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Summary of thesis

Symptoms of neurodevelopmental disorders (NDDs) that are established in early childhood
often exacerbate, if left untreated, a@hcontinue into adulthood. There is increasing
evidence that underlyingagio-cognitive and emotional processes contribute to the
development, persistence and severity of NDDs. Theory of mind (ToM), empathy and facial
mimicry, in particular are thought tplay a causal role in the development of
psychopathologyBased on this, it is possible that early ToM, empathy and facial mimicry
assessment may help to identify risk for future NDDs. However, research has not yet
explored their roles in young, prdiagnastic children at risk of developing NDDs. Having a
better understanding of the processes and mechanisms underlying symptoms of NDDs early
in childhood will lead to the development of early interventions that promote a more
positive developmental trajectory

Chapters 2, 3 and 5 of this thesimed to examine the rokeof sociecognitive and
emotional processem children with early signs of NDDs and understand how they relate to
specific emotional and behavioural problem profilbore specificallyChaper 2 examined
ToM in children with broaganging symptoms of NDDs compared to TD contfotsgpter 3
compared ToM and empathy in those with high levels of anxiety compared to those with
low levels of anxiety and explored their relationships with anxietesity; and Chapter 5
SEI'YAYSR (KS NBtS 2F Tl OAIf YAYAONER Ay OKAfFR
responses in those with and without peer problearsd exploring its relationship with peer
problem severityGiven the causal role an impaient in facial mimicry is thought to play in
empathic responding, Chapter 4 investigated the relationship between facial mimicry and

cognitive and affective empathy.



We found that ToM, empathyand facial mimicry are all important processes that
are implcated in the developmentnd explain variation irseverity of symptoms of NDDs.
In addition, we found that ToM was differentially affected across different symptom
clusters; while low levels of cognitive ToM were associated with braading symptoms of
NDDs, high levels of cognitive ToM were specifically related to anxiety symptomatology.
CAylLtfes ¢S RSY2yaiNrGSR GKIFIG FFEOAIFET YAYAONE
FoAfAGe (2 dzyRSNRGFYR | yR SE LIS hhiSpaiedfacRll KSNJ L
mimicry may be responsible for the impaired empathic responding for negative emotions
demonstrated by children with psychopatholo@is thesis suggestisat interventions
GF NBSGOAyYy3 CekpathRraddfgcialanimicy should be considered as a
preventative effort to reduce risk for NDDs before the onset of clinical symptoms and

significant maladjustment.
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Chapter 1: General Introduction

1.1 Neurodevelopmental problems in childhood

Early emerging symptoms of neurodevelopmental disorders (NDi2t)ding externating
(e.g., aggression, disruptioattention and concentration problems) and interrsahg
behaviours (e.g., social withdrawal, low moo@present a growing concern for early
childhood professionals (Poulou, 2013). The reason isNBd¥s causemmediatedifficulty

for parents, teachers, the society and the children themsearesif left untreated, they
alsopose a risk for children in later life (Campbell, 1996ffitt, 1993 Moffitt, Caspi,
Dickson, Silva, & Stanton, 199Bpth externalking and intenalising behaviour profiles have
been linked tdater learning problems, school failure and difficulties in relationships with
other people (Cole, 1990; Doumen, Verschueren, & Buyse, 2009; Miech et al., 1999; Rutter
et al., 1998). Children with chronio/els of externating behaviours are also at increased
risk of substance abuse, criminality and physical violence in adultfiexdlone et al., 1998;
Eley, Lichtenstein, & Moffitt, 2003; Fombonne et al., 2001; Huesmann, Eron, & Dubow,
2002) consequently facing a substantial financial burden on public serv{Septt, Knapp,
Henderson, & Maughan, 2001hdeed, Scott and colleagues (2001) demonstrated that by
the age of 28, individuals with childho@hset externaking disorders cost ten times more
than individuals without, due to the excessive need of NHS, criminal justice and social
service involvement. The literature has also consistently confirmed a strong relationship
betweensymptoms of NDDis childhood and future mental health outcomesdpeland,
Shanahan, Costello & Angqld009;Fine et al., 2003Fombonne et al., 200Hofstra, van

der EndeX Verhulst, 2002; KirCohen et al., 2003dgers et al., 200Rutter, 1995);more
than half of all adults with diagnosed mental hedtifficulties retrospectively report that
first symptoms occurred during childhood and adolescence and that there was a chronic

progression into adulthood (Kessler et al., 2007;-Kiomen et al., 2003).
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Despite the negative impact of childhoggimptoms oNDDson current and future
educational, social and psychological functioning76%o of children and young peopio
experience significant mental health difficulties do not access the support that they need
(Chavira, Stein, Bailey & Stein, 20D4%prsky Girio-Herrera & Owens, 2014; Kelvin, 2014
Merikangaset al., 2011 Sawyer et al., 200Zwaanswijlet al., 2005). This is in part due to
barriers that limit service accessibility (e.g., availability of services; Owens et al., 2002) and
flawed approaches in referral for intervention. Traditional mental health services have
2LISNI (0 SR dagdR® MIOIS QWNRBRRSNI G KF G LINAYIFNARf & F20dz
children and young people at the highest level of risk (DoWwitghey & Kamphau2010).
{AYAT I NI®IFIAKS YEaRSEO Sy O2 dumbsardyavhed $y@ptomdBS | G YSy
KIS NBEDEKSRRZ WQURP® . ASR 2y GKSAS | LIINRI OKSa
mental health difficulties may not be recognised until after their symptoms have intensified
and become deeply entrenchexhd more resistant to intervention efforts (Dvorskgiric
Herrera & Owens2014).
An alternative approach is &xamineearly emotional andehaviouralproblems,
such associal withdrawahnd disruptive behaviouryhich are indicative of futur&lDDs
Indeed, in addition to the children with establishBdD s, there arechildren who are at
highrisk of developinguch disorder® / KA f RNB y Q dfor Ergylsnd 20E8%ut 2 y S NJ
currently showsubclinical characteristics. Interventions targetaayly and ererging
problems in childhoo@dddress problems at their source, and tthas/e the greatest
potential for preventing this developmental trajectory to loteym psychopathology
(Department of Health, 2015; Department of Health & Department of Education, 2017;
House of Commons, 2018honkoff & Fisher, 2013lowever, the current assessment

criteria used to assess NDp®vent early detection.
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1.2 Assessment and diagnosis of clittbd NDDs
TheDiagnostiand StatisticaManualof Mental Disorderd DSMV)is the universally
accepted standard criteria for the classification\ddDs This framework is based on a
categorical conceptualization of psychopathology, whenegychiatric disorders are
presumed to constitute largely discrete entitiéhis classificatioapproachwasfirst
systematizedn the 19th centuryby psychiatristEmileKraepelirand continuesto playan
extensiverole in guidingclinicalandresearchpracticein psychopathology.

The DSM approach relies on assessing overt phenotypic or behavioural symptoms
that emerge later in childhood to diagno8i¥D s (Sheldrick, Maye & Carter, 201%hereas
the critical windows for very early intervention often occufbre the behavioural
symptomsto meet diagnostic criterigmerge(lnguaggiato, Sgandurra & Cioni, 200ther
limitationswith the DSMclassificatiorare heterogeneitywithin singlediagnosesindividuals
with the samediagnosisanexhibitwidely different symptoms Forexample,accordingo
the criteriaoutlinedin the DSMthere are 15 symptomsfor CDandto receivea diagnosiof
CDchildrenmusthaveat least3 CDsymptoms plusimpairment(Hudziak, Achenbach,
Althoff & Pine, 2007). According to theseteria, there are 32,647 different symptom
profiles that would qualify for a diagnosis of (Nbck, Kazdin, Hiripi, & Kessler, 20@&iven
that two people with the same disorder can differ considerably in their expression, it seems
likely thattheir symptoms would stem from different causal influeneesl wouldtherefore
require differentinterventions(Cuthbert& Insel,2013) Another limitation of the DSM
refers to comorbidity An ideal taxonomy produces categories that are mutually exclusive.
However, the DSM has consistently failed to demonstrate clear boundaries between
diagnoses, with multiple diagnoses having overlapping symptoms. In a population sample of

1420 children, aged 9 to 13 years, Costello and colleagues (2003) found that 25.5% o
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children with one DSM disorder met criteria for another 2 or méie: examplechildren
and adolescents with anxiety disorders have the comorbidity of attention deficit
hyperactivity disorder in 50% of cases, depression in28% of cases and disrupe
disorders in 2863% of cases (Angold et al., 1999; Axelson & Birmaher, Bdfderman et
al., 1996 Costello et al., 2003; Curry & Murphy, 1995; Garland & Garland, 2001; Masi et al.,
2004).Similarly, in children diagnosed with ADF2B-30% have comorbid depression and
45-84% meet full diagnostic criteria for ODD either alone or witl{Eddkley, 2006Barkey
& Biederman, 1997/arkley, DuPaul, & McMurray, 19%ipderman, Newcorn & Sprich,
1991;Biederman et al., 1992; Faraone & @eman, 1997; Fischer, Barkley, Edelbrock, &
Smallish, 199CPfiffner et al., 1999Spencer, Wilens, Biederman, Wozniak, & Harding
Crawford, 2000Wilens, Biederman & Spencer, 2002 addition to providing mutually
exclusive categories, an optimahssiication system also consists of categories that yield
few intermediate cased-ances, 1980However, for the many classes of psychopathology,
2yS 2F GKS Y2ald FTNBIjdzSSyld RAF3Iy2aSa Aa ayz2i 2
individualsdo not fit intoa clearcategory Gtein,Black & Pienaar, 2000; Westen, 2012).
Inresponseto theselimitations, researcherdhaveposedareal shift in paradigm;in
additionto examiningsignsof NDDsearlyin childhood,the earlyemergingsymptomsof
psychopathologylsoneedto be consideredrom atranslationalpoint of view. Ratherthan
takingthe traditional view of disordersassymptomclustersbasediargelyon clinical
descriptionsjt hasbeenarguedthat researchersieedto considempsychopathéogyin
terms of dysfunctionin particularsystemsand processegCuthbert& Insel,2013).
Understandinghe processesand mechanismsnfluencingthe developmenal trajectory of
emotionalandbehaviouralproblemswill enablefurther understandng of the etiological

pathwaysto NDDsHowever, for this to be achieved, the implementation of a conceptual
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framework that is able to identify risk factors underlying various forms of psychopathology
across different levels of severity necessary (Cuthbert, 2014; Insel, 2014).

1.2.1 Transdiagnostic theory

In support of this, lhe transdiagnostic theory aims to identifyansdiagnostigprocesses or
factors that contribute to the onset and maintenance of numerous disor@féagburn,

Gooper, & Shafran, 2003Yypically, risk factors have been studied within the context of a
particular disorder. For example, factors that increase the risk of developing social anxiety
disorders have been investigated within individuals diagnosed witlalsakiety. However,
there is evidence that risk factors for one specific disorder may also present a risk for other
disorders, particularly disorders that are highly comorbid. One example would be
impairments in regulating negative emotions. Negative eomdlity has consistently been
identified as a major risk factor for a range of intergalj and externading problem
behaviours, including depressive disorders, anxiety, psychopathy and ADHD (Boschloo et al.,
2013; Cole, Zahwaxler, Fox, Usher, & Welsh, 1996; Eisenberg, Fabes, Guthrie, & Reiser,
2000; Gilliom & Shaw, 200Hlicks & Patrick, 20Q®othbart, Posner, & Kieras, 2006
Wernicke et al., 2019). Consequently, instead of examining risk factors for each specific
disorder, a beter approach to understanding psychopathologguld be to focus on
transdiagnostic factors that contribute to the development and maintenance of various
forms of mental illness (e.g., Aldao, Noldoeksema, & Schweizer, 2010; Buckholtz &
Meyer-Lindenberg2012).Having a better understanding of the transdiagnostic factors that
contribute to various forms of psychopathology will allow the development of treatments
and interventionghat target shared features of multiple disordesstransdiagnostic
approachto developmental risks aligns with ttéational Institute of Mental S £ (§ K Q&

Researcibomain Criteria framework (Casey, Oliveri & Insel, 2014).
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1.2.2 The Research Domain Criteria (RDoC)

TheResearch Domain CriteriRDoCis a new classification framewofor conducting
research into mental health disorde(8uthbert & Insel, 2013; Insel, 201B).contrast to

the usual approaches to psychiatric classification, the RidlwGcates studying the
underlying processes in mental health problems. €higbles he development of
personalised intervention and treatment options for psychopathology, which are targeted
at a specific phenotype, rather than a diagnostic group (Cuthburt & Insel, 2013). The
framework alsaadopts a fully dimensional approach,aaling the assessment of disorder
severity and subclinical presentations of disorders (Lebeau et al., 2012).

