative. The prosody task yielded similar results to that of the DARE for the control group,
with RSA remaining unchanged throughout the recounting of positive and negative stories.
This implies that the control group either did not experience the task as stressful (i.e., no
threat detection) or that they did have a robust social engagement system that is able to
effectively regulate and maintain a calm physiological state to enable such social interactions
(such as the telling of positive and negative stories during the prosody task). The DMDD
group, however, exhibited a steady decline in RSA from baseline to positive to negative
during the prosody task, potentially indicating excessive vagal withdrawal, compared to that
of the control group, in reaction to emotion evocation.

While no firm conclusions can be drawn from these results, as they were not
statistically significant, they are aligned to results from research that identified a trend for
children with externalising behavioural problems to exhibit either excessive RSA withdrawal

in response to emotionally evocative stimuli, or no RSA withdrawal, less RSA withdrawal
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(i.e., smaller reductions in RSA), or even higher tonic RSA and increased RSA, during
laboratory tests, particularly when the stimulus conditions are attentionally demanding (as are
the Affective Posner Cueing Task and the DARE) and not emotionally evocative
(Beauchaine, 2015b; Boyce et al., 2001; Calkins et al., 2007; Dietrich et al., 2007; Graziano
& Derefinko, 2013; Mezzacappa et al., 1997; Obradovi¢, Bush, Stamperdahl, Adler, &
Boyce, 2010; Scott & Weems, 2014). Little, less or no RSA withdrawal during laboratory
tasks may be the result of attentional difficulties often experienced by children with
externalising behaviour problems (Beauchaine, 2001, 2015b; Rash & Aguirre-Camacho,
2012) and may explain why, during the only emotionally evocative task without attentional
demands (i.e., the prosody task), the DMDD group showed increased vagal withdrawal
compared to the control group, particularly during the negative prosody task.

A potential lack of vagal suppression may also point to the absence of behavioural
regulation strategies that are used by typically developing children in affect-eliciting
situations (Calkins, 1997). Children with DMDD may not be able to regulate their emotion
and behaviour using top-down strategies (i.e. selective attention and executive functioning) as
they are in an autonomic state that facilitates flight or fight behaviour.

An analysis of heart period data indicated statistically significant differences between
groups during the first session, when the Affective Posner Cueing Task was completed. At
baseline, during, and after each game of the Affective Posner Cueing Task, the DMDD group
displayed significantly shorter heart period (i.e., faster heart rate) than the control group.
During the second session, when the DARE facial emotion labelling task and the prosody
task were completed, the DMDD group also had shorter heart period than the control group,
but not significantly so. The control group had a significantly shorter heart period than the
DMDD group during recovery from the DARE, when controlling for baseline, perhaps

indicative of adaptive vagal regulation in the control group during this task. It is thought that
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RSA suppression facilitates heart rate increases under challenging conditions, and so a
shorter heart period in the DMDD group could indicate parasympathetic influences to the
heart and a physiological state of mobilisation (i.e., failure of the newest phylogenetic vagal
system). However, in the absence of evidence of significantly attenuated RSA, it is not
possible to conclude that increased heart rate is not due to other influences, such as
sympathetic, hormonal or homeostatic processes. Again, it is possible that medication was a
confounding variable in this case.

Thus, results did not fully confirm the hypothesis that children who have been
diagnosed with DMDD would exhibit lower baseline RSA and excessive reductions in RSA
in response to emotionally evocative stimuli compared to healthy controls. Although not
statistically significant, dissimilar trends emerged for the two groups in terms of RSA
trajectories, and warrant further investigation. Also noteworthy were findings that suggest
moderate vagal regulation is fundamental to emotion regulation and prosocial behaviour, as
opposed to the notion that high vagal tone equates optimal emotional and social functioning.

The second research goal was to establish whether any significant between-group
differences existed in behavioural (i.e., response time/latency and accuracy) data during the
Affective Posner Cueing Task. As expected, participants in the DMDD group exhibited more
attentional difficulties that participants in the control group, resulting in significantly slower
response times regardless of cue type (i.e., valid, invalid, and neutral), reward type (i.e.,
reward versus no-reward) and feedback type (i.e., positive, negative, and frustrative). This is
in line with a study that found behavioural impairments during the Affective Posner Cueing
Task in children with severe mood dysregulation in comparison to healthy controls (Deveney
et al., 2013). However, the hypothesis that rewards, emotive feedback and frustrating
feedback would produce a significantly smaller reduction in response time in the DMDD

group than in the control group was not supported by the findings of the current study. One
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plausible explanation for this null finding is that the under-active behavioural activation
system (BAS), which is mediated by the striatum and its frontal projections, is partially
normalised by the administration of methylphenidate — a medication prescribed to almost half
(46%) of the DMDD group.

Unexpectedly, no group differences emerged for accuracy of scores during the
Affective Posner Cueing Task. These results are, however, consistent with previous null
findings for children with emotion dysregulation in comparison to typical controls (Deveney
etal., 2013; Rich et al., 2005; Rich et al., 2010b). A possible explanation for this finding is
that, due to the nature of the Affective Posner Cueing Task, participants had a 50% chance of
being correct even when responding randomly.

The last aspect of the second research aim was to test whether group differences
existed in the ability to identify emotions in the facial expressions of others and the response
times in doing so. No statistically significant differences emerged for response times,
although the trend for the control group to increase their response times for fear and disgust
compared to other emotions was noteworthy. In terms of accuracy of identifying target
emotions, the only statistically significant difference was in the groups’ ability to recognise
fear, on which the DMDD group scored much lower than the control group. Although not
statistically significant, the DMDD group also struggled more than the control group to
correctly identify the other negatively valenced emotions (control: sadness, 90.48%; fear
70.48%; anger, 74.29%; disgust, 65.71%. DMDD: anger, 61.90%; disgust, 48.57%; and fear,
46.67%). Impairment in the DMDD group in face labelling tasks, such as the DARE, was
anticipated, as children with severe mood regulation appear to have difficulty with correctly
identifying emotions in facial expressions (Guyer et al., 2007; McClure et al., 2003, 2005;

Schenkel et al., 2007).
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These findings have several implications. Firstly, as mentioned in the descriptive data
section (Chapter 6), emotion identification of the control group was a slightly faster than that
of the DMDD group (although not statistically significant), except on fear and disgust. This
suggests of a lack of self-awareness in participants in the DMDD group that more time is
required to process emotional cues that may start off as ambiguous (for example, both fear
and surprise share certain features of facial expression, such as wide eyes and an information-
gathering appearance), an awareness which the children in the control group exhibited.

Secondly, the inability to correctly identify fear in particular suggests that children
with DMDD, like children with severe mood dysregulation, have impaired activity in the
areas in the brain, specifically the amygdala, that are vital for the processing of threat and fear
in facial expressions. The fact that they also struggled more than the control group to
accurately identify sadness, anger and disgust supports the theory that amygdala dysfunction
extends to impairment in recognising various highly arousing emotions that are similar to fear
(i.e., negatively valenced emotions), including anger, disgust and sadness (Adolphs, et al.,
1999; Calder et al., 1996; Schmolck & Squire, 2001). Findings in the DMDD group did not,
however, mirror findings from Schmolck and Squire (2001), who found that the most
common error was the same for both the control and patient (with bilateral damage to the
amygdala) groups. In the aforementioned study, when presented with a sad expression, the
most common error by controls and patients was to describe it as disgust (on 22% of the trials
for patients and 10% of the trials for controls). Fearful expressions were most commonly
erroneously described as surprise (in 33% of the trials for patients and in 17% of the trials for
controls). In the current study, controls mostly erroneously described fear as surprise (as in
the previous study), whereas DMDD participants mostly mistook fear for disgust and not
surprise. This finding was unexpected, as fear and surprise have morphological similarities

(i.e., wide eyes and raised eyebrows), while disgust and anger share common facial
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characteristics (i.e., narrowing of the eyes and lowered eyebrows; Aviezer et al., 2008;
Ekman, 1993). However, the finding coincides with that of Surguladze et al. (2010) who
found that participants with major depressive disorder, which children with DMDD are likely
to be diagnosed with in early adulthood (Brotman et al., 2006), displayed greater activation in
brain regions involved with disgust (i.e., the left insula, the left orbito-frontal gyrus, the left
middle/inferior temporal gyrus, and the right middle/inferior temporal gyrus). As in the
previous study, the most common error made by participants in the control group when
presented with a sad expression, was to describe it as disgust. Participants in the DMDD
group, in contrast, incorrectly described sad expressions as either surprise, fear or disgust
(26.67% respectively), and then as anger (13.33%). These findings support Porges’ (1995,
2001, 2004) theory that faulty neuroception (i.e., the unconscious misinterpretation of non-
threatening social and environmental cues as threatening) and a compromised social
engagement system contribute to the dysregulated emotion and arousal often seen in
psychiatric disorders like DMDD. It is therefore conceivable that children with DMDD are in
a physiological state of defence, have attentional bias to environmental cues of threat, are
more likely to misinterpret facial expressions of negative emotions and therefore are more
prone to exhibit defensive behaviour (e.g., aggression and tantrums).

Thus, the hypothesis that participants in the DMDD group would exhibit reduced
speed and accuracy during the Affective Posner Cueing Task and the DARE emotion
recognition task was partially supported. Children in the DMDD group were significantly
slower to respond during all three conditions of the Affective Posner Cueing Task and had
significantly impaired ability to accurately recognise fear during the DARE task, in
comparison with healthy controls.

The third research aim entailed a comparison between groups on self-reported and

observed feelings of valence (i.e., on a scale that ranges from feelings of displeasure,
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unhappiness, annoyance, dissatisfaction, gloominess, hopelessness and boredom to feelings
of pleasure, happiness, satisfaction, content, hope, and interest) and activation (i.e., an
indication of the intensity of the valence, ranging from calm, relaxed, sluggish, dull, sleepy
and unaroused to excited, stimulated, frenzied, jittery, wide-awake and aroused) during the
frustration condition of the Affective Posner Cueing Task. The hypothesis was that children
who have been diagnosed with DMDD would report more unhappiness and arousal following
trials that resulted in punishment (i.e., losing points) and frustration (i.e., rigged feedback on
accuracy or speed) and present more behaviours associated with frustration. The DMDD
group exhibited statistically significantly more arousal than the control group at baseline

(p = .036) and no statistically significant differences in valence. However, statistically
significant correlations between observed frustration behaviour and self-reported data were
evident. In the control group, observed whining was the only behaviour that was positively
correlated with self-reported arousal (p = .004), indicating a self-awareness of increased
arousal and the ability to correctly identify and describe it. In the DMDD group, observed
frowning was negatively correlated with self-reported valance (p = .025), whereas observed
sighing was negatively correlated with self-reported arousal (p = .042). Observed global
distress (p =.017) was negatively correlated with self-reported valence, while observed
global affect (p = .010) were positively correlated with self-reported valence. This means that
participants in the DMDD group exhibited non-verbal expressions of frustration and reported
feelings of displeasure, but under-reported or under-estimated the intensity of these feelings
(i.e., arousal). These findings only partially support the hypothesis in that DMDD participants
reported lower levels of valence that correlated with observed global affect and distress. The
finding that they reported more feelings of pleasure when exhibiting difficulty in regulating
emotions are similar to that of previous research, which suggested that boys with

externalising symptoms (i.e., oppositional defiant disorder and conduct disorder) and
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attention/deficit hyperactivity disorder, which is often comorbid with DMDD (Driver &
Thomas, 2018; Rigling et al., 2017), did not perceive themselves as having impairments in
regulating their emotions and displayed reduced awareness of external, as well as internal
emotional cues (Factor, Rosen, & Reyes, 2016; Schoorl, VVan Rijn, De Wied, Van Goozen, &
Swaab, 2016a; Zimmermann, 2006). These results are also aligned with those of another
study where male adolescents with severe behavioural problems had more difficulties in
describing their feelings than did controls (Manninen et al., 2011). It is therefore a possibility
that children with DMDD have reduced awareness of their emotions and, unlike the control
group, are not able to adequately to appropriately describe their feelings. However, this is in
contradiction to studies that found higher self-reported levels of frustration in children with
severe mood dysregulation than in control subjects in response to blocked goal attainment,
possibly attributable to a failure to regulate the approach system (i.e., the inability to inhibit
approach responses when these responses are not successful; Deveney et al., 2013; Thomas et
al., 2014). This discrepancy between self-reported levels of frustration and observed
frustration in the current study could, in part, be explained by differences in social desirability
levels between the two groups, with the DMDD group under-reporting feelings of frustration
in order to appear more favourable than the participants in the control group (Dadds, Perrin,
& Yule, 1998).

The fourth research aim, which follows directly from the proposed failure of the
social engagement system, was to determine whether children with DMDD have significantly
reduced acoustic modulation when compared to healthy controls. Only one statistically
significant difference emerged during the negative prosody task, which was that the
participants in the DMDD group appeared to have more prosodic voices relative to the
control group, as indicated by significantly increased modulation depth (p =.031), during the

recounting of the negative story. This finding is unexpected, as it was hypothesised that
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children in the DMDD group would have reduced acoustic modulation relative to the control
group. However, this may be an indication of greater instability in their voices (such as,
quivering) or, as parents indicated in the social behaviour and communication questionnaire
(discussed under the sixth research aim), the inability to perceive and adapt to social
situations appropriately when the demands on social behaviour are changed or unstated (i.e.,
it is possible that the participants in the control group used quieter voices because the strange,
indoor or more formal context demanded it, while participants in the DMDD group did not
perceive such cues and failed to adapt to the new situation). A follow-up study with a bigger
sample may help to separate some of these nuances.

Also unexpected, were results that indicated significant negative correlations between
RSA and modulation depth in the control group during the positive (p = .012) and negative
(p = .003) prosody tasks and at recovery (p = .004). Less variability in acoustic features of
vocalisations (i.e., usually described as monotone) would be expected with vagal withdrawal
(i.e., reduced RSA). However, studies that investigate modulation of vocalisation features in
relation to autonomic state in humans are limited and typically restricted to infants (e.g.,
Kolacz, 2016; Kolacz et al., 2018; Shinya, Kawai, Niwa, & Myowa-Yamakoshi, 2016;
Stewart et al., 2013; Unwin et al., 2017). One possible explanation for this anomaly is that,
perhaps, in older children and adults, more smoothly modulated voices are associated with a
calmer autonomic state and that, as with vagal tone, moderate acoustic variation, as compared
to low or high variability, characterises an optimal balance of arousal and regulation that
allow individuals to adaptively respond to, and constructively engage with, their
environment. This appears to be an important question to explore as efforts are continued to
understand the relationship between autonomic state and psychopathology.

Therefore, results for the fourth research aim suggested that vagal regulation, and

associated acoustic modulation, differ between children who have been diagnosed with
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DMDD and typically developing controls, particularly when associated with negative
emotional stimuli. Findings also support a growing body of evidence suggesting a potential
non-linear (i.e., inverted U-shaped curve) relationship between vagal tone, and by
implication, acoustic modulation, and wellbeing (Kogan, Gruber, Shallcross, Ford, & Mauss,
2013).