TheRDo@ & 02y a i NHzOGSR | NRdzy R & A éachWiRwidhlisA y 4 Q 2
madeup2 ¥ OGN} YARALFIY2aGA0 WO2 ya éedibndsipiocedsesSy 02 Y LI
mechanisms and responses proposed to underlie a number of NDDs (Insel et al.TB@10).
six domains of RDoc arfl)negative valence systems (processes that respond to aversive
situations); (2) positive valence systems (proces$isasrespond to rewards); (3) cognitive
systems; (4) systems for social processes; (5) arousal/regulatory systems; and (6)

sensorimotor systems (Cuthbert, 2014).

1.3 Sociecognitive and emotional functioning

A promising line of research towards gaininglier understanding of the mechanisms

dzy RSNI @Ay 3 LJAEOK2LI GK2f 238 7T 200aptseéand2y AY RA DA
emotional functioning (Denham & Brown, 2010; Gillies, 2011; Greenberg et al., 2003). Socio
cognitive and emotionatharacteristicsn the early years have implications for the

development of social behaviours amdpairmentsin these abilities play a central role in

various domains of psychopathology (Bierman & Welsh, 18cessful socicognitive

andemotional functioning is reliant on partial mutual dependence of a number of brain
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regions (e.g.amygdala, anterior insula, superior temporal sulcus, ventral and medial
prefrontal cortex, and temporoparietal junction; Adolphs, 2009; Dunb@09; Porcellet
al., 2019van Overwalle, 200%and a number of constructs across multiple domains of
functioning(Fonagy & Luyten, 201&ur & Gur, 2016 Given the complexity of socio
cognitive ancemotional processes, impairments in any of the constructs assocvatedt,
will result in significant impairmentn RDoC termst has beerproposel that difficulties
with negative valence systems, positive valence systepmitive systemssystems for
social processesnd arousal and regulatory system all key in children with diagnosed
NDDBs andearly sigs of psychopathologynore generallySpecified constructs includé€l)
the ability to respond tdear, loss andanxiety-provokingsituations or contexts
approprigely (negative valence systems, arousal systerfithe ability tolearn which
actions or stimuli are associated with positive outcomes @spond to positive
motivational situations or contexts appropriatglyositive valence systems, arousal
systems)(3) the ability toconstruct and transform representations of the external

environment, acquire information from, and make predictions about, the external world,

Ay Of dzZRAY 3 LISNOSLI A 2y pkyghBlogkal siate@idgititielsystiemsz2 y 2 F

2

systems for social process&s) YR on0 (KS FToAfAle (G2 LISNOSAQD

O2y @Se 2y SQa 2 g y-vethilg viaNazigl expressidndgriitie syseernyfs,
systems for social processes, arousatems)Consitent with the RDoGapproach this
thesis focuses oaxaminingthree key aspects of socmpgntive andemotionalprocesses
that are hypothesied to play a key rolan a range of emotional and behavioural problems
and could inform transdiagnostic early idditation and intervention approaches for

psychopathologyTheory ofMind, empathy and facial mimicry.
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1.4 A case for Aeory of Mind

1.4.1 What is Teory of Mind?

An essential aspect of soetognitiveand emotionafunctioning is the ability to make

inferences about the psychological states of others (Adolphs, 2001). This function, known as
¢tKS2NE 2F aAyR o0¢2av0vr SylLoftSa Fy AYRADARdZ €
behaviour in social situation®remack & Woodruffl978. As children develop, so does

their ToM understanding; they increasingly see human beings as individuals with beliefs,
desires, intentions and feelings that are separate to their oM is also often referred to
asfolk psychology, mindreadirand mentalising(Stitch & Nichols, 1995; Whiten, 1991).
Recently, ToM has been further conceptualised as having both cognitive and affective
components which are supported by partial dependence upon separate anatomical
substrates (Dvash & Shamagoory, 2014). WHn participating in cognitive ToM tasks,
activation in the medial prefrontal cortex (mPFC), superior temporal sulcus (STS),
temporoparietal junction (TPJ), and temporal poles are significantly pronounced.
Engagement in affective ToM tasks, however, is @ased withareas in ventromedial

(vmPFC) prefrontal cortex. Affective ToM refers to the inferences made regarding other
people's emotions, while cognitive ToM refers to the ability to make assumptions about

people's thoughts (De la Osa, et al., 2016).

1.4.2 Why is ToM important?

The ability to develop accurate accounts of what people are thinking and feeling enables
individuals to respond accordingly. Consequently, the development of ToM has important

AYLIE AOFGA2ya F2NJ OKAf Rrhdoy éndl beha®iQuA (BzUmsk,2 Y Y dzy A O
Smogorzewlka, Grygiel & Orlando, 2019). For example, Weimer and Guajardo (2005)

examinedpred OK22f SNEQ a2O0Alf o0SKIFI@A2dzNEX | a | aasSa
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found that performance on ToM tasks was significaaigociated with ratings of prosocial
behaviour. The relationship between ToM and social competence is also present in older
children, with a metaanalytic review demonstrating positive correlations between ToM and
different subtypes of prosocial behavioflrelping, cooperating, comforting) in children

aged 612 yearslmuta, Henry, Slaughter, Selcuk & Ruffman, 2016).

1.4.3 When does ToM develop?

Most research has suggested thaetlargest developmental shift in ToM understanding
occurs during early claihood (Wellman, Cross & Watsd@01), when typically developing
children attain ToM understanding of mistaken belieffalse beliefbetween the ages of-4

5. In a classic paradigiknown as the Sally Anne location task (Ba@uhen, Leslie & Frith,
1985), children are shown a doll who puts her marble in a box. When she is out of the room,
another doll enters, takes the marble from the box, and hides it in a basket. Children are
then asked where the first doll will look for her nibde when she comes back. Children pass
this task if they acknowledge that people act upon their own beliefs, even if those beliefs
are incorrect. For a long timéhe Sally Anne locatiotask wasthe gold standard measure

for assessing ToM in young childréHowever, researchers now belief that equating ToM
understanding to comprehensiarf a single tasks too simplistic, arguing thateveloping a
ToM involves understanding a number of concepts acquired in a series of developmental
accomplishments (Wellma& Lui, 2004). Indeed, prior to being able to pass the Sally Anne
Location Task, infants demonstrate success on a number of ToM precursors such as joint
attention (Scaife & Bruner, 1975) and preschool children are able to understaredlpee
belief ToMcy OSLIJG 4> &adzOK a RSaANBa yR AylGSylGazya
2014; PouliFDubois & Yott, 2017; Wellman & Lui, 2004; Wellman & Woolley, 1990).

Conversely, more advanced aspects of ToM develop after success on the Sally Anne task.

10
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For examplesecondorder falsebeliefunderstandingi(e., the capacity to conclude what
someone thinks about a third person) is often not achieved until 7 to 9 years (Peterson
Slaughter & Wellmar2018).

1.4.4 How is ToM measured?

The problems with using a single ToM task has led psychologists to

recommend the use of comprehensive ToM measures composed of multiple tasks to assess
a wide rang@ of ToM components that both precede and succeed the mentalizing ability
captured in the SalkAnne task (Wellman & Lagattyta000). The total score of such tests is

a compound score, which is an accumulative score made up of different parts. ToM hesearc
has demonstrated that a compound score is more stable, leading to a more accurate
measurement of the ability (Hughes et al., 2000). These types of tests also allow researchers
to study ToM as a multidimensional construct; investigators can compare Toldareents

in the same child and discover how these components are related throughout development
(BlijtHoogewys, van Geert, Serra & Minderaa, 2008).

In current ToM research, a number of comprehensive ToM test batteries have been
used Examples include the ToM Test (Steernephdeesters & Muris2002), the ToMscale
(Wellman & Liu, 2004) and the ToM storybooks (Bfimbgewys, van Geert, Serra &

Minderaa, 2008). The ToM test by Steerneman and colleagues consists of three subscales
tapping ToM precursors (e.g., emotion recognition), simple ToM and more advaodéd

2 KAfS aAYLX S ¢2a NBFSNBR (2 (K FoAfAGE (2

(0p))

(0p))
puj
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dzy
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ability to reason about second and higkender beliefsd . A laDSDYzZ = Y202 RT1I A S20

Bosacki, 2017)he Wellman and Liu (2004) ToM scale incorporates simple ToM tasks only.

The measures assess various desires, diverse beliefs, knowledge access, false belief

11
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understanding, belieémotion and realapparent emotion. fie last ToM comprehensive

test, the ToM storybooks, also confines itself to simple ToM measures. The instrument
includes 34 tasks tapping core aspects like emotions, beliefs, desires and also associated
aspects, like mentgbhysical distinctions and ToMgxursors. In contrast to the other ToM
batteries, the majority of tasks in the ToM storybooks include justification questions (for
instance, why will Sally look for her marble in the box?). Asking children to justify their
responses eliminates the possityilthat children pass the task based on chance, and
consequently better reflects ToM knowledge (BkJdogewys, van Geert, Serra & Minderaa,
2008). Moreover, there is some indication that individuals with autism use fewer mental

state terms in their narrve explanations of social interactions (Begeer, Malle, Nieuwland

& Keysar, 2010; Klin, 2000; Klin et al., 2003). This led researchers to propose that even when
individuals with social impairments are able to understand and accurately predict other
peopleQd O0SKI @A2dzNJ Ay &a20ALf aAdda GAz2yas GKS& Y
rather their experience and general cognitive abilities. However, to theeise of language

in justification responses lsanly been investigated in samples of indivads with autism.
Consequently, it is not known if compensatory strategies are being utilized by children with

a range of otheemotional and behaviour problesn

1.4.5 Clinical correlates of ToM impairments

The previous section of this Chapter has shaeimportance of successfully

dzy RSNE Gl YRAY3 (GKS YSydalt adrasSa 2F 20KSNBR |y
However, the reverse process alsosexi children who exhibit poor ToM skills engage in

inappropriate interpersonal behaviour associdt&ith a range opsychopathologyln 1985,
BaronCohen, Leslie and Frith found that 80% of high functioning children and adolescents

with autism failed a standard ToM task which was passed by neatypilly developing

12
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(TDOKA f RNBY | vy Fomé corfirdl grou@ These geguRs have been widely
replicated(e.g., BarorCohen & Wheelwright, 2008aronCohen, 1993, 1995, Eisenmajer &
Prior, 1991Hapgé, 1995;Jones, Hapf Gilbert, Burnett, & Viding, 2010; Leslie & Frith,
1988; Reed &eterson, 199)

Almost 30 years later, empirical studies have investigated and documented ToM
impairments in several other childhood mental health disordé&ise work exploring the
relationship between ToM and externsihg disorders has foungoor ToM performance to
be associated witllisruptive disorders, ADH&nd early callousinemotional (CU) traits
(e.g.,AnastassiotHadjicharalambous & Warden, 208)8Hughes, Dunn & White, 1998;
Hughes & Ensor, 2008taoz, Gvirtz, Sheffer & Bloch, 2017; SdnNgller, Hyde & Olsen,
2016). Few studies aiming to further elucidatiee ToM impairmentsassociated with
externalsing problemshave differentiated between cognitive and affective Toliey
demonstrated that whildoth children with conduct problems and alts with psychopathy
show no deficits on tests of cognitive ToM (Jones, da@lbert, Burnett & Viding, 2010;
Sebastian et al., 2018hamayTsoory, Harari, AhareReretz & Levkovitz, 2010), their
affective ToM performance is impaired compared with dbDtils (Anastassicu
Hadjicharalambous & Warden, 20§)&ebastian et al., 201For example, &astian and
colleagueg2012)foundthat relative to TD children, children with CD showed reduced
activation in the brain regions associated with affective ToM performance (amygdala,
anterior insula)

Low levels of ToM have also been foundlinical and TD samples of mideéiehoot
aged dildren, adolescents and adults with interrsaiig behaviours, particularly depressive
symptoms(Bora & Berk, 20%6Caputi, Pantaleo & Scaini, 2017; Kerr, Dunbar & Bentall,

2003 Ladegaard, Lysaker, Larsen & Videbech, 2014; Lee, Harkness, Sabbagh &,Jacobso

13
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2005;Manstead, Dosmukhambetova, Shearn & Clifton, 2&chenkel, Marlovh Q/ 2 Yy 2 NE
Moss, Sweeney & Pavuluri, 2008ang, Wang, Chen, Zhu & Wang, 2008; Zobel et al.)2010
Cognitive models of depression suggest that altered social information progassin

account for these relations (Banerjee, 200Bimilarly, heoretical models of anxiety

propose that dysfunctional schert@awhich rapidly orientate and allocate attentional

resources to social stimubkpntribute to the aetiology and maintenance of anxiety

(Heinrichs & Hofmann, 2001; TbBihanany & Shamalsoory, 2011). Tidtlhananyand
ShamayTsoory (2011argue thatthesedysfunctional schemata result an enhanced

vigilance towardsccially relevant informationHowever, studies on the link between ToM

and anxiety are sparse and results are conflicting; while some anxiety research suggests that
hypervigilance results imcreased ToM tendenci€3ibiElhanay & Shamaisoory, 2011;

Zainal& Newman, 2018) RdzS G2 | (GSyRSyoOe (2 Y2NB | OOdzNI
state of mind, others have found reduced ToM performa(idezel & McNally, 2014; T4bi
Elhanay & Shamalsary, 2011) due to a tendency to attribute stronger emotioasd

more meaning to what others are thinking and feeliMpre inconsistencies in the research
relate to which aspects of ToM are associated with anxiety symptomatatogye studies

have demonstrated an association between anxiety and affective ToM, whereas others have
shown a relationship between anxiety and cognifivaVl. Despite the contrasting results,

the possible elevated ToM abilities in individuals with anxiéspidiers and thespecific
impairments in affective ToM demonstrated in children and adolescents with disruptive
disorders highlight the@ossibility that ToMmay be differentially characterised across

different emotional and behavioural profiles. Howeventher studies are needed to

confirm this.

14
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Althougha lot of researclinas found ToM to be associated with a range of
externalsing and internabing behavioural profiless number of studies have not reported
significant betweergroup differences betweermbse with diagnosed psychopathology and
healthy controlgBertoux et al., 2012Dziobek et al., 2006y Qb A 2 y & SSarfati, f ®X H A mn
HardyBaylé, Brunet & Widlocher, 1998teenhuis et al., 201%zanto et al., 20)2For
exampleh Q b AaBidycadlleagues (2014) compared the neural bases of ToM in children with
autism spectrum disordeASD, CD and TD controls. While children with ASD were found to
exhibit reduced activation compared to both the CD and TD groups, children with CD were
foundto display similatevels of activation in the regions associated with ToM to TD
children.Findings suggest that although both ASD and CD are characterised by social
difficulties, only children with ASD exhibit atypical neural processing associatedoMth T
Moreover, in a longitudingldimensionaktudy of 157children, Steenhuis and colleagues
(2019) failed to find an association between Tabllity at 1213 yearsand depression and
anxietysix years later, leading authors to conclude that ToM is natlaevability factor for
internalising symptomatologyA wide variety of operational definitions may account for the
differing results. For examplén the aforementioned studies ToM has been operationalised
in nineways: (a) the detection of faux pas (Banerjee & Henderson, 2001; Maoz, Gvirtz,
Sheffer & Bloch, 201 Bteenhuis et al., 20)9(b) the detection of deception (Hughes, Dunn
& White, 1998; Hughes & Ensor, 2006); (c) the ability to understanebfidelr cognitive
false belief AnastassiotHadjicharalambous & Warden, 208)8H1ughes, Dunn & Whire,

1998; Hughes & Ensor, 20@henkel, Marlovh Q/ 2 Yy Yy 2NE a2 aax 2PBSSySe
Song, Waller, Hyde & Olsen, 208eenhuis et al., 20]9(d) the ability to nderstand first
order affective falsebelief (AnastassiotHadjicharalambous & Warden, 208)8(e) the

capacity to understand secormrder cognitive ToMRanerjee & Henderson, 200dughes,

15
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Dunn & White, 1998Steenhuis et al., 20}(f) the ability to engge in pretend play
(Hughes & Ensor, 2006); (g) ttegpacity to infer others' true intentions from indirect speech
(Schenkel, Marlovh Q/ 2 Yy Y2 NE a2 aasx 20D0®S3 yicSadilitysto t I P dzf dzNR X
understand thoughts and feeling based on eye gaze Q b A &.y2814)&nil () the
capacity to understand a number of components essential to social communication,
including,pretence, joking, figure of speechhite lie, misunderstanding and irony@aputi,
Pantaleo & Scain2017, 2018 Steenhuist al., 2019. These studies were also
heterogenous in terms of the samples utilized; while some studies investigated ToM in
samples of preto middle-school aged children, others examined the construct in
adolescentsand adults The adoption of differentasks and different aged samples hampers
a clear comparison of findings in terms of Tolpairments

In conclusion, ToM may bet@nsdiagnostic construct associated with a range of
externalsing and internabking behavioural profiles. However, more reseh is needed to
confirm this.Moreover, gven that impairments in ToM have been documentea irange of
childhoodpsychopathologyt is also possible that ToM a construct indicative of early
identification of risk foNDDs Despite this possibility, only two studies to date have
investigated the role of ToM in higiisk children(Banerjee & Henderson, 2001; Song,
Waller, Hyde & Olsen, 20),Gandneitherinvestigated the relations between
psychopathology and affective and cognitive ToM separat¥lyen considering ToM
impairments shown by individuals wiglsychopathologythe distinction between the two
componentss important, given thatognitiveandaffective ToMhave been shown to be
differentially affectedacross different emotional and behavioural profi[@sastassiou
Hadjicharalambous & Warden, 20f)&ebastian et al., 201ZibiElhanay & Shamaysoory,

2011; Zainal & Newman, 201.8
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1.5 A case foempathy

1.5.1 What is empathy and why is it important?

Empathy, generally defined as the ability to understand and share the emotions of others,
compriseshoth cognitive and affective process€&ngnitive empathy is the ability to identify

the emotional $ate and take the perspective of another, while affective empathy refers to

the capacity to experience the same emotional state as andibecety & Moriguchi, 2007)
.SAYy3 ofS G2 dzyRSNEGIYR FyYyR FLILIINRLINGe GSt & N
adequate social interactiorCrden, Critchley, Skuse, & Dolan, 2009; Fridlund, 1991).
Indeed,the ability to empathisenotivates positive factors, such as prosocial behaviour,

social competence and the maintenance of meaningful relationships. Syméanpathy

deficits are negatively associated with undesirable factors, such as aggressive and antisocial
behaviours and impairments in moral judgments (Batson, 2011; Decety & Svetlova, 2012;

Eisenberg, Tracy & Knafo, 20Marsh & Cardinale, 2012).

1.5.2When does empathy develop?

Numerous studies indicate that the affective component of empathy develops before the
cognitive component. Affective responsiveness is present at an early age and is largely
automatic and involuntary. For instances early agighteen to seventywo hours after

birth, newborns display distress reactions when exposed to the sounds of another infant
crying(Martin & Clark1982; Sagi & Hoffmai976; Simnerl971) Moreover, they respond
Y2NB aGNRy3aAfe (2 nayaddge & Sditoisyimll, iicludrsyntt@ic®ry (i K |
sounds, norhuman cry sounds, and their own cry (Martin & C|a882; Sagi & Hoffman

1976; Simnerl971). These results suggest that the display of distress in infants is not due to
the aversive sound of crying but rather appears to be a prerequisite of empathic

responding.

17
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With development, the cognitive capacity begins to emerge. By the seconafear
life childrenuse emotion labels for facial expressidqesy., Denham & Couchout99Q
MacDonald, Kirkpatrick & Sullival®96 Reichenbach & Master$983 Russell & Widen,
2002 Wellman, Harris, Banerjee & Sincla®95 Wellman, Phillip& Rodrigue, 2000, and
by 4years children can accurately assess situational cues and actively imagine what it would
be like to be another person in a particular situati®iellman, Cross & Watso8001). The
oAt AGE G2 NBO23IyAasS | yaRexgeieSey éndbegchildranitk |y 2 ( K
engage in effective helping strategies. For example, over the second year of life, as cognitive
empathy begins to develop, children also bew increasingly capable of a wide variety of
helping behaviours, such asrbal comfort and advice (ZatWaxler et al.1992). The
development of these later cognitive abilities allows children to attach their own
empathetic feelings to the experiences of others, reconstructing the early developing
affective experience ofempité Ay (i 2- TR PAdABRRORSBE LISNA Sy O0S o
1.5.3 Contributors to empathy development
A large body of literatursuggests that social interactions are critical to the development of
SYLI GKéd DAGSY GKIF G OF NEIADSNE Klsaid, itis aAIyAT
not surprising that parenting influences the early development of empathic responding.
wSaSINOK KlFra akKz2g¢gy GKFG OKAf RuNG pateats(B ared G K& A
more accepting of their emotion®rophyHerb et al., 2011Gottman, Katz & Hooven,
1996), (2) display more warmth (Robinson, Zatlaxler & Emde, 1994; Zhet al.,2002);
and (3)provide explanations concerning the causes and consequences of emotions and
direct their children to label emotions (Garner, 2003). P&hild relationship quality has

also been associated with empathic development. Secure attachment and high levels of
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parentchild synchrony have been found to be positively related to empathic responding
(Feldman, 2007; Kestenbauyarber& Sroufe, 1989Mikulincer et al. 2001).

1.5.4 Clinical correlates of childhood empathy impairments

Empathy impairments are associated with a wide rangasgthopathologyin terms of
externalsing behavioursspecificimpairments inaffectiveempathicrespondinghave
consistentlybeen demonstrated in children witBD(Schwenck et al., 2012an Goozen et

al., 2016)jn children withCDand high levels of Gtdaits (Pasalich, Dadds & Hawes, 2014),
in children with ADHD (Maoz, Gvirtz, Sheffer & Bloch7p0tpre-diagnosticchildren with
psychopathic tendencies (Jones, Happe , Gilbert, Burnett, & Viding, 20d®) children at
highrisk of developingriminal behaviouran Zonneveld et al., 2017). A number of studies
have also demonstrated that chikein with disruptive behaviour disorders report feeling less
affective empathy to negative, but not positive, emotiods (Wied, Goudena & Matthys,
2005; de Wied, van Boxtel, Posthumus, Goudena, & Matthys, 2a06% onneveld et al.,
2017).

Empathyimpairments have also been found to play a role in a range of intanngli
problems, including social anxiety, generalised anxiety and symptoms of depression in both
clinical and subclinicglopulationsof adolescents and adul{&uyeung &Alden 2016;EKnci
& Ekinci, 2016Gambin & Sharp, 2018; Morrison et al., 20%6hreiter, Pijnenborg & aan
het Rot, 2013; Thoma et al., 2Q1MibiElhanany & Shamalsoory, 2011 Like ToM
theorists, empathy researchemopose thatimpaired empathic responding in indduals
with internalising behaviourss associated witltheir impairmentsin cognitive processes
such as attentional biasé€e.g.,Thoma et al., 2011; THalhanany & Shamalsoory, 2011
More specificallythe relationship betweemnxietyand empathyis hypothesied to be a

result ofdysfunctional schenta which rapidly orientate and allocate attentional resources
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to social stimuli, resulting in an enhanced vigilance towaatsadly relevant information
(Hanrichs & Hofmann, 20QITibiElhanany & Shamalsoory, 2011 However, also
consistent with research on TgNhere are inconsistencies regarding the direction of
empathy impairments caused by hypervigilance. While some studiesdemenstrated
that anxiety disorders are associated with elevated levels of empathic respogiliygung
& Alden, 2016; Gambin & Sharp, 2018;-Elhianany and Shamaysoory; 2011)due to a
G§SYRSyOeé (2 Y2NB I OOdzNI G St &ind2dihérg groyideA y & A I K {
evidence that those with anxiety problems have reduced empathic abi{@asnbin &
Sharp, 2018; Morrison et al., 20168Ye to a tendency to attribute stronger emotions and
more meaning to what others are feeling. The same inconsigtsrare apparent in the
literature onempathyand depression, with researchers proposing that low empathy
NEFf SOGA 'y AYyONBI &S ABkincLaNGRiacOZDvahdedhareged ¢ A (i K
empathic abilities reflects a hypervigilance to the soeralironment(Schreiter, Pijnenborg
& aan het Rot, 2013; Thoma et al., 20Ipre inconsistencies relate to which aspects of
empathyare associated with anxietgpme studies have demonstrated an association
betweenanxiety symptomatologgnd affective empthy, whereasothers haveshown a
relationship betweeranxietyand cognitive empathic respondinghe results regardinthe
nature of empathy impairments in those witlepressive symptoms are more homogenous;
all studies establishedralationship between depression and affective empathic responding
(Ekinci & Ekinci, 2016; Schreiter, Pijnenborg & aan het Rot, 2013; Thoma et al., 2011), with
only one study additionally finding an association between depression and cognitive
empathy (Ekini & Ekinci, 2016).