The fifth research aim, which is directly related to the development of the social
engagement system, as proposed by the polyvagal theory (Porges, 1995, 1997, 1998, 2001,
2004), was to determine whether children with DMDD and children in the control group
revealed significantly different self-reported attachment styles. Children with DMDD scored
significantly higher on the avoidant attachment scale than those in the control group,
suggesting that avoidant attachment, and by implication, parenting style (Beauchaine et al.,
2007), may be a contributing factor in the development of DMDD. This confirms evidence
that dysregulation of negative emotion is prominent in children with an avoidant attachment
style (Movahed Abtahi & Kerns, 2017). The hypothesis that vagal tone would be linked to
both avoidant and anxious attachment styles was only partially supported. Only anxious
attachment was significantly negatively correlated with vagal tone, regardless of group
membership (i.e., the higher the score on the anxious attachment scale, the lower vagal
regulation). Research on the relationship between attachment style and vagal regulation is
inconsistent, and, again, mostly limited to infants and younger children. An association has
been established between more vagal withdrawal in avoidant-attached infants compared to
securely attached infants in one study (Hill-Soderlund et al., 2008) during the Strange
Situation procedure (Ainsworth, Blehar, Waters, & Wall, 1978), while several other studies
found that RSA increased in insecure-avoidant infants (Movahed Abtahi & Kerns, 2017;
Smith, Woodhouse, Clark, & Skowron, 2016) and decreased in insecure-resistant infants

(Smith et al., 2016). In contrast, no associations have been found between attachment quality
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and RSA reactivity in preschool children (Stevenson-Hinde & Marshall, 1999). Adolescents
who classified themselves as both avoidantly and ambivalently attached displayed more
symptoms of internalising and externalising symptoms than those who classified themselves
as securely attached (Muris, Meesters, & van den Berg, 2003). Currently, there is no clear
pattern of association between vagal regulation and attachment style and the results may be
linked to developmental stage (i.e., cognitive development improves with age, particularly
the regulation of executive functions). It is possible that parasympathetic reactivity varies
according to the type of stressor (e.g., social, emotionally evocative, or cognitive) and other
contextual factors (e.g. attachment style of caregivers, confounding variables, etc.), as well as
the age of the child (Pietromonaco & Powers, 2015). The potential link between avoidant
attachment style and DMDD evident from this study warrants further investigation in a larger
sample.

The final aim of the study was to explore whether the parent-reported levels of
impaired social communication and behaviour skills correlated with vagal tone during the
frustration condition of the Affective Posner Cueing Task, and whether these symptoms
improved as a consequence of starting medication. From a polyvagal perspective (Porges,
1995, 2004), it would follow that children with a compromised social engagement system,
indicated by attenuated vagal tone, would exhibit a higher number of social interaction
problems than those with a functioning social engagement system. The results from this study
support this hypothesis. As expected, in the DMDD group, the number of interaction
problems reported by parents were significantly negatively correlated (p = .049) with vagal
tone during the frustration condition. In other words, when children with DMDD perceived
threat, and experienced frustration due to blocked goal attainment (Beauchaine, 2001), their

vagal regulation was reduced. In children with more interaction problems, this effect was
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more pronounced. However, given the small sample size, these findings need to be replicated
in a larger study.

Parents indicated, at most, moderate improvement in some of the social
communication and behaviour problem areas, but medication did not seem to significantly
improve symptoms of DMDD. This may indicate that there is pathophysiological component
of DMDD that is not being addressed by the current treatment regimes.

Findings from this, and other studies, indicate that a multi-faceted, multi-level
analysis is necessary when investigating the aetiology of psychological disorders, such as
DMDD. Nonetheless, the findings have shed some light on the potential contributions of the
parasympathetic nervous system (in particular, the vagus nerve) to the symptoms of DMDD
and identified some observations and limitations that suggest several directions for future
research.

Limitations of the Study and Directions for Future Research

Several limitations of the present study should be acknowledged and suggestions are
given for how these could be improved on in future studies.

In light of the small sample size, which is not uncommon in studies that apply to
niche sections of the population (as discussed under the first research aim above, e.g., Ahs et
al., 2009; Austin et al., 2007; Bagner et al., 2012; Beauchaine, 2002; Beauchaine et al., 2001;
Chambers & Allen, 2002; Crowell et al., 2005; Degangi, Dipietro, Greenspan, & Porges,
1991; Doussard-Roosevelt et al., 2001; Miskovic & Schmidt, 2010; Panaite et al., 2016;
Porges et al., 1996; Suess et al., 1994; Rich et al., 2010b; Weinberg et al., 2009), the findings
of the current study should be interpreted with caution and replication with a larger sample is
recommended.

From previous research (e.g., Austin et al., 2007; Beauchaine et al., 2007; Bernston et

al., 1993; Bernston et al., 1994; Friedman & Thayer, 1998) and data from the current study, it
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is also evident that heightened physiological preparedness for defence behaviours have both a
parasympathetic and a sympathetic component, but only the parasympathetic component was
quantified during this study due the adoption of the polyvagal perspective (Porges, 1995),
which focuses on parasympathetic cardiac influences. Future studies that include measures of
both components may be able to elucidate the contribution of each to the symptoms of
DMDD.

Reliance on self-report measures, which lend themselves to a number of biases (e.g.,
social desirability bias) is another limitation of this study, particularly in a sample that may
not be able to accurately identify and describe their feelings (Rosenman, Tennekoon, & Hill,
2011). In some instances, however, the lack of appropriate and valid psychometric measures
necessitates the use of self-report measures. For example, there is no gold-standard measure
for attachment style in middle childhood and adolescence (Jewell et al., 2019).

A number of ethical and logistical considerations precluded the control of certain
confounding variables that influence heart rate variance, as well as the exclusion of
participants based on these variables (Laborde et al, 2017). For example, it was not ethical to
wean participants off their medication (classes of cardioactive medication used by
participants in this study included antidepressants, antipsychotics, and stimulants, and
combinations of these) prior to testing, nor was it possible to control their diets (e.g., caffeine
and sugar may affect heart rate variance), sleeping, eating and physical activity patterns
before measuring their heart rates. Future studies may benefit from using the demographic
questionnaire supplied by Laborde et al. (2017) in a larger sample in order to control for these
variables.

Recently, there has been a shift in focus in psychophysiological research with
emphasis on the microbiome-gut-brain axis and the role that the bidirectional communication

between the intestine and the brain (to which the vagus nerve is central) plays in the
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regulation of both metabolism and behaviour (Bonaz, Bazin, & Pellissier, 2018; Groen, de
Clercq, Nieuwdorp, Hoenders, & Groen, 2018; Kolacz, Kovacic, & Porges, 2019). Growing
evidence suggests that intestinal permeability (which is highly influenced by psychological
stress), and the resultant immune activation, has a pertinent role in the pathophysiology of
many psychiatric disorders, such as major depression, schizophrenia, bipolar disorder,
alcoholism and autism (Rudzki & Szulc, 2018). An investigation into whether gut
microbiome and immune activation contribute to the development DMDD, and by the same
token, may offer new therapeutic options.
Conclusion

The results of the present study partially support the polyvagal theory (Porges, 1995,
1997, 1998, 2001) in relation to children with DMDD, as they suggest that these children do
not exhibit the level of vagal regulation that is fundamental to appropriate and adaptive
emotion regulation and social functioning, particularly in response to emotionally evocative
stimuli. The symptoms of DMDD can therefore be interpreted as emergent properties of a
compromised social engagement system, as proposed by the polyvagal theory (Porges, 2004).