Other theorists propose that, rather than a general hypervigilance towards all social

stimuli, individuals withnternalising disordersdisplay a selective vigilance towards threat

20
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(Beck & Clark, 199Beck Emery &Greeberg, 198Dimer, Beevers, Haigh & Beck,
2011;Eysenck, 199 Eysenck, 1997; Mogg & Bradley, 1998gg et al., 1997; Williams et

al., 1988Williams et al., 1997However, oly two studieshaveexamined the relationship
betweeninternalising disordersand empathy according to valende.a sample of 20
participants with depression and 2i&@mographically matched controls, Thoma et al., (2011)
demonstratedthat depressed patientbad higher selfreported dispositional

empathyscores but there were no dérences between the groups in their empathy
performance according to valence. Morrison and colleagues (2016) also failed to find
evidence of a hypervigilance towards thredgmonstratng that social anxiety was
associated with reduced affective empathyy positive affect. That is, individuals with social
FYyEASGe 6SNB tSaa I ofS (2indéekt eviiBncelnyestBatingS NE Q L
the role of facial emotion recognition in individuals wihxiety,however,has found
contrasting results. In line with thieory that hypervigilance is specifically related to
threatening stimulj anxiety symptomatology has consistently been associated with the
processing of negative facial displays of emotidngacial recogition researchthe
hypervigilance towards threas manifested by both impaired and enhanced recognition of
negative facial display®oty, Japee, Ingvar & Ungerleider, 2013; Frenkel &am, 2011;
Garner, BaldwinBradley & Mogg2009;GutiérrezGarcia & Calvo, 201Jarros et al., 2012
Joormann & Gotlib, 2006;au et al., 2012;ee, Herbert & Manassis, 2014; Montagne et al.,
2007;Richards et al., 2008urcinelli, Codispoti, Montebarocci, Rossi, & Baldaro, 2006
Yoon, Yang, Chong@h, 2014)Facial emotion recognition is a contributing factor in the
ability to empathise with others and has been theorised to be a precursor to empathy (Blair,

2005; Marshall & Marshall, 2011; Marshall, Hudson, Jones & Fernandez, 1995). Thus, if
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children with anxiety are impaired in recognising negative emotions, we would exipect
to also display an impairment in empathic responding for negative emotions.

The consistent associations between empathy impairments and a range of
psychopathologicaymptomssupports the transdiagnostic relevance of the construct in
research and assessmesmd the possibility that the construct is indioae of early
identification of risk for NDD$lowever, while impairments iaffectiveempathy for
negative emotions ha been well documented in children with exterraatig problems, the
NREES 2F SYLI (K& Ay sy detimiidursGhyet b Begagiited. Indegd) S N/ |- €
the relationship between empathy and interrsitig disorderdas onlybeen investigated in
adults. This significantly limits our conclusions, given tisktfactors do not confer risk in
the same way for an dividual across the lifespait has beersuggested that clusters of
behavioural and psychological features may be associated with different psychopathological
symptoms across timgCicchetti, 1993; Rutter & Sroufe, 200Qpnsequently, more
researchisnd8RSR (2 0SG 0 SN dzy RS Nhaprotgcivve facwolidipieK @ Q& LJ2
diagnostic high risk samples of childneith internalising problems
1.5.5 The relationship between ToM and empathy
ToM is very closely linked to empathy. Some researchers d@hgiti®oth affective and
cognitive ToM form cognitive empathy, and thus TaMl cognitive empathy are
conceptually interchangeable (Bar@ohen & Wheelwright, 2004). This is based on
neuroanatomical researcfe.g., AbbvAkel & Shamajsoory, 2011; Dvash & ShamBsoory
2014; Shamaysoory & AharotPeretz, 2007; Shamalsoory, Ham, AharonPeretz, & Lev
kovitz, 2010; Shamaysoory, TibElhanany, & AharoReretz, 2007) thatlemonstrates
when a cognitive empathic response is generated,dbgnitiveToM network (medial

prefrontal cortex, superior temporal sulcus, temporal polas)l the affective ToM network
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(ventromedial prefrontal cortex) are typically involved. In contrast, the affective empathic
response is driven mainly by regions that mediate emotional experiences, such as the
amygdala and the insula (Figure 1.1).
However, ¢her researchers propose that ToM is a prerequisite of cognitive
empathy; while ToM is the ability to infer the psychological states of others, cognitive
empathy additionally requires the abilitytdre2 LJG F y2 0 KSNRa LA OK2f 23 A (
(Davis, 1994de Wied, Goudena & Matthys, 2005vash & Shamaysoory, 2014).
| 2yaSljdzsSyidtes gAldK2dzi FANRG ®kekefsantehtions S G2 dzy
and emotions, one would be unable to successfully take the perspective of that person.
Although theke is debate regarding how the constructs are related, overall researchers are
in agreement that ToM and empathy are two related procegBesonCohen &
Wheelwright, 2004Davis, 1994; de Wied, Goudena & Matthys, 2@M#&ash & Shamay

Tsoory, 2011
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- knowthat she *| knowthat she is “| feel herdi
isthinking about feeling anxioustoday” ool hordisirese”
the accident”

Figure 1.1Dvash and Shamayy a 2 2 NE Ql@stratienmeprasénting the relationship
between cognitive and affective empathy and cognitive and affective. ToRFC, medial
prefrontal cortex; STSuperior temporal sulcysr'P, temporal poles; vmEFventromedial
prefrontal cortex; ACC, antericmgulate cortex.

1.6 Facial mimicry

Another construct associated with empathic responding is facial mimtdsyassumed that

SY2iA2ylf dzyRSNEGIYRAYI A& AYyAGAl GSSeeinge GKS

a person display an emotional facial expression often elicits the same expression in the
observer. For example, a common response to seeing snesmile is to smile ourselves.
¢CKS LINPOS&da 2F AYAUGIOAY3 Fy20KSNR& FI OAL f
existence has been establishigdstudies of both adults (Bernieri et al., 1988; Cappella &
Planalp, 1981; Dimberg, 1990) and creld (Chisholm & Strayer, 1995; de Wied et al., 2006,
2009; Haviland & Lelwica, 1987).

Positive emotions typically evoke an increase in zygomaticus major activation (which

pulls up the corners of the mouth) and negative emotions are typically associatied wi

24

(Vo))

M



Chapter 1: General Introduction

increased corrugator activity (which knits the browsy., De Wiedvan Boxtel, Matthys, &
Meeus, 2012; Larsen, Norris, & Cacioppo, 2003; Lundqvist & Dimberg, W@®8)ecent
evidencendicates that there arspecific facial muscle response pattefas specific
emotions.In successiveamples of 61 and 33 TD children, age€f ears, Dschamps and
colleagues (2012, 2018 E I YA Y SR O KRldcthomydgfapRYEME) abtivity in
response to the presentation of dynamic sad and fearful facial esgpwas Sad faces were
found to be related to a combination of corrugator, depressor (pulls down corners of the
lips) and frontalis activation (raising inner brows), and fedeoés were found to be related
to frontalis activation. Studies using faciatognition paradigms in adults show that facial
expressions judged to be fear involve a combinatioracfed and drawn in inner eyebrows,
stretching the lips (risorius) and widening the eyes (Ek&é&mniesen, 1978; Kohler et al.,
2004). In facial EMG studies of children, frontalis activation has been showschéDeps et

al., 2012; 2014), but activation of the risorius, corrugator and eye widen has not yet been
demonstrated, because EMG studies haveineestigated risorius activity or eye widening
in response to fearful facial expressions. Consequently, there is a need for further research
on facial mimicry in young children which focuses on additional sites of muscle activation.
Figure 1.2 shows theauscles associated with facial expressions of happiness, fear and

sadness.
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Frontalis

Corrugator

Eye wide

Zygomaticus

Risorius
Depressor

Figure 1.2Mluscles associated with facial expressions of happiness, feasaaimebss

1.6.1The role of facial mimicry in empathy impairments

The literature proposes two main claims regarding the function of mimicry; (1) it facilitates
emotion recognition and perspective taking (cognitive empathyg., Niedenthal, Brauer,
Halberstadt, & Inne&Ker, 2001 Oberman, Winkielman & Ramachandran, 2002) it

enables emotion contagion (affective empatiatfield, Cacioppo & Rapson, 1994; Hess &
Fischer, 2013; Laird et al., 199 owever, the precise athanism of how mimicry is related
to the development of individual differences in empathy, remains unckerording to the
staged multicomponent model of empathy (Marshall et al., 1995), observing the emotions
of others firstly facilitates emotion recogtion, which results in perspective taking and
subsequently facilitatean emotional response Marshall and colleagues (1995) argue that
without first being able to recognise the emotion and adopt the perspective of that person,
how is one expected to epience a vicarious emotional respondd@wever, other models

of empathypropose thatfacial mimicry specifically underlies affective empathy, given that

both processes are relatively automatic and raognitive (Hoffman, 1984)ndeed, &cial
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expressiongire proposed to generate concordant changes in the autonomic nervous system
(ANS), associated with feeling the corresponding emotion (Leveisoman & Friesen
1990).Consistent with this notiorthe perceptioraction model(PAM; Preston & De Waal,
2002 proposes thawwhen people perceive an emotion in others, they automatically mimic
this emotion, which firstly results in an affective empathic response and then a cognitive
one. Similarly, the facial feedback hypothegidgdmann & Zajonc, 198%uggests that
Ydza Ot S | QUA QDI GA2Y Ay NBalLkRyasS (02 20KSNARAQ SYy2
feedback, inducing a corresponding and congruent emotional response (affective empathy).
This congruent emotional reaction facilitatemotion understanding, and thus cognitive
empathy Hatfield, Cacioppo & Rapsdl994; Hoffman, 1984; Lipps, 190Fmpirical
research conducted in samples of healthy adolescents and augtéound positive
relations between facial mimicry, cognitive pathy and affective empathy (Drimalla,
Landwehr, Hess & Dziobek, 208&ito et al., 2013;an der Graff et al., 2016) and supported
the mediating relationship of affective empath$dto et al., 2013;an der Graff et al.,
2016).Despite these promising filings no study has yet investigated these relationships in
young children, at a time when empathic and facial responses are less likely to be influenced
by social desirability factors.

The link between mimicry and empathy more generally has tsegported by
several brain systems. In typically developing individuedaroanatomical research points
to the involvement of the Mirror Neuron System (MNS). The MNS includes neural circuits
that activatewhen an individual performs an action apdrceives he same action being
performed by others (Buccino et al., 2001, 2004; Rizzolatti & AtlSiB3). This research
indicates that the MNS is the connecting link between cognition and action. When observers

see an action, they internally repeat (simulate) and often times externally repeat (mimic),
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which ensures understanding of that action. Thasion raises an important question: if
people engage in facial mimicry to understand the emotions of othershaogewith
impaired emotional understanding display facial mimionpairments?
1.6.2 Mimicry impairments in children witlpsychopathology
Impaired facial mimicry responses have been demonstratextislescents and adulisith
major depressive disorder, dysphariaSD generalised anxiety disorder and symptoms of
social anxietyfDimberg,1997. Dimberg & Christmansoi991;Dimberg& Thunberg2007,
Heerey & Kring2007, McIntosh, 2006Sloan et al., 2002; Vrana & Gross, 2004; Wexler et
al., 1994). This has led researchers to theorize that impaired facial responsiveness plays a
role in the empathy impairments consistently exhibiteithin these disordersHowever,
research investigating the role of facial mimicry in childhood emotional and behavioural
problems have only utilized samples of children vidisruptive Behaviour Disorder (DBD)
andASDWhile dildren with DBD have beendad to display specific facial mimicry
impairments for negatively valenced facial expressiales\Wied et al., 2006, 2003)hildren
with ASDdisplay impaired mimicry for both negative and positiveei@eall et al., 2008;
Obermanet al., 2009)A reason for the different findings for impaired facial mimicould
be attributed to the different stimulus materials used. In the field of ASD research, only
static pictures of faces have beerad static pictures of posed emotions angeaker stimuli
(Drimalla, Landwehr, Hess & Dziobek, 2019; McLellan, Johnston, Dak#ligote& Porter,
2010;vander Graff et al., 2016), leading to suboptimal recognition rates and lower intensity
and realism ratings compared to dynamic stimuli (Weyral. 2006).

Further support for potential mimicry impairments in children witsychopathology
comes from emotion recognition studies. Facial emotion recognition defaitsegative

(but not positivg emotionshave been found in childreradlescents and adults with both
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externalsing andinternalising behavioural profiles, particularly thoseth DBD(Blair &
Coles, 2000; Blair et al., 2001; Bowen, Morgan, Moore & van Goozen, 2014;dDatds
2006; Fairchild et al., 2009; Hunnikin et al., 2019; Wells et al., under review) and anxiety
symptomatology (e.gFrenkel & BaiHaim, 2011Garner, BaldwinBradley & Mogg2009;
GutiérrezGarcia & Calvo, 201Jarros et al., 2032 au et al., 202; Lee, Herbert & Manassis,
2014).In line withempathy models proposing that mimicry facilitates emotion recognition,
perspective taking and emotion contagiohchildren are impaired iemotion recognition
for negative emotions, we would also expect them to be impaired in their facial
responsivenes negative emotions.

Despite these findings, there are issues concerning facial mimicry responses in
children with social impairments thaieed further exploration. For example, at what stage
in development do atypical responses to facial expressions em&gEhamps and
colleagues (2014) investigated EMG activity in response to emotional face®ini-gear
old TD children, children witbonduct problems and children with ADHD. They found that
all groups displayed significant facial mimicry in response to the emotional expressions of
othersandthat there were no significant differences in mimicry response between the
groups. The authorscy Of dzZRSR G KIF G NBalLlkyasSa (2 20KSNAQ
children and that mimicry may not be impaired until later in developmetawever, @rther
investigation of mimicry in young children wilgmptoms of NDDis necessary.
1.7 The importane of identifyingsociocognitive andemotional impairmentsearly
Identifyingthe sociecognitive ancemotional impairments thatinderlyemotional and
behavioural problems at a young age is important for a number of reasons. The first being
that, psychological wellbeing, defined as a state in which children realise their own potential

and can cope with the typical stressors of life, develops early irtlif€ 6 / KA f RNBY Q4
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2018;Fattore, Mason & Watson, 20D'According to Public Health Engti(2015) the key

LA OK2f 23A0Ft FIFOG2NR GKIFG AyFfdzsSyOS | OKAfR

development, emotional functioning, living conditions and life events. The Social Services

and WeliBeing (Wales) A¢2014) similarly describes wellbeing in relai to children as

GLIK@AAOITY AyGaSttSOtdzatxr SyY20A2ylf YR 0SKI

essential if children are to flourish and lead rich and fulfilling lives. Cognitive development

through learning, including language and commutiaraacquisition, is associated with a

range of wellbeing benefits; it promotes selbnfidence, social inclusion and cohesion, and

builds resilience to stress through thdility to manage emotions, communicate feelings

and think symbolicall{Departmentof Health, 2014Fattore, Mason & Watson, 2007, 2009

Public Health England, 2015BQqually, the ability to recognise and regulate emotions is

associated with empathy, effective social functioning,-sesteem, and positive outcomes

(e.g.,Besel & Yuille01Q Ciarrochi et al., 20QXorden, Critchley, Skuse & Dqgl@009

Eisenberg, Spinrad & Smith, 2004; Eisenberg, Wentzel & Harris,FiS&8er & Manstead,

2016; Fridlund, 1991Gery, Miljkovitch, Berthoz & Soussignad09 Martin, Berry,

Dobranski, Horn& Dodgson, 1996Rey, Extremera & Pena, 20Bthutte et al, 2002

Finally, an environment that is sensitive and supportive is critical in the development of

systems that underpin cognitive and emotional developmttore, Mason & Watson,

2007;Institute of Medicine and National Research Council, 2015; Raby et al), 2018

Consequentlythere are clear opportunities for early promotion of cognitive and socio

SY20A2ylt aiAftta G2 &adz2JIR2NI OKAf RNByQa oSftfo
Secondlyindividuals with externading and internaking disorders often start

showingemotional and behawural problemsearly in life, and once established such

problems continue into later childhood, adolescence and adulthood, resulting in significant
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maladjustment. For example, in a longitudinal study of 1273 participants, Copeland and
colleagues (2015) deonstrated that compared to children without a history of psychiatric
problems,thosewith a childhood disorder between the ages of 9 and 13 had 9 times higher
odds of two or more adverse adult outcomes related to mental and/or physical health, the
legal sgtem, personal finances or social functioning. However,aé¢hat riskcan be

identified and assessed egat, the systems that underpisociecognitive and emotional
developmentcan bebetter understood,creating opportunities foearly interventions ¢
promote positive developmental trajectm@s Indeed, interventions that target individuals

at risk for emotional and behavioural difficulties early in childhood lead to better outcomes
than those delivered later in childhood and adolescence (HumphreygeMyworth, 2016;
Skeem et al., 2014The beginning of school agea crucial time for the development of
emotional, cognitiveand social skillévlaguire, Niens, McCann & Connol16)and offers

a window of opportunity to interven€Dvorsky et al., 2014jouse of Commons, 2019)

1.8 The Neurodevelopment Assessment Unit
The Neurodevelopment Assessment Unit (NDAU
https://www.cardiff.ac.uk/research/explore/researetnits/neurodevelopmat-
assessmentinit) at Cardiff University is a project that targets children agetiyears at risk
of future psychopathologylhe NDAU aims to provide support to the teachers and parents
of children who are showing emotional and behavioural problemanalily aiming to play
a preventative role via early intervention.

Consistent with the RDoC approatte NDAU has adoptedteansdiagnostic
approach to assessment, concentratingsmtiocognitive, emotional and behavioural
dimensionsThe outcomes of thtlDAUassessment are used to produceegort that

LINE FAE S& K Sandriéddfrikinfarmsithie fkalnyllaidnfostailored
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interventions that are delivered by school starhis lelps those who work with the child at
schoolorhomei 2 dzy RSNARUGFYR GKS yI {idz2NE 2F GKS OKAfR
educational provision, prioritise interventions and inform later referrals to clinical services.
WSTFSNNFfa Aydz2z G4KS bs5!! INB R2yS (KNPRdJzAK
a0K22ftQa {LISOALFf 9RdzOFGA2Y DbSSRa /22NRAYIl (2N
the NDAU display a range of emotional and behavioural problems that render them at high
risk of future neurodevelopmental disorders.
The children who are referred to the NDAU have no formal emotional or behavioural
diagnoses, but they do show disordered behaviour. However, because these children have
y2i &S NBI OKSR oksiddddiablind dpigt foryflinical andkeBugatidndS O
services. The purpose of the NDAU is to help these chiloséare theyreach an escalation
point.
1.8.1 Sample
The patrticipants in the research presented in this thesis were primary school agedrchildre
aged 47 years, referred to the NDAU from schools across South Wales. As part of the
NEFSNNI £ LINROSaasz GKS OKAfRQ& UGSFKOKSNI O2YLX S
0{5vT D22RYIYy>Z MppT0O G2 O2yFAN)Y bKSsfoOKAT RQA&
the last 6 months. Given the dimensional nature of the study, all children referred by their
schoolteachers were eligible to take part. Investigation of the teacher SDQ total scores
indicates that 55.5% of the NDAU sample (n = 238) was rateidla®hvery high risk of
Fdzii dzNB LA OK2LJ G K2f 238 61 a0O2NB 2F x wmc 2dzi
all children are referred and accepted, 44.1% of the sample referred are netikigh
Similarly, only 60.1% of the sample reached diagnasitieria for a neurodevelopmental or

mental health disorder, as assessed by the Development and Wellbeing Assessment
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(DAWBA; Goodman, 1997), a sestiuctured research diagnostic interview administered in
the NDAU. Consequently, the overall sample coedisif children with varying levels of
emotional and behavioural difficultie3 his finding further highlights the importance of
using a dimensional approach to psychopathology; although around 40% of the NDAU
sample did not meet the criteria for clinicaliels of psychopathology they did experience
emotional and behavioural problems that impacted on their daily life, causing difficulty for
their teachers and parentonsequently, thegould benefit from an early, tailored
intervention. Children referredd NDAU also exhibited a wide range of emotional and
behavioural problems; 16.8% met DSMTR or International Classification of Diseases-(ICD
10) criteria for separation anxiety, 2.5% for social phobia, 2.5% for OCD, 3.8% for
generalised anxiety, 2.9% fdepression, 39.9% for ADHD, 46.6% for ODD and 10.9% CD.
Once referred children and their families were invited to the NDAU to take part in
two testing sessions, lasting around 4 and 2 hours respectively. During the testing sessions,
children completed mumber of tasks assessing a broad rangsaziccognitive and
emotional abilities, while parents completed a battery of questionnaires and interviews
NEIFNRAY3I GKSANI OKAf RQA& Tahl& Kl pdwicesiaNbuding Sfkide (i K S

two testing days for the children.

Table 1.10rder of task presentation

Day 1

Task Description Duration

Stranger approach hoaSNBIGA2y 2F OKJ 5minutes
a novelintroductionwith researcher

Lucid ability Computer based ognitive abilitytask 20 minutes
BPVS Picture book eceptive languagtask 20 minutes
ANT ROO Computer basedtgention and inhibitory 10 minutes

control task
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Empathy task
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Assesment of pupilsize (arousal), via 10 minutes
eyetracking, in response tpositive,

negative and neutral pictures

Selfreport assessment of cognitive and 30 minutes
affective empathy in response tdrh
clips and facial mimicry recording

False belief tasks Verbally administered beliegmotion 10 minutes
and explicit false belief tasks

Harter Verbally administerededf- 10 minutes
perception/selfesteemtask

FER Computerbased enotion recognition 15 minutes
task

False belief tasks Verbally administered contents false 10 minutes
belief and seconarder false belief tasks

Renfrew Picture book gpressive languagask 10 minutes

AWMA Computer based arking memorytask 20 minutes

BELT Computer based taskssessingasponse 10 minutes
to threat and reward

Height & weight Physical development 2 minutes

Collaboration task Observation of prent-childdynamic 5 minutes
during acollaborationtask

Day 2

Task Description Duration

ANT Pursuit Computer based task assessingtor 5 minutes
coordination & sustained attention

NIH Toolbox; picture ~ Computer based@sodic memoryask 10 minutes

sequence memory
NIH Toolbox DCCS
ANTTapping

ANT Tracking
Hungry Donkey

NIH Toolbox flanker
Perfect blue circle

Saliva sample

Computer basedagnitive flexibilitytask 10 minutes

Computer basedaordinationtask
Computer based oordinationtask

Computer basedisk

aversion/impulsivitytask
Computer basedtgention & inhibitory

control task

Observationalrustrative nonrreward

task
Genetic information

5 minutes
5 minutes
10 minutes
10 minutes

5 minutes

10 minutes
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Due to the continuation of data collection throughout the undertaking of this
research, sample sizes for each chapter vary. Ch&ptexs the first to be written, hence
the sample in this chapter is the smallest. Chapter 3 was the last to be written arefahe
has a larger sample compared to the other chaptév#h regard to the samples it is also
important to note that there is large but not complete overlap between each sample in each
chapter. Participants who were used in the first study (Chapteve2g also used in the
second study (Chapter 5) if they had mimicry data. Likewise, participants from Chapters 2
and 5 were used in Chapter 4 if they had mimicry and empathy data; and participants from
Chapters 2, 5 and 4 were used in Chapter 3 if theydmapathy and ToM data.

For Chapter 2, a TD control sample was recruited from primary schools in South
Wales. Teachers of these children also completed the SDQ to confirm that participants in
this group had low levels of problem behaviours. TD children were assessed indivitaally
guiet room at school.

In Chapter 2, it is alsworth notingthat | refer to the NDAU children as a
Neurodevelopmental Disorders (NDD) group. While these children do not have a diagnosis
of an NDD, theyhave been referred to the NDAU as thaigplay emotional and behavioural

problems indicative of future NDs1d ae consequently at risk of developing NDDs.