The current study also provided a clearer picture of children with DMDD in relation
to typically developing controls. The former children seem to have faulty neuroception (i.e.,
they misinterpret non-threatening cues as threatening) and attentional bias to threat in their
environment, as suggested by divergent RSA trajectories in response to emotionally
evocative stimuli. Children with DMDD also appear to have significantly poorer recognition
of negative emotions in facial expressions and largely avoidant attachment styles. Finally,
attenuated vagal tone was related to the number of interaction problems reported by their
parents. Collectively, these findings contribute to the existing knowledge base regarding this

new diagnostic category.
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Appendix A: Control Group Parent Letter and Consent Form
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Dear Parent/Guardian

My name is Michelle Leal. | am a Psychology PhD student at the University of the
Witwatersrand. | am conducting research in partial fulfilment of this degree. The purpose of
the study is to examine the role of the autonomic nervous system and interaction with the
environment in Disruptive Mood Dysregulation Disorder (DMDD) in children. This study is
of value because very little is known about this disorder and the findings could have
important implications for children who struggle to regulate their emotions at school, home
and with friends. The reason for this letter is to ask your permission for your child/ward to

participate in my research project.

My study will comprise of two short experiments. During the first, participants will play a
computer game while their heart rate is recorded using a non-invasive ECG monitoring
device. The game will consist of three sets of trials during which participants will be shown a
cross, then three white squares, a blue cue block and a white target block. They will be asked
to press the button corresponding to the square on the screen in which the target block
appears. Before, during and after the computer game, participants will also be asked to
complete a short questionnaire to indicate how they are feeling. The second experiment
consists of a short video, during which the participants will be asked to identify six emotions.

They will also be asked to speak about a typical day for 3-5 minutes, which will be audio
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recorded (participant codes will be used during the recording, not your child’s name). During
these tasks, their heart rates will be monitored too. Finally, I will ask them and you to

complete a short questionnaire. In total, this should take approximately one hour.

The aim is to determine whether children with DMDD show differences in the way their
autonomic nervous systems respond to cues in the environment compared to children without
the disorder. In order to gather data, | require the voluntary participation of children without a
diagnosis of a mental health disorder and who don’t suffer from chronic medical conditions
or disorders from various schools. Immediate family members must also be free of a

psychiatric diagnosis to ensure that the data is not distorted.
In addition, your child/ward should not exhibit the following:

e Temper outbursts occur at least three times per week
e Irritable/angry mood present for most of day, on most days, in at least two settings (at
home, school or with friends) for more than one year

e These symptoms are severe in at least one setting

I am therefore inviting your child/ward to participate in this study. Your child’s/ward’s
participation is completely voluntary. Whether you give permission for your child/ward to
take part in the study or not will not affect his/her education or marks in any way. However,
the school is aware of the project and has given its permission for the study to be conducted.
If you allow your child/ward to participate, please complete and sign the form below and

return the form to your child’s/ward’s class teacher as soon as possible.

Please be assured that all data collected will be kept strictly confidential and that all audio
recordings will be deleted once they have been transcribed. No child will be identified in any
written or spoken report. No identifying information will be requested from your child/ward,

thus preserving your child’s/ward’s anonymity. This does mean that individual feedback
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cannot be given. A summary of the findings of the study and implications thereof can be sent
to you on request. Should you have any questions or if you wish to request feedback, my

contact details, together with those of my supervisor, appear in the signatures below.

There are no risks associated with this study. Although there are no direct benefits for the
children who choose to participate, the study will contribute to a broader understanding of
this disorder and hopefully assist in the development of appropriate treatment and/or

intervention strategies.

If you agree to your child’s/ward’s participation in this study, please complete the attached

consent form and return it to your child’s/ward’s class teacher as soon as possible.

Thank you for taking the time to read this and for considering letting your child/ward

participate in my study.

Please detach and keep this letter.

Yours sincerely,

Michelle Leal Prof Kate Cockcroft(supervisor)
083-200-5134 (011) 717-4511

lealmic@gmail.com kate.cockcroft@wits.ac.za
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I, consent for my child/ ward

(name of child) to participate in the research study to

be conducted by Michelle Leal. | am aware that:

- All details will be kept confidential at all times.
- Participation in this study is completely voluntary.

- My child’s participation or non-participation in the study will have no impact on his/her

current treatment.
- No information that may identify my child or me will be included in the research report.
- My child will not be harmed in any way during the assessment.

- During the assessment, my child may receive misleading information about the exact nature

of the experiment as not to influence results.
- My child’s information will be kept confidential at all times.

- There are no risks or benefits associated with participation in this study.



Name of Parent/Guardian:

Cell number:

Email:

Signed:

Date:
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Appendix B: DMDD Group Parent Letter and Consent Form
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Dear Parent(s)/Guardian(s)

My name is Michelle Leal. I am a Psychology PhD student at the University of the
Witwatersrand. | am conducting research in partial fulfilment of this degree. The purpose of
the study is to examine the role of the autonomic nervous system and interaction with the
environment in Disruptive Mood Dysregulation Disorder (DMDD) in children. This study is
of value because very little is known about this disorder and the findings could have
important implications for children who struggle to regulate their emotions at school, home
and with friends. The reason for this letter is to ask your permission for your child/ward to

participate in my research project.

My study will comprise of two short experiments. During the first, participants will play a
computer game while their heart rate is recorded using a non-invasive ECG monitoring
device. The game will consist of three sets of trials during which participants will be shown a
cross, then three white squares, a blue cue block and a white target block. They will be asked
to press the button corresponding to the square on the screen in which the target block
appears. Before, during and after the computer game, participants will also be asked to
complete a short questionnaire to indicate how they are feeling. The aim is to determine
whether children with DMDD show differences in the way their autonomic nervous systems

respond to cues in the environment. In order to gather data, | require the voluntary
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participation of children who have been diagnosed with DMDD. The second experiment
consists of a short video, during which the participants will be asked to identify six emotions.
They will also be asked to speak about a typical day for 3-5 minutes, which will be audio
recorded (participant codes will be used during the recording, not your child’s name). During
these tasks, their heart rates will be monitored too. Finally, | will ask them and you to
complete a short questionnaire. In total, this should take approximately one hour. If your
child has already completed the first task, the second session will take no longer than 20

minutes.

I am therefore inviting your child/ward to participate in this study. Your child’s/ward’s
participation is completely voluntary. Whether you give permission for your child/ward to
take part in the study or not will not affect his/her current treatment in any way. However,
your doctor/psychologist is aware of the project and has agreed to assist me with the referral
of potential participants. If you allow your child/ward to participate, please complete and sign

the form below and return the form to me.

Please be assured that all data collected will be kept strictly confidential and that audio
recordings will be deleted once they have been transcribed. No child will be identified in any
written or spoken report. No identifying information will be requested from your child/ward,
thus preserving your child’s/ward’s anonymity. This does mean that individual feedback
cannot be given. A summary of the findings of the study and implications thereof can be sent
to you on request. Should you have any questions or if you wish to request feedback, my

contact details, together with those of my supervisor, appear in the signatures below.

There are no risks associated with this study. Although there are no direct benefits for the

children who choose to participate, the study will contribute to a broader understanding of
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this disorder and hopefully assist in the development of appropriate treatment and/or

intervention strategies.

If you agree to your child’s/ward’s participation in this study, please complete the attached

consent form and return it to me.

Thank you for taking the time to read this and for considering letting your child/ward

participate in my study.
Please detach and keep this letter.
Yours sincerely,

Michelle Leal Prof Kate Cockcroft(supervisor)
083-200-5134 (011) 717-4511

lealmic@gmail.com kate.cockcroft@wits.ac.za
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Appendix C: Participant Letter and Assent Form
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= [ Private Bag 3, Wits, 2050
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7o\ Ok ot
4559 ANNES®

Dear Participant

My name is Michelle Leal. | am a Psychology PhD student at the University of the
Witwatersrand. As part of my research project, I am doing a study on the way your nervous

system responds to a computer game.

Part of this research requires that you play a computer game while | measure your heart rate.
This doesn’t hurt at all and involves putting two stickers on your chest and attaching a cable
that wirelessly “talks” to my computer. The game will consist of three sets of trials during
which you will be shown a cross, then three white squares, a blue cue block and a white
target block. You will be asked to press the button corresponding to the square on the screen
in which the target block appears. Before, during and after the computer game, you will also
be asked to complete a short questionnaire to indicate how you are feeling. I will also ask you
to watch a short video and click on faces that you think show certain feelings, and talk to me
for 3-5 minutes about what your day is usually like. It should take you approximately an hour
to complete. If you’ve already played the game, the video and audio recording should only
take about 20 minutes. Your participation is valuable, as it will help us learn more about how

your body reacts to things in your environment and what role it plays in how you feel. | hope
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this information will eventually lead ways of helping kids who struggle to manage their

emotions. | would therefore like to invite you to participate in this research.

Your responses will remain confidential and anonymity is guaranteed. At no time will I know
who you are, since the game and short questionnaires request no identifying information.
Participation will be considered as permission to use your responses for my research project.
You can choose to withdraw at any time during the study. There are no negative
consequences of participating in this study and, should you choose not to participate, this will

not be held against you in any way.

As I am only interested in group trends, and have no way of linking any individual’s identity
to a particular questionnaire, 1 will not be able to give you individual feedback. You may
request general feedback from me on the results of this study after 3 months. If you have any
further questions or require feedback on the research, please feel free to contact me. My

contact details appear below.

Thank you for considering taking part in the research project. Please detach and keep this

sheet.

Yours sincerely,

Michelle Leal Prof Kate Cockcroft(supervisor)
083-200-5134 (011) 717-4511

lealmic@agmail.com kate.cockcroft@wits.ac.za
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If you decide you want to be in this study, please print/write your name. If you decide that
you don’t want to be in the study, even if you have started in the study, then all you have to

do is tell your parent/guardian or me (Michelle Leal).

I, (Print your name) would like to be in this research

study.
(Date of assent)
(Name of parent/guardian who obtained assent)
(Signature of parent/guardian who obtained assent and
Date)

(Researcher name)

(Researcher signature and Date)




278

Appendix D: Recording Consent Form
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Consent Form (Recording)

I, give my consent for my/my child’s

interview with Michelle Leal to be audio recorded for her study. I understand that:

- The audio files and transcripts will not be seen or heard by anyone other than the researcher,

the bioengineer who will analyse the vocalisation features, and her supervisor.

- The recordings and transcripts will be kept in a safe place and recordings will be deleted

once transcribed.
- No identifying information will be used in the transcripts or the research report.

- Although direct quotes from my/my child’s interview may be used in the research report,

I/my child will be referred to by a pseudonym (Respondent X, Respondent Y etc.)

Signed:

Date:
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For administrative use:

Reference no. D2017 / 319 AA
Enquirios: Diane Buntting 011 843 6503

,.,.g} GAUTENG PROVINCE

& REPUBLIC OF SOUTH AFRICA

GDE AMENDED RESEARCH APPROVAL LETTER

Date: 5 October 2016
Validity of Research Approval: 6 February 2017 to 30 September 2017
Previous GDE Research D2016 / 335 A dated 13 November 2015 and
Approval letter reference number | D2016 / 049 dated 14 May 2015
Name of Researcher: Leal M.

. 36 Fairlands Estate; 174 Wilson Street;
Address of Researcher: Fairland: 2170
Telephone / Fax Number/s: 011431 0934; 083 200 5134
Email address: 1280858@students.wits.ac.za
Research Topic: Vagal tone in Disruptive Mood Dysregulation

Disorder

‘Number and type of schools: \T’Fdﬂﬁ Primary and THREE Secondary schools
District/s/HO = | Gauteng North

Re: Approval in Respect of Request to Conduct Research

This letter serves to indicate that approval is hereby granted to the above-mentioned
researcher to proceed with research in respect of the study indicated above. The onus rests
with the researcher to negotiate appropriate and relevant time schedules with the school/s
and/or offices involved. A separate copy of this ietter must be presented to the Principal, SGB
and the relevant District/Head Office Senior Manager confirming that permission has been
granted for the research to be conducted. However participation is VOLUNTARY

The following conditions apply to GDE research. The researcher has agreed to and may
proceed with the above study subject to the conditions listed below being met. Approval may
be withdrawn should any of the conditions listed below be flouted

CONDITIONS FOR CONDUCTING RESEARCH IN GDE

1 The District/Head Office Senior Manager/s concemed, the Principal/s and the chairperson/s of
the School Governing Body (SGB.) must be presented with a copy of this letter.

2 The Researcher will make every effort to oblain the goodwill and co-operation of the GDE District
officials, principals, SGBs. teachers, parents and learmers involved. Participation is voluntary and
additional remuneration will not be paid, ﬂ,’(’ lalo )

o) 16/ 06 |

Making education a societal priority

Office of the Director: Education Research and Knowledge Management ER&KM)



10

11.

Research may only be conducted after school hours so that the normal school programme /s not
interrupted. The Principal and/or Director must be consulted aboul an appropriate time when the
researcher/s may camy out their research at the sites that they manage.

Research may only commence from the second week of February and must be conciuded by the
end of the THIRD quarter of the academic year. If incomplete, an amended Research Approval
letter may be requested to conduct research in the followirng year.

ltems 3 and 4 wil not apply to any research effort being undertaken on behalf of the GDE. Such
research will have been commissioned and be paid for by the Gauteng Department of Education

it is the researcher's responsibiity to obtain wrilten consent from the SGB/s. principalss,
educator/s, parents and leamers, as applicable, before commencing with research.

The rasearcher is responsible for supplying and utilizing his/her own research rescurces, such as
stationery, photocopies, transport, faxes and lelephones and should not depend on the goodwiil
of the institution/s, staff and/or the office/s visited for supplying such resources.

The names of the GDE officials, schools, principals, parents, feachers and leamers that
participate in the study may not appear in the research title, report or summary.

On compietion of the study the researcher must supply the Director: Education Research and
Knowledge Management, with electronic copies of the Research Report, Thesis, Dissertation as
well as a Rasearch Summary (on the GDE Summary template). Failure to submit your Research
Report, Thesis, Dissertation and Research Sumynary on completion of your studies / project — a
month after graduation or project completion - may result in parmission baing withheld from you
and your Supervisor in future.

The researcher may be expected to provide short presentations on the purpose, findings and
recommendations of hister research to both GDE officials and the schools concerned,

Should the researcher have been invoived with research at a8 school and/or a districthead office
level, the Director/s and school/s concerned must also be supplied with a bref summary of the
purpose, findings and recommendations of the research study.

Ihe Gauteng Department of Education wishes you well in this important undertaking and looks
forward to examining the findings of your rescarch study.

Kind regards

Liti ce=
B 1 T 807 s O, T,

Dr David Makhado

Director: Education Research and Knowledge Management

)c.ll /",‘( /( &
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Date: 14 March 2017
o 06 February 2017 — 29 September 2017
Validity of Research Approval:
M2017/319AAA
T'il_amo of Researcher: Leal M.
Address of Researcher: 36 Fairlands Estate, -
174 Wilson Street
Fairland, 2170 =
Telephone Number: 0114310934 083 200 5134 j
Email address: [ 1280858@stuidents@wits.ac.za ’
= 'Vagal tone in Disruptive Mood Dysregulation |
Research Topic: Disorder
' Number and type of schools: | Four Primary and Three Secondary Schools
District/s/HO - ' Gauteng North

Re: Approval in Respect of Request to Conduct Research

This letter serves to Indicate that approval is hereby granted to the above-mentioned
researcher to proceed with research in respect of the study indicated above. The onus rests
with the researcher to negotiate appropriate and relevant time schedules with the school/s
and/or offices involved to conduct the research. A separate copy of this letter must be
presented to both the School (both Principal and SGB) and the District/Head Office Senior
Manager confirmin ission has granged for the research to be conducted,

03 019

The following congditions apply to GDE research, The researcher may proceed with the
above study subject to the conditions listed below being met. Approval may be
withdrawn should any of the conditions listed below be flouted:

Making education a sociofal priority

Office of the Director: Education Research and Knowledge Management
7" Fioar, 17 Simmonds Streat, Johannesburg, 2001
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1. The District/Head Office Senior Manager/s concerned must be presented with a copy of this
letter that would indicate that the said researcher/s has/ave been granted parmission from the
Gauteng Department of Education fo conduct the research study.