1.9 Thesis aim and objectives

This chapter has reviewed key literature suggesting that impairments in ToM, empathy and
facial mimicryunderlya range opsychological problemand thereforeare potential

mechansms that may increase risk NDDsn young pre-diagnostic childrenlt has also
outlined theargumentthat impairments in facial mimicry may be important in explaining
impaired empathic responding in young children with early signs of NB@gever,

research to date has failed to investigate the roldoth affective and cognitive ToMn

35



Chapter 1: General Introduction

addition tothe role of mental state languagk y @& 2 dzy’ 3 QdiagnbsBcNe®ofigdal  LINB
and behavioural difficultiedMoreover,it is clear that thereare still areas of uncertainty
with regards to the specificity dfoMand empathyimpairmentsacross differenemotional
andbehavioural profiles, particulariy individuals with anxietyandwhetherimpairments
in ToM and empathgre observed in young dtren showing early signs ofternalising
symptomatologyFinally it is uncertain whether facial mimicry impairments are a feature of
childhood emotional and behavioural problenasdif such impairments are associated
with impaired empathic responding in young children.

As a result of current uncertainties in the literature, the overarctobgectiveof the
thesis was to exminethe role of ToM, empathy and facial mimicry in childveith early
signs of NDDQgo understand how these processes reléteeach otherandto specific
emotional and behavioural problem profiles. The thesimprisedour empiricalChapters
all of which use participants from the sample described in sedti®ri (p. 31).

Chapter two will assess ToM performance in a sample of childrensymptoms of
NDDBs and acomparison samplef agematchedtypically developing controls. The chapter
hadthree primary aimsto examine whethechildren with earlyemerging symptoms of
NDDspresent with impairments in ToM understanding compared with typically developing
(TD) controlsanduse less mental state terminology in their justifications compared to TD
controls; andwhether childrenwith varying profiles of motional and behavioural problems
perform differently across a range of ToM tasks.a secondary ainwe exploredthe
relationship betweerToM, age and verbal mental ability fiédDDand TD groups separately.

It was hypothesised thathildren displayingymptoms of NDBwould display
impairedcognitive and affectivd oM performance in comparison to TD contratgluse

fewer mental state terms in their justifications compared with controls. It was also
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predicted thatchildren witha disruptive behavioual profile would exhibita specific
impairmert in affective ToM. However, given the inconsistent findings regarding the
directionand nature of impairments in individuals wismxiety-related problems, wehad no
specific predictions about the pattern of ToM impairments in those with anxiety
symptomatology.

Chapter 3 reports of a study examining and compaciognitive and affective
empathy and cognitive and affective ToM in children with high and lowdexenxiety
symptomatologyThe aimwas alsdo characterise the specific nature of the empathy
impairments underlying anxiety, in terms of emotiype, andto explore the contribution
of empathy and ToM in explaining anxief\s a secondary aim, vexplored the role of
gender and age in moderating the associations between empathy, ToM and anxiety.

It was predicted that children withighlevels ofanxietywould differ from those
with low anxietyin their ToM and empathic responding. However, evidenomfthe
limited available research is inconsistent and consequently we were unable to predict the
pattern of sociecogntive andemotional responding in children with anxietyealso
predicted that highly anxious children would exhibit a specific impairment in empathic
responding for negative affect compared to children with low levels of anxiety. However,
once again, due to the inconsistent findings of previous research we were uogtedict
the direction of impairmentFinally, it wasypothesisedhat empathy and ToMvould both
be independentlyassociated with the severity of anxiety symptomatology.

Chapter 4 explor@the relationship between facial imicry and cognitive and
affective empathyn those with symptoms of NDDBwo secondary aims were &stablish

the feasibility of usinghe software packagéffectivato study facial mimicry responses in
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youngchildren(aged between 4 and 7 yegmndto explore the role of gender in
moderating the association between mimicry and empathy.

Based orthe perception action modgPreston & De Waal, 2002he facial
feedback hypothesiéAdelmann & Zajonc, 1988nd previous studies of adults and
adolescentgSato et al., 2013;an der Graff et al., 201p)e expected to find mimicry,
cognitive empathyand affective empathy to be interrelated. Moreover, it was predicted
that affective empathy would mediate the relationship between mimicry and togn
empathic responding. Secondly, we predictdincrease in zygomatic activity in response
to happy faces; an increase in frontalis, corrugator, risorius and eye widen activity in
response to fearful faces; and an increase in corrugator, depressdramdlis activity in
response to sad faceBéschamps et al., 2012; 2Q1Bkmar& Friesen, 1978; Kohler et al.,
2004).

Finally,in Chapter Sve examinedacial mimicryin response to empathy eliciting
dynamic film clipsn children with and withouteacher confirmedSDQ) peeproblems
given that peer problems are associated with a wide range of intesngland externafing
disorders.In line with mimicry and emotion recognition studies of children with
externalsing andinternalising problem behaviourst was predicted that children with
significantpeer problems wouldlisplay arimpaired facial mimicry response i@sponseo
negativeemotions butbe unimpairedin response to positive emotions relative to children
without peer problems. We also expected impairments in facial mimicry for negative
emotions to be associated with severitytebcherreported peer problems.

The four empirical Chapters are currenttlie process of being submitted or have

been submitted as journal papers. They have therefore been presented in paper format.
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Because of this, there may be some repetition in the introductimithe Chapters

However, the hypotheses and results are uniqaghe individual Chapters.
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2. The nature and extent ol heoryof Mind impairments in children

with emergingneurodevelopmentalproblems
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2.1 Abstract
BackgroundResearch indicates thdheory ofMind (ToM) impairments may underlie a
range of psychological problems in childhood, highlighting the possibility that ToM could be
ausefulconstructwhen studying risk foneurodevelopmentatlisorders(NDDs)This study
investigated ToM in young children wigmergingNDDs. We also investigated whether
different patterns of ToM impairment&ere associated with specific clustersahotional
and behaviouratfymptoms.
Method. Eightysevend-7-yearold children with teachereported emotional and
behavioural problem¢NDDgroup) and 3Qypically developinghildren without emotional
and behavioural difficultiesTOgroup) took part. A comprehensiv@ssessmentappinginto
a number of elements of false belief understanding was used to assess cognitive and
affective ToM.
Results.TheNDDgroup did not differ from thelDgroup in affective ToM ability but
exhibited specific impairments in cognitive ToM understand@igildrenwith symptoms of
NDDs also used less mental state terminology to justify bihers were feelingHowever,
despite the significant difference in ToM performance between the two gsppgor ToM
comprehensiorwithin the NDDgroupwas predicted by agand verbal mental abilitand
not by emotional and behavioural problem#ithin the NDDgroupthere were no
differences in ToM performance between children wathwithout disruptivebehavioursor
anxietyrelatedproblems.
Conclusionsimpaired cognitivebut not affective,ToM comprehension is present in74
year old prediagnostic children with a range of emotional and behavioural problems
Amongstthese childrenToM performance is predicted bgge andanguage abilityThese

findings suggest thatoM is a transdiagnostic construct underlying a rangenebtional and
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behavioural problers, andthatf 2 8 § SNA Yy 3 @2dzy3 OKAf RNByQa f | y3
their comprehension of mental states. Consequently, both ToM and language ability need to

be inclded in future research and intervention efforts.

2.2 Introduction
Early emerging symptoms of neurodevelopmental disorders (NDDgudng externalsing
(e.g., aggression, disruption, attention and concentration problems) and intemmli
behaviours (e.g., social withdrawal, low mop@present a growing concern for early
childhood professional@oulou, 203). The reasonsthat young children witiNDDs do not
make the same developmental progress as typically developing childieese children
have poor academic performance (Hinshaw, 1992) and inadequate socialgulsdele,
2018;Poulou, 201% which impact negatively on theielationships withfriends, peers,
family membersaandteachers Botha, Myburgh & Poggenpoé&012 Botha & Wolhuter,
2015 Dalton,2010Q Kourkoutas, Vitalaki & Fowl€t015. Additionallyfor a significant
proportion of schoolaged childrenNDDs persisnto adolescence and adulthood, causing
significant maladjustment, includingiminal activity relational instability, unemployment
drug and alcohol misuse and physical ill health (Caspi et al., ¥88&t & ClarkeStewart,
2008;Moffitt, 2003;Moffitt & Scott, 2008Petitclerc & Tremblay, 200®etitclercet al.,
2009; Rutter & Giller, 198%haw, Gilliom, Ingoldsby & Nagin, 2Q08js possible that
targeting children with early emerging signs of NDDs may prevent the escalation of problem
behaviour. Indeed, early interventions for children witymptoms oheurodevelopmental
problemslead to better outcomes than interventions degred later in childhood or
adolescence (Skeem, Scott & Mulvey, 20T#e beginning of school aggea crucial time for

the development of emotional, cognitive and social skills, creating a window of opportunity
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to intervene at a time wheemotional andoehavioural problems are not entrenched
(House of Commons, 2018).

Theoretical models of emotional and behavioural problems in childhood suggest
that impairedsocal functioningplays a significant role in these difficulti@erman &
Welsh,1997; Goodman, Lamping & Ploubidis, 20@8her, Bear, Sprague, & Doy20.10).

Social impairments persist over time and are significantly associated with a range of NDDs.
However, there isubstantial heterogeneity in social impairments within single diagnoses
and significant overlap of social impairments acnoesital health disorders) | f 2 ktNIE G A 6
2019) That is, individuals with the same diagnosis often exhibit different social muog
deficits, while patients classified under distinct diagnostic categories often exhibit the
similardeficits. These limitations of the current classification systéeenobstacles ithe
identification of the mechanisms and processes underlying simogdirments across
multiple disorders and thuthe development of personalised intervention and treatment
options for psychopathology (Cuthburt & Insel, 2013).

An alternativemethodto the categorically based diagnostic systems is the Research
Domain Criteria (RDo@pproach;a dimensional approach to psychopathology introduced
by the National Institute of Mental Health in 2009 (Casey, Oliveri & Insel, 2014). The RDoC
approachproposes that researcls conducted around six majorodnains of human
functioning that underpin psychopatholog§t) negative valence systems (processes that
respond to aversive situations); (2) positive valence systems (processes that respond to
rewards); (3) ognitive systems; (4) systems for social processes; (5) arousal/regulatory
systems; and (6) sensorimotor systems (Cuthbert, 2014). Each domaaadlésup of
transdiagnostidbO2 y a 0 NHzZOG a QX Sy O2YLJ aadAy3a o0SKIF GA 2 dzNI

and responsgproposed tounderlie a number of NDOsel et al., 2010)n terms of
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impaired social functioninglifficulties withnegative valence systems, positive valence
systems, cognitive systensystems for social processasd arousal systems are kéy.
Indeed, adequate social functionimgcludesthe ability to perceivecorrectly interpret and
adequately respond to social informatipm addition to havinghe emotional processing
and social communication skills necessary to initiate and maintainoektiipso | f 2 BtNS JA 6
al., 2019)Each of these abilities involves partial mutual dependence on each of the
aforementioned RDoC domains and consequently, impairments in any of the domains can
result in social impairment.

A component essential for successful social interactidhné®ry ofMind (ToM) the
ability to make inferences about the psychological states of others. This function enables an
AYRAQGARdzrf G2 dzy RSNEGOF YR 2 NJ LINKighaBrémagki& K S NJ LIS
Woodruff, 1978. Developmental research on ToM has demonstrated that the abiiggns
to evolve during the first year of life (Bosco, Friedman & Leslie, 2006; Onishi & Baillargeon,
2005), and continues to develop throughout childhood, ladoent and adulthood (Bosacki,
2000, 2003; Choudhury, Blakemore & Charman, 2006; Goldstein & Winner, 2012; Maylor,
Moulson, Muncer & Taylor, 200Recently, ToM has been further conceptualised as having
both cognitive and affective components. AffectiieM refers to the inferences made
regarding other people's emotions, while cognitive ToM refers to the ability to make
assumptions about people's thoughts (De la Osa, et al., 2016). The ability to develop
accurate accounts of what people are thinking aeeling enables individuals to respond
accordingly and consequently$& YLI2 NI | yi AYLIX AOFGA2ya F2NJ OKA
communication, interaction and behaviour. More specificalyealthy presence of ToM
has been associated with global social competenceyathy and the ability to resolve

conflict and maintain harmonious friendships (Astington, 2003; Fink et al., 2015; Jenkins &
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Astington, 2000).