2, The DistricHead Office Senior Manager/s must be approached separalely, and in writing, for
permission to involve DistricHead Office Officials in the project.

3. Acopy of this fetter must be forwarded (o the school peincipai and the chaimerson of the School
Goveming Body (SGB) that would indicate that the researcher/s have been granted penmission
from the Gauteng Department of Education fo conduct the research study.

4. A letter / document that outiines the purpose of the research and the anticipated cutcomes of
such research must be made avallable to the principals, SGBs and DistnctiHead Office Senfor
Managers of the schools and districts/offices concemed, respectively.

5 The Ressarcher will make every effort obtain the goodwill and co-operation of all the GDE
officials, principals, and chairpersons of the SGBs, teachers and learners involved. Persons who
offer their co-operation will not roceive additional remuneration from the Department while those
that opt not to participate will not be penalised in any way.

8 Research may only be conducted afler school hours so that the normal school programme is nol
interrupted. The Principal (If at a school) and/or Director (if at a district/head office) must be
consulted about an appropriate time when the researcher/s may camy out their research at the
sites that they manage.

7. Research may only commence from the second week of Februsry and must be concluded before
the beginning of the last quarter of the academic vear. If incomplete, an amended Research
Approval letter may be requested to conduct research in the following year.

8. Mfems 6 and 7 wil not apply fo any research effort being undertaken on behalf of the GDE. Such
research will have been commissioned and be paid for by the Gauteng Department of Education.

9 It is the researcher's responsibilly to oblain written parental consent of all leamers that are
expected (o participate in the study.

10.  The researcher is responsible for supplying and uliising hisfher own research resources, such as
stationery, photocopies, transport, faxes and telephones and shouwld not depend on the goodvill
of the institutions and/or the offices visited for supplying such resources,

11.  The names of the GDE officials, schools, principals, parents, teachers and learners that
participate in the study may not appear in the research report without the written consent of each
of these individuals and/or organisations.

12.  On complstion of the sludy the researcher/s must supply the Director: Knowledge Managemen!
& Research with one Hard Cover bound and an electranic copy of the research.

13.  The researcher may be expected fo provide short presentations on the purpose, findings and
recommendations of his/her research fo both GDE officials and the schools concerned.

14.  Should the researcher have been involved with research at & school and/or a districthead office
level, the Director concemead must also be supplied with a brief summary of the purpose, findings
and recommendations of the research study.

The Gauteng Department of Education wishes you well in this important undertuking and looks
forward to examining the findings of your research study.

Kind

Ms Faith Tshabalala
CES: Edueado] Research and Knowledge Management

DATE:...[.% 03/20'7
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Office of the Director: Education Research and Knowledge Management
7" Flaor, 17 St Strewt, Joh burg, 2001
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Waebsita: www education.gpg gov.za
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Appendix F: Medical Ethics Approval Form

UNIVERSITY OF THE (& HUMAN RESEARCH ETHICS COMMITTEE

WITWATERSRAND, (MEDICAL)
JOHANNESBURG

01 March 2017

Ms Michelle Leal

Faculty of Health Sciences
Department of Psychology
University of the Witwatersrand
Parktown

Johannesburg

Sent by email to:michellel@scarab.co.za

Dear Ms Leal,

Re: Protocol Ref no: M150526
Protocol Title: Disruptive Mood Dysregulation Disorder : A Polyvagal Perspective
Principal Investigator: Ms Michelle Leal
Protocol Amendment

- An Affect Recognition task
- Pr Task

- Request to ask Participants their Race

This letter serves to confirm that the Chairman of the Human Research Ethics Committee (Medical) has
approved the protocol amendments on the abovementioned protocol, as detailed in your letter dated 01
February 2017.

The following documents were received:

e Cover Letter dated 01 February 2017,

*« HREC (Medical) Application (with track changes)
« Study Proposal (With track changes)

* HREC (Medical) Clearance Certificate

Research Office Secretariat: Faculty of Health Sciences, Phillip Tobias Building, 3" Floor, Office 302, Corner York Road and 29 Princess of
Wales Terrace, Parktown, 2193 Private Bag 3, Wits 2050 1 T+27 (0)11-717-1234/2656/2700/1252 E: Lebo.Moeng@witsac 24 | Office E
HREC-Medical ResearchOffice@witsacza 1Website: www.witsacza/research/about-our-research/ethics-and-research-integrity/



WITWATERSRAND,
JOHANNESBURG

(MEDICAL)

UNIVERSITY OF THE é 'HUMANRESEARCHETHICSCOMMIT'I‘EE

Thank you for keeping us informed and updated.

OFFICE OF
THE DEPUTY VICE
Yours Sincerely, CHANCELLOR RESEARCH
0 1 MAR 2017
RESEARCH OFFICE
L MR 1, T R——— HREC (Medical)
Mr Lebohang Moeng
Administrative Assistant

Human Research Ethics Committee (Medical)

Research Office Secretariat: Faculty of Health Sciences, Phillip Tobias Building, 3 Floor, Office 302, Corner York Road and 29 Princess of
Wales Terrace, Parktown, 2193 Private Bag 3, Wits 2050 1 T+27 (0)11-717-1234/2656/2700/1252 E: LebaMoeng@wits.acza | Office E
HREC-Medical ResearchOffice@witsacza IWebsite: www.witsacza/research/about-our-research/ethics-and-research-integrity/
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Appendix G: Guilford Press Reprint Permission

Guilford Publications

370 Seventh Avenue, Suite 1200
New York, NY 10001-1020

5 April 2016 (@guitford.com
(212) 431 9800
PERMISSION AGREEMENT
Michelle Leal
University of Witwatersrand

36 Fairland Estate, 174 Wilson Street
Fairland, Gauteng 2170, South Africa

One-time anly, non-exclusive English language print rights are hereby granted to Michelle Leal {hereafter
referred to as "The Requester”) for the following selection:

BOOK TITLE: HANDBOOK OF EMOTION REGULATION
AUTHOR/EDITOR: J.J. Gross

TITLE OF SELECTIONS: Figure 1.4 and Figure 1.5
AMOUNT DUE: No Charge

One-timea non-exclusive world rights in the English language for print and electronic formats are granted for your
requested use of the selections above in your thesis to be published by the University of the Witwatersrand.

Permission fee due: No Charge
This permission is subject 1o the following conditions:

1. A credit line waill be prominently placed and include: the author(s}, title of book, editor, copyright holder, year of
publication and “Reprinted with permission of Guilford Press” (or author's name where indicated),

2. Permission is granted for ona-time use only as specified in your request. Rights herein do not apply to luture
editions, revisions or other derivative works.

3. The requestor agrees to secure wnitten permission from the original author where indicated.

4. The permission granted herein does not apply to quotations from other sources that have been incorporated in
the Selection.

5. The requestor warrants that the material shall not be used in any manner which may be considered derogatory
1o this title, content, or authors of the material or to Guilford Press.

6. Guilford retains all rights not specifically granted in this letter.

Your signature below constitutes full acceptance of the terms and conditions of the agreement herein. Your
signature below constitutes full acceptance of the terms and conditions of the agreement herein, Signatures
may be delivered by facsimile, by electronic mail (e.g. a “.pdf” file) or by any other electronic means that is
intended to preserve the original appearance of the document, and such delivery will have the same effect as
the delivery of the paper document bearing the actual, hand-written signatures.

permissions@guilford. com.