The reverse process also &gj children who exhibit poor ToM skills engage in
inappropriate interpersonal behaviour associated WtBDs such as autism. Early research
by BaronCohen, Leslie and Frith (1985) found that 80%igh functioning children and
adolescents with autism failed a standard ToM task which was passed by neapycally
developingTDOKA f RNBY YR | 52gyQa a@yRNRBYS 02y (NP
been widely replicated (e.g., Bar@ohen & Whelwright, 2004,BaronCohen, 1993, 1995,
Eisenmajer & Prior, 199Happé, 1995;Jones, Hapf Gilbert, Burnett, & Viding, 2010;

Leslie & Frith, 1988; Reed & Peterson, 198@pge (1995) conducted a comprehensive

review of 28 studies, which included more than 300 participants with autism spectrum
disorder (ASD) aged3D years. Most higifunctioning children with autism continued to fail
ToM tests into their teendt was concludedhat a chronological age of 13 years and/or a
verbal mental age of 9 are needed for the majority of those with ASD to pass. The deficits in
understanding the mental state of others appear to be related to the difficulties with
interpersonal relationshipsuch as conversation (de Rosnay et al., 2014; Frith, Happé, &
Siddons, 1994; Peterson et al., 2009) and peer interaction (Dissanayake & Macintosh, 2003)
that are prevalent in those with ASD.

Marked social impairments are also present amongst children with other mental
health disordersand ToM impairments may be responsiliter these Indeed, ndividuals
characterised by externaling behavioural profiles show reduced ToM abilities. This has
been reported in different externaling samples, including children witlsruptive
disorders, children with ADH&nd children with callousnemotional (CU) tra# (e.g.,
AnastassiotHadjicharalambous & Warden, 208)8ughes, Dunn & White, 1998; Hughes &

Ensor, 2006Maoz, Gvirtz, Sheffer & Bloch, 2017; Song, Waller, Hyde & Olsen,
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2016). Research suggests that displays of extesmaibehaviours may be due to the
YAAAYOGSNLINBGFGAZ2Y 27F |y 2 (i maylRddo inagpomi&e t 2 3A O f
acts(e.g, aggressin; Deneault & Ricard, 201B8johammadzadeh et al., 2016;
NaderGrosbois, et al., 2013; Wellman, et al., 2DFew studies have aimed to further
elucidate the ToM impairments associated with extersiaj problems and have
differentiated between cognitive and affective TolVhey demonstrated that while both
children with conduct problems and adults with psychopashgw no deficits on tests of
cognitive ToM (Jones, Happe’, Gilbert, Burnett & Viding, 28dBastian et al., 2012;
ShamayTsoory, Harari, AhareReretz & Levkovitz, 2010), their affective ToM performance
is impaired compared with TD controls (Anastasstadljicharalambous & Warden, 2098
de la Osa et al., 2016atlofBedrick, 2017Sebastian et al., 2012).

Low levels of ToM have also been foundlinical and TD samples of middiehoot
aged children, adolescents and adults with depressive symp{Boa & Berk, 2016
Caputi, Pantaleo & Scaini, 2017; Kerr, Dunbar & Bentall,; 2@@®gaard, Lysaker, Larsen &
Videbech, 2014; Lee, Harkness, Sabbagh & Jacobson \N&0&tead, Dosmukhambetova,
Shearn & Clifton, 201%chenkel, Marlovh Q/ 2 Y Yy 2 NE eney & ®Pavaluri, 2608
Wang, Wang, Chen, Zhu & Wang, 2008; Zobel et al.,)20&fnitive models of depression
suggest that altered social information processing may account for these relations
(Banerjee, 2008). Similarly, theoretical models of anxietppse that dysfunctional
schemata which rapidly orientate and allocate attentional resources to social stimuli,
contribute to the aetiology and maintenance of anxi@teinrichs & Hofmann, 200Tjbi
Elhanany & Shamalsoory, 2011)TibiElhananyand ShamayTsoory (2011xrgue that
these dysfunctional schemata resultan enhanced vigilance towardsaally relevant

information. However, studies on the link between ToM and anxiety are sparse and results
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are conflicting; while some anxiety research suggtss hypervigilance results in

increased ToM tendencieSiprElhanay & Shamaisoory,2011;Zainal & Newman, 2018)

RdzS G2 | GSyRSyOé G2 Y2NB | OOdaNY 4SSt & 200l Ay
found reduced ToM performandgiezel & McNally2014; TibiElhanay & Shamaysoory,

2011), due to a tendency to attribute stronger emotions and more meaning to what others

are thinking and feelingMore inconsistencies in the research relate to which aspects of

ToM are associated with anxiety symptorokigy;some studies have demonstrated an

association between anxiety and affective ToM, whereas others have shown a relationship
between anxiety and cognitive empathic responding.

The specific impairments in affective ToM demonstrated in children andeadehts
with disruptive disorders anthe possible elevated ToM abilities in individuals with anxiety
disordershighlight thepossibility that ToMmay be differentially characterised across
different emotional and behavioural profileslowever, further studies are needed to
confirm this.The link between ToM impairments addferent types of psychological
problemsmore generallyprovides somesupyort for the transdiagnostic relevance of this
constructand suggestthat early ToMassessment may help to identify risk for future
neurodevelopmental disorderslowever, only two studies have investigated the role of
ToM in children at highisk of developing psychopathologyd findings were mixed
(Banerjee & Henderson, 2001; Song, Waller, Hyde & Olsen).20hiie Banerjee and
Henderson (2001) demonstrated agaive association between symptoms of anxiety and
ToM in a sample of-k1-yearold children Song and colleagues (2016)ind that poor ToM
was only related to externaing problemsan childrenwith high levels ofCUtraits. They

concluded that impaired oM alone is not sufficient for explaining increased risk for

47



Chapter 2: The nature and extent of ToM in children with symptoms of NDDs

externalsing behaviours but could have social consequences for children who experience
other risk factors (e.g., CU traits).

It is also important to note that not all research has found evageto support an
association between ToM performance and diagnosed psychopathdBegto(x et al.,
2012; Dziobek et al., 2006;Qb A 2 y & SSarfali, Hadd3Bayié /BsuneT & Widldcher,
1999;Steenhuis et al., 201%zanto et al., 20)2For exampleh Qb A 2y a | yR O2f f St
(2014) compared the neural bases of ToM in children with ASD, conduct disorder (CD) and
TD controls. While children with ASD were found to exhibit reduced activation compared to
both the CD and TD groups, children with CD were fdardisplay similar levels of
activation in the regions associated with ToM to TD childremdings suggest that although
both ASD and CD are characterised by social difficulties, only children with ASD exhibit
atypical neural processing associated withMI Similarly,in a longitudinal, dimensional
study of 157 children, Steenhuis and colleagues (2019) failed to find an association between
ToM ability at 1213 years and depression and anxiety six years later, leading authors to
conclude that ToM is notaulnerability factor for internaing symptomatology.
The use of different samples (children vs. adolescestsadulty could account fothe
discrepantresultsacross the aforementioned studieBor example, researchers have
demonstrated that risk factors may not manifest themselves in the same way throughout
the lifespan (Cicchetti, 1993; Rutter & Sroufe, 2000). In addition, a wide variety of
definitions and meanings of ToM may be responsibtariconsistent and unclear results.
Indeed, ToM has consistently been shown to be a multidimensional construct, with
individuals acquiring different components of ToM across developrt@&ijttHoogewys,
van Geert, Serra & Minderaa, 2008; Steele et aD320Wellman & Lagattuta, 2000;

Wellman & Lui, 2004). ToM involvsisnple concepts, such amderstanding the intentions,
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beliefs, desires and emotions of others amdre advanced aspects of mental state
comprehension, including the understanding of faus,daumour and secondrder false
belief (.e.,the ability to understand what someone thinks about a third persémpddition,
as previously mentionedhe construct has recently been further conceptualisedhasging
both cognitive and affective compontn The multidimensional nature of ToM has resulted
in the use of indefinite and varying measures. Moreover, most measures are limited in
scope, only measuring one dimension of the complex construct. Thus, they are limited in
their ability to provide validnd reliable data.

The shortcomings associated with previously used measaes led psychologists
to recommend the use of comprehensive ToM measures composed of multiple tasks to
assess a wide range of ToM components that develop throughout childfMyetiman &
Lagattutg 2000). These types of tests also allow researchers to study ToM as a
multidimensional construct; investigators can compare ToM components in the same child
and discover how these components are related throughout development-{Bigpgdewys,
van Geert, Serra & Minderaa, 2008). Despite these recommendations, only one study to
date has utilized a multidimensional assessment measure of ToWéstigate the role of
ToM in highrisk children(Banerjee & Henderson, 2001). While this studgd a series of
tasks tapping the understanding of intentions, beliefs and emotions, the authors did not
investigate the relations between psychopathology and affective and cognitive ToM
separately.

CKS AYy@SadAraridArzy 27F OKkaliaRkdsBhecvme f | yIdz- 3 S
particularly relevant in recent years. Studies have demonstrated that individuals with autism
use fewer mental state terms in their narrative explanations of social interactions (Begeer,

Malle, Nieuwland & Keysar, 2010; Klin, 20Q0n,Jones, Schultz & Volkmar, 200Bhis has
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led researchers to propose that even when individuals with social impairments are able to
dzy RSNEGIFYR YR | OOdzN» GSf & LINBRAOG 2GKSNJ LIS2L
not rely on their ToM ability talo so but rathemusetheir experience and general cognitive
abilities.The roleof languagen ToM tasks has only been studied in samples of individuals
with autism. Consequently, it is not known if compensatory strategies are being utilized by
children wth a range oheurodevelopmentaproblems

In summary, the evidence presented abmrgygests that Tovhay be a
transdiagnostic construct associated with a range of extesimgliand internabing problem
profiles. However, more research is needed to continis, especially in samples of pre
diagnostic children at risk of psychopathologfyis also not kown whether children with a
range of early emerging neurodevelopmental disordees impaired or delayed across
multiple areas of mental state understanding or only specific aspects. Finally, there are no
data to determine if the lack of mental statetefmy 2 f 2 38 dzA SR Ay | dziA adAcC
narrative of social situations extends to children with a broader range of
neurodevelopmental difficulties.

The current study took place in the context of a broader prajeat targets children
at risk offuture psychopathology. Children were referred by their schoolteachers to the
Neurodevelopment Assessment Unit (NDAU
https://www.cardiff.ac.uk/research/explore/researetinits/neurodevelopmert
assessmentinit) at Cardiff Universitpecause of behaviouraind/or emotional problems.
Using a comprehensive ToM battery, the current study theide objectives: To examine
whether children with early emerging symptoms of neurodevelopmeptablems(a)
present with impairments in ToMnderstanding compared wittypically developingTD

controls; (b)use less mental state terminology in their justifications compared to TD
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controls; and (cyvith varying profiles of disruptive behavioural problems and anxiety
related problems perform dlierently across a range of ToM tasksirther, previous

research in childhood suggests that the relations between ToM, age and verbal mental
ability may differ between control and clinical groups (Hapi991,1995; Yirmiya, Sigman,
Kasari & Mundy, 1992%ince it is unclear whether this is the case in young children with
emerging NDDs, we explored these associations wiiBland NDDchildren separately.
Based on the existing literature, we hypothesised that children displaying emotional and
behavioural dficulties wouldexhibitpoorer ToM performance in comparison to TD controls
and use fewer mental state terms in their justifications compared with contfilgen the
previously reported relationships between conduct disorder and affective ToM reasaning,
was also predicted that children withisruptivebehaviour profiles would exhibit specific
impairments in affective ToM. However, given the inconsistent findings regarding the
direction and nature of impairments in individuals wéhxiety, wedid notmake specific
predictions about the pattern of ToM impairments in those with anxiety symptoms.

2.3 Method

2.3.1 Ethical statement
The study was approved by the relevant university ethics committee and all parents or legal

guardians gave signedpluntary consent for their children to participate.

2.3.2 Participants

In total, 117 children between the ages of 4 and 7 participated in the stady were

assigned to a neurodevelopmental disorder group (NDD) or a typically developing (TD)
control growp. TheNDD groupncluded & children with emotional and behavioural
difficulties recruited via primary schools in South Wales (mean age = 72.74 months; SD=

12.58). These children wergentified by schoolteachers and referred to the
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Neurodevelopment Assessment Unit (NDAU) at Cardiff University, where they completed a
battery of assessment3he TD group included 30 children also recruited from mainstream
primary schools in South Wales (mean age = 70.43 months; SD = 12.03). TD wiitdren
visited at school by a trained researcher and individually assessed in a quietFooail
children, the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) was completed
08 UGUKS AYRAQGARdAZ f OKAf RQ& Ceinbdtianal statss FoQieS NJ G 2
last 6 monthsThis measure is described in greater detail below.