- >

ity Zidilon
Angela Whalen

For Guilford Press

5 April 2016
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Appendix H: Demographic Questionnaire

Child Demographic Information Participant Code:

Session:

(Please cross the option that applies to you, where appropriate)

1. Age: Date of birth:

2 Gender: MALE FEMALE

3. School:

4. Grade:

5. Do you belong to a medical aid: YES NO

6. Parent 1/Guardian 1 highest level of education:

MATRIC VOCATION DIPLOMA DEGREE POST-GRAD

OTHER

If other, please specify

7. Parent 2/Guardian 2 highest level of education:

MATRIC VOCATION DIPLOMA DEGREE POST-GRAD

OTHER

If other, please specify

8. Parent 1/Guardian 1 occupation:

9. Parent 2/Guardian 2 occupation:




10. OPTIONAL: How would you describe your racial/ethnic background:

11. Home language:

AFRIKAANS ENGLISH iSINDEBELE sePEDI
SISWATI seSOTHO XiTSONGA seTWANA
tshiVENDA iISIXHOSA isiZULU OTHER

If other, please specify:

289

12. If English is not your home language, please indicate for how many years you have been

exposed to English:

13. If English is not your home language, please rate your English understanding/

comprehension skills with 1 being ‘not so good’ and 5 being ‘excellent’.

1 2 3 4 5
14. Have you been diagnosed with a learning disability: YES NO
If yes, please
specify:
15. Have you been diagnosed with a mental health disorder: YES NO
If yes, please
specify:

16. Are you currently taking or have you taken any medication in the last 3 months:

YES NO

If yes, please

specify:
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Appendix I: Actiwave Cardio Placement Depiction

Source: CamNtech (http://www.camntech.com/products/actiwave-cardio/actiwave-cardio-overview)



Appendix J: Observed Frustration Reactivity

Global Negative Reactivity

During the frustration condition, the child exhibited:

291

0 1 2 3 4
No distress Negligible distress | Minor distress | Major distress Extreme distress
Pouting
Whining
Fussing
Crying
Swearing

Shouting/Screaming

Tantrumming

Global Affect

During the frustration condition, the child exhibited the following affect:

-3 -2 -1 0 1 2 3
Highly Somewhat Slightly Neutral Slightly Somewhat Highly
negative negative negative positive positive positive

Notes




Appendix K: Attachment Style Questionnaire

Attachment Style Classification Questionnaire for Latency Age Children - Ricky Finzi-Dottan

292

Here are 15 sentences. How true is each of the sentences for you? Everyone has his or her own answer. Try to answer
only what you feel. This is not a test, and there are no right or wrong answers. Read each sentence carefully. Then
choose one of the five answers in the box below. Every answer has a number. Circle the number of the answer that

best describes you.

J
1 2 3 4 5
All wrong Wrong A bit wrong/a bit Right Very right
right
A bit
All Wrong wrong/a bit Right \{ery
wrong . right
right
1 I make friends easily 3 4 5
2 | don't feel comfortable making new friends 3 4 5
It is easy for me to depend on people, especially if
3 ; 3 4 5
they are my good friends.
a | feel uncomfortable if others get too friendly or 3 4 5
too close to me
Sometimes | feel afraid when other kids no longer
5 . 3 4 5
want to be my friend.
I like having good friends and being with them all
6 . 3 4 5
the time
It’s all right with me if good friends trust and
7 3 4 5
depend on me.
8 It’s hard for me to trust others completely. 3 4 5
9 | sometimes feel that others don't want to be 3 4 5
good friends with me as much as | do with them.
10 | believe that those who are close to me will not 3 4 5
leave me.
11 I’'m sometimes afraid that no one really loves me. 3 4 5
12 | feel uncomfortable and get annoyed when 3 4 5
someone tries to get too close to me.
It’s hard for me to really trust others, even if
13 R . . 3 4 5
they’re good friends of mine
Children sometimes avoid me when | want to be
14 . . 3 4 5
good friends with them.
15 | don't mind when people get too close to me. 3 4 5
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Appendix L: Social Behaviour and Communication: Parent Questionnaire

The purpose of this questionnaire is to obtain your perceptions of your child’s social
behaviour and communication. Thank you for your input! It is greatly valued!
PLEASE BE SURE TO ANSWER QUESTIONS ON BOTH SIDES OF THE QUESTIONNAIRE.

Directions: The questionnaire is divided into five areas: Gestural and Facial Expression;
Language and Social Interaction; Listening and Response to Sound; Emotional Regulation
and Reciprocity; and Behaviour.

The “light bulb” provides insight as to the type of situation in which the skill or
ability may commonly be observed. Its purpose is to direct your thoughts and
provide memory cues to aide in the accuracy of assessment.

A. Inthe “A” section, please note whether or not this is an area of concern for your
child. Circle “Yes” or “No.” If you circled “Yes”, go on to the next item. If you circled
“No,” complete items “B”, “C”, “D”.

B. Inthe “B” section, please give an example of behaviours which you have observed.
Please provide rich details describing particular episodes and behaviours. Be sure to
describe the settings in which these behaviours occurred, for example, at home, at
school etc.

C. Inthe “C” section, please note where your child is on an ability continuum. The far-
left marker indicates the complete absence of a skill; the far-right marker indicates
the skills of a typically developing child. Use the symbol “X” to mark your child’s skill
level prior to starting medication and the symbol “O” to mark your child’s skill level
after starting medication. This provides a visual, subjective representation of your
opinion of how far your child has come and how far he/she has yet to go.

D. Inthe “D” section, compare your child’s current performance to his/her performance

n u n u

prior to medication. Is it “a lot worse,
better,” or “a lot better?”

a little worse,” “about the same,” “a little

Adapted, with permission, from the Listening Project Parent Questionnaire
(Bazhenova & Porges, 2000)
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Gestures and Facial Expression

Using gestures spontaneously such as nodding yes/no, waving hello/goodbye,
pointing finger to direct attention, “high-five,” or “thumbs-up.”

Use of body language and facial expression in communication. In a
guiet movie theatre or religious service where talking is prohibited,

how would your child communication something?

A. Prior to medication, my child used gestures in an appropriate manner (circle

one):
YES If Yes, go to Il (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of your child’s gestures not previously observed, but used in
communication following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Gesture use of

typically

gestural use developing child
/ / / / / / /

D. In comparison to before medication, my child’s ability to use gestures in
communication is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Making eye contact connections during communication

Use of eye contact. When sitting face to face at a table, does your
child catch your eye? Does he/she look back and forth between
you and a toy when you play?

A. Prior to medication, my child used eye contact in an appropriate manner (circle

one):
YES If Yes, go to lll (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of eye contact not previously observed, but used in communication
following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Eye contact of typically

eye contact developing child
/ / / / / / /

D. In comparison to before medication, my child’s use of eye contact is:

___alotworse ___ alittle worse ___ the same a little better ___alot
better
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1. Opening eyes wide and lifting eye brows when making eye contact

Use of facial expression. Can you tell when your child is listening
because of the expression in his/her eyes?

A. Prior to medication, my child used appropriate facial expressions while listening

(circle one):
YES If Yes, go to IV (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of facial expression not previously observed, but used while listening
following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Facial expression of typically

facial expression developing child
/ / / / / / /

D. In comparison to before medication, my child’s facial expression while listening
is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better



297

V. Turning to face towards another person when communicating

Looking at you when talking or when wanting something. Does
he/she look to find you before beginning to speak? When reading
or watching a movie together sitting in lap or next to each other,
does he/she turn towards you to talk?

A. Prior to medication, my child looked at the speaker in an appropriate manner

(circle one):
YES If Yes, go to V (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of looking at speaker not previously observed, but used following
medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Orientation of typically

orientation developing child
/ / / / / / /

D. In comparison to before medication, my child’s orientation towards the speaker
is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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V. Tilting head in an expression of interest when listening

Expressing interest with head posture. Does your child tilt head
position to indicate listening or interest?

A. Prior to medication, my child tilted head in an appropriate manner (circle one):

YES If Yes, go to VI (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

E. Description of head tilting not previously observed, but used while listening,
following medication:

F. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Head tilting of

typically

head tilting developing child
/ / / / / / /

G. In comparison to before medication, my child’s head tilting while listening is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Language and Social Interaction

Using words and sentences spontaneously to communicate thoughts and ideas

Use of verbal language to relate thoughts, feelings and events
which have happened, are happening, or will happen. What does
your child tell you when arriving home from school or at dinner
table conversations?

A. Prior to medication, my child used verbal language appropriately (circle one):

YES If Yes, go to VII (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of spontaneous verbal language not previously observed, but used
following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Verbal language of typically

verbal language developing child
/ / / / / / /

D. In comparison to before medication, my child’s spontaneous verbal language is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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VII.  Talking with others

Reciprocal conversation exchanges. Can your child participate in a

reciprocal conversation which continues beyond two exchanges

(asking a question and answering it)? Can he or she switch topics

and talk about something not on his or her own agenda? Can he or
she talk without using scripts from movies or television?

A. Prior to medication, my child talked to others in an appropriate manner (circle

one):
YES If Yes, go to VIII (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of reciprocal conversations not previously observed, but used
following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.
Absence of Talking w/others of typically
talking with others developing
child

/ / / / / / /

D. In comparison to before medication, my child’s reciprocal conversation is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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VIII. Initiating interactions

Relating to others. Does your child come to you to share an idea or

thought? If he/she she is playing with a toy, does he/she connect

with you to share excitement and joy? Think about the difference

between initiations just for social pleasure and for those of

requesting. Does your child initiate just to connect, not just to get
something?

A. Prior to medication, my child initiated social interactions for the sake of social
pleasure (circle one):

YES If Yes, go to IX (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of initiating behaviour not previously observed, but used following
medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Verbal initiation of typically

verbal initiation developing child
/ / / / / / /

D. In comparison to before medication, my child’s spontaneous engagement with
others is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Interacting with peers
Responding with reciprocity in peer relationships. How does your
child relate to other children? Can he/she take turns and

participate in a group game?

A. Prior to medication, my child engaged with peers in an appropriate manner

(circle one):
YES If Yes, go to X (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of peer interactions not previously observed, but engaged in
following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate
ability after.

Absence of Peer interaction of typically
peer interaction developing child
/ / / / / / /

D. In comparison to before medication, my child’s peer interaction is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Reading social cues

Perceiving and adapting to convert social cues. How does your child
react when the demands on social behaviour are changed or
unstated? Does he or she know to be quiet in an audience setting
or that when inside you use a quiet voice?

A. Prior to medication, my child read social situations appropriately (circle one):

YES If Yes, go to XI (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of reading social cues not previously observed, but used following
medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence ofsocial Social cue reading of typically

cue reading developing child
/ / / / / / /

D. In comparison to before medication, my child’s social cue reading is:

___alotworse ___ alittle worse __ thesame ___ alittle better __ alot
better
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Listening and Processing of Sound

Listening to verbal requests

Understanding of spoken words without visual or contextual cues.
How does your child respond if you verbally request an object from
another room or if you say something out of context?

A. Prior to medication, my child listened in an appropriate manner (circle one):

YES If Yes, go to Xl (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

Description of listening not previously observed, but noticed following
medication:

Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Listening of typically

listening developing child
/ / / / / / /

In comparison to before medication, my child’s response to verbal requests is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Tolerating sound and noise

Tolerance of sound. Are there any places that your child doesn’t like
because it is too noisy? How does your child react to common
household noises (e.g., vacuum cleaner, garbage disposal, etc.)? Is
he or she irritated by common noises or frightened by particular

noises?

A. Prior to medication, my child tolerated different sounds without distress (circle

one):
YES If Yes, go to Xl (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

Description of sound tolerance not previously observed, but observed following
medication:

Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate
ability after.

No tolerance of Tolerance of low sounds of

low sounds typically developing child
/ / / / / / /

No tolerance of Tolerance of high sounds of

high sounds typically developing child
/ / / / / / /

. In comparison to before medication, my child’s tolerance of environmental
sounds is:
___alotworse __ alittleworse __ thesame __ alittle better __ alot

better
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Emotional Regulation and Reciprocity

Maintaining emotional control

Regulating emotional control. How does your child react to
unexpected changes? Can he or she switch gears to flow with
changing circumstances without fear, tantrums, or over-
excitement?

A. Prior to medication, regulated emotions in an appropriate manner (circle one):

YES If Yes, go to XIV (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of emotional control not previously observed, but observed following
medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Emotional control of

emotional control typically developing child
/ / / / / / /

D. In comparison to before medication, my child’s emotional control is:

___alotworse ___ alittle worse __ thesame __ alittle better ___ alot
better
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XIV. Overcoming fears

Response to fears. Are there specific things of which your child is
fearful? Any unusual fears or fears which you cannot explain?

A. Prior to medication, my child experienced daily life without unusual fears (circle

one):
YES If Yes, go to XV (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of reduction in fear response observed following medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Atypical Fear reactions of

typically

fear reactions developing child
/ / / / / / /

D. In comparison to before medication, my child’s fear or fear management is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Feeling expression

Emotional reciprocity. Does your child express interest in the
feelings of others or express his/her feelings towards you and
others?

A. Prior to medication, my child expressed and responded to emotions
appropriately (circle one):

YES If Yes, go to XVI (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

B. Description of feeling expressions not previously observed, but used following
medication:

C. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence of Feeling expression of

feeling expression typically developing child
/ / / / / / /

D. In comparison to before medication, my child’s feeling expression is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Behaviour

Organisation of play behaviour

Organising play behaviour. Can your child play independently in an
organised manner? For example, when you are busy fixing dinner,
is your child able to occupy him or herself in some play activity?

Prior to medication, my child engaged effectively in play activities (circle one):

YES If Yes, go to XVII (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

Description of my child’s organisation of play not previously observed, but used
following medication:

Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.
Absence of Organisation of play behaviour
organised play behaviour of typically developing child

/ / / / / / /

. In comparison to before medication, my child’s ability to play on his/her own is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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XVIIl. Tolerating change
Response to change in routine or environment. Is your child able to
flow with unexpected changes in traditional routines? Is your child
able to change from one activity to another without disruption?

A. Prior to medication, my child flowed with change easily (circle one):

YES If Yes, go to XVIII (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

E. Description of new response to change demonstrated following medication:

F. Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Absence ofability Tolerance of change of

to tolerate change typically developing child
/ / / / / / /

G. In comparison to before medication, my child’s ability to tolerate change is:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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Unusual interests

Engaging in preoccupations or unusual interests. Does your child
have interests in unusual objects or is he or she interested in some
activities or objects to an excessive degree?

Prior to medication, my child’s interests were appropriate (circle one):

YES If Yes, go to XIX (next page).
NO If No, go to sections “B”, “C” & “D” (this page)

Description of reduction in unusual interests observed following medication:

Please estimate your child’s performance before and after medication. Place an
“X” on the scale to indicate your child’s ability before and an “O” to indicate

ability after.

Presence of Interests of typically

unusual interests developing child
/ / / / / / /

In comparison to before medication, my child’s unusual interests are:

___alotworse ___ alittle worse __ thesame __ alittle better __ alot
better
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XIX.  Any thoughts or observations regarding specific changes in your child’s behaviour
following medication?