To assess differences in ToM performance across different emotional and
behavioural profiles, ldldren within the NDD group were furthgrouped as children with
andwithout disruptive behaviourgbroblems and children with and withoainxiety-related
problems. These groups were selected basetherestablished norm scoresf the SDQ
scoring guidelines (retrieved from http://
www.sdginfo.org/py/sdginfo/b3.py?languag&nglishqz(UK)To be eligibléo be assigned
to the anxietyproblemsgroupchildren were required to score in the high/very high range
F2NJ SY2GA2y It LINR O SY Althcligh this EuBscalemssessesk n 2 dzi
OKAf RNBYy Qa SY2 i Agandi$ notispedfic fo SnXictycomeS oh hdlEDQ

emotional subscaleorrelate significantly with anxiety symptoms as assessed by other

C

measures of childhood anxiety, such the parent version of thdded/ KA f RNBYy Qa al yA

Anxiety Scale (RCMAS; Muris et al., 2003)e eligibleo be assigned tthe disruptive

behaviouralproblemsgroup, children needed to obtain a score in the high/very high range

for conductproblemsd % n 2 dzi 2 F  wmylldw réhdelfok pfosati#l Behavigus Kk @S NJ

0 Xn 2 dzBarti@ipantsromlyonéeded to reach the threshold for one of these
subscales$o be assigned to this groupraised scores on the conduct problems subsaiae

indicative of disruptive behaviouwhile lowered scores on the prosocial subscale provides
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an indirect measure dafallous unemotionairaits (Blair, Leibenluft & Pine, 2014; Kimonis et
al., 2016)The hyperactivity subscale was not usedssign groupas research hasnly
demonstratediower leves$ of affective ToMn those withdisruptive behaviourgbroblems
and psychpathy (AnastassiotHadjicharalambous & Warden, 208&le la Osa et al., 2016;
SatlofBedrick, 20175ebastian et al., 20123imilarly, he peer problems subscale was not
used agesearch has shown that problems with peer relations are associated with both
externalsing and internabing behavioural profilesQampbell, 2006; Ladd & Tro&jordon,
2003; Lynam, 1996turaro, van Lier, Cuijpers, & Kp2a01J).

2.3.3Materials

2.3.3.1 Strengths and Difficulties Questionnaire (SDQ)
The Strengths and Difficulties Questionnaire (SDQ) is a behavioural screening questionnaire
for children and young people age€l8 years. Teachers are asked to rate 25 items on a 3
pointL{f SNII a0l tS o6FaSR 2y K2g¢ GNHz2S (KS@& INB 27
(0 = not true; 1 = somewhat true; 2 certainly true).

The 25 items comprise 5 subscales; four assess negative behaviours (emotional
symptoms, conduct problems, hyperadtwinattention and peer relationship problems)
and one assesses positive behaviours (prosocial behaviour). In addition to subscale scores,
the SDQ also provides a Total Difficulties score, made up of all negative behaviour scale
scores. This score is igdtive of the total amount of emotional and behavioural difficulties
that a child presents with. The SDQ has been found to discriminate well between children
with and without psychological problems (Goodman, 1999; Klasen et al., 2000; Mullick &
Goodman, 201) and is a proven effective tool to screen for child psychiatric disorders in

community samples (Goodman, 2001; Goodman et al., 2000). Consequently, the SDQ has

been used for a variety of purposes, including clinical assessment and research.
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2.3.3.2 Language ability

To assess verbal mental ability (VMA), Lucid Ability, a standardised receptive vocabulary

test, was administered (Singleton, 2001). Children agéd/dars were assessed by the

means of a picture vocabulary task. Five pictureseaped on the screen in random

positions. One was the target picture, four were distractions. Children were given audio
instructions to choose a picture that went best with a given word. Children aged 7 were
administered a conceptual similarities task. Gtdh were presented with two pictures on

the screen. The pictures were separated by 6 words. One was the target word, the other

five were distractions. The child was asked to choose the word that provided a conceptual

link between the two pictures. The vaity of Lucid Ability is comparable to a range of

conventional 1Q measures, including té&chsler Intelligence Scale for Children (WMISC

the British Ability Scales (Second Edition) and the British Picture Vocabular{S&caled
Edition; Lucid Al i@ ! RYAYA&a 0N 02NDR& al ydz- € wnmpT { A
2.3.3.3 ToM comprehension

ToM understanding was assessed with a fitem ToM scale. These four tasks were
LINBASYGSR Ay | FAESR 2NRSNJla F2ft26ad ¢KS ¥
(2004) Contents False Beli@gB)i I a {1 ® ¢ KS OKAftR alg | Of SINIeg .
with pencils inside the closed tube. After being shown the contents of the tube, they were
AYOUNRRdAzZOSR (2 ¢A3ISNE gK2 KI R doeSTgsf thiakiisSnS LIA y 3 ®
GKS GdzoSK¢ oGFNBSGO ljdzSadA2yy yR G5AR ¢A3ISNJ
/| KAt RNBY 6SNB lfaz2z Fa{SR (2 2dzaidATe GKSAN NB
AYaARS G(GKS (dzoSKéd ¢2 0SS 02BRBOl 20K KESRNB WAKI

FyagSNI ab2¢ G2 GKS YSY2NE |jdzSaidAz2y> |yR LINRCZ
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The seconditemwas Bargn2 KSy | yR O2f t S| BnuzSsar€@ knowndpy p o 9
Fa 0KS yy{SlEt figd a{e LG 61 & LINBASYGSR Ay TFdzZ t |y
with one exception. In the present study, Anne was substituted for a boy named Max to
avoid confusion. Max put his ball into a covered basketlaades the room. Sally then
Y20S8a (GKS olftf Ayid2z | ©02E® alE NBwlMiaz | yR
f221 FT2NJ KAa olftKE ¢g2 O2yuUNRft ljdSadAirzya T2
correctly, along with the test question, to pass tlask. A justification question was not
asked for this item in order to prevent caroyer effects with the later administered
secondorder task.

The third item was a Belidimotion task, presented similarly to the one described by
WellmanandLw H nnno ® / KAf RNBY &l gt PYARRBYIKTNR Of &
GKS Ot24SR 02E® / KAf RNBY 6SNB Pops WdBRopsOS R G 2
FNE Y& Tl @2d2NAGS aylrOl® b2g LQff 332 LIl &2dQQ
the CocePops box was opened, and the contentsrashown to the child. Teddy comes
0FrO1lY WW¢SRRe KIa YySOSNI SOSNJ aSSy AyaARS (KA
AlQa ayl 01 GAYSe® [SiQa IADS ¢SRREKAXKAGZORE O
(the targetquestion). The researcher opened the Cétmps box and let Teddy look inside:

YWYl 25 R2SE&4 ¢SRR& FSSt | FiaSNlcenBolquestby).a Ay aARS

Children were also asked to justify their responses. To be correxthid had to answer

GKS GFNBSO jdzSadAz2y YORKY GLBLEEE Q QjZdzS ayTEAg2SyNJ UWAUKESE RBEY

FLILINRLINRFGS 2dzZAGAFAOLIGA2Y (2 (GKS [dzSadArizyy a
The final ToM item in the scale was an adapted version of Cadkam, and Bennett

OHnncO YR t SNYSNJ | y-®derFRtask’ Bakiflgantsomaréoshpwin a 8 SO 2 v R

doll, named Nick, hiding his teddy in his bed. When Nick leaves the room to brush his teeth,
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another doll named Alex, takes the teddy and hides thamcupboard. Nick comes back and
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Three comprehension questions folled. Participants needed to answer all three
comprehension questions correctly, as well as the test question, and provide an appropriate
justification to pass.
A total ToM score, ranging from O to 4, consists of the sum of scores on the four ToM
items; a total affective ToM score ranging from O to 1 consists of the score on the belief
emotion task; and a total cognitive score, ranging froid, @onsists of the sum of scores on
the contentsFB the explicitFBand the seconérder FBtasks.When partcipants passed
the contest FB, the beliefmotion and/or the seconarder FB task, their justification for
that task was also transcribed and scored for the use of mestéde terms.A randomly
selected subset of transcripts (15%) were independently cdnyetvo trained coders; the
interrater agreement was 98.4%fdinter-da O2 NENJ NBf Al 6 Af AGASA o/ 2KS)

two codersranged from0.89to 1.00(mean® = 97).

2.3.4 Statistical analyses

Preliminary analyses investigated differences betweenNB¥and TDgroups in gender,
age, verbal mental ability and SDQ scores. We perforamddependent samplestest
(two-tailed) and chisquare analysi® investigate differences between grouscognitive
and affective ToMespectively (hi-square analysialsoexaminel differences between
groups in the use of mental state terminology in justification responses. The tigesif
and chisquareanalysis was employed again to examine differencesgmitive and
affective ToM between thoseith andwithout disruptive behaviourgbroblems and those

with and withoutanxietyrelated problems within theNDDgroup. We then investigated the
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relationships between ToM and agend ToMand verbal mental ability using univariate and
correlational analysis respectively. Finally, a linear regression was performed to assess
emotional and behavioural problemage and verbal mental abiligspredictors of ToM
performance All statistical anlyses were performed using the Statistical Package for the
Social Sciences (IBM SPSS 24) software and significance level wassdgisat

2.4 Results
2.4.1 Preliminary analyses
Descriptive characteristics of ti¢dDDand TDgroups are included in Tabkl. The groups
did not differ in age or estimated intellectual ability. However, significant gbfiprences

were evident for genderand for internaking and externaing (SDQ) difficulties.

Table2.1 Descriptive statistics for age, gender, estimated intellectual ability and
symptomatology measures for tiéDDand TDgroups

NDD(n = 87) TD(n =30) NDDvsTD
Mean SD Mean SD Statistic p
Age (months)  72.89 12.57 70.43 12.03 t(115)=.931 .354
Gender (% 76.14% 56.67% L%(1) = 3.987 .046
males)
VMA 55.26 29.20 65.57 23.13 t(112) =1.746 .084
SDQ
Emotional 3.16 2.66 2.00 2.49  t(114) = 2.097 .038
Hyperactive 7.83 2.13 3.27 3.18 1(38.47)=7.294 <.001
Conduct 3.76 2.68 1.07 1.77  t(73.57) = 6.133 <.001
Peer 3.64 2.44 1.10 1.24 1(98.81) = 7.305 <.001
Prosocial 3.87 2.74 8.27 2.02  (68.77) =9.307 <.001
Total 18.38 6.63 7.41 6.90 t(113)=7.624 <.001

Note:VMA, verbal mental ability; SDQrengths andDifficulties Questionnaire, SD; standard
deviation NDD, neurodevelopmental disorders group; TD, typically developing group
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2.4.2 Covariates

T-test analygswere usedto investigate the relationship between gender and Tahilst
results revealed@ significant sex difference rognitive ToMsee Table 2), it was decided
not to includegender as a covariate in subsequent analysast whereas NDDoys
performed sgnificantly worse orthe measureof cognitive ToM than boys in the TD group,
[NDD mean = 1.10, SD = 1.03; TD: mean = 1.71, SD #(@®57-2.25, p< .05,d = 0.65,

95% CI [0.07, 1.15]], thereasno gender difference in cognitive ToMthin the NDD group
[NDDhaes mean = 1.13, SD = 1.08DDBemaes mean = 1.62, SD = 1.@{@83) =-1.87,p> .05d

= 0.46, 95% Ci(.04, 1.02]] nor were there any differences in affective T¥(1) = .06p =
.81]. Together, thesaesults rule out a key role for gender(icognitive)ToM performance
Secondlyjn childhood boys consistently show higher levels of emotional and behavioural
problems than girl¢BulotskyShearer et al., 200&antuzzo et al., 200Hulle et al., 2007;
Lutz et al., 2002; Pianta & Caldwell, 1990; Rubin et al., 2003; Wichstrom et al.,

2011). Consstent with these previous findings, boys in the present study demonstrated
significantlyhigher levels of inattentive and hyperactive behaviour and lower levels of
prosocial behavioufTable 2.2)Given thapsychologicaproblems appear to be more
prominent in boys, matching for gender in this case may eradicate significant group
differences. Indeed, it has been suggested that controlling for confounding variables can

produce overcorrected and counterintuitive findinggathman, Greenland & Lag008).
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Table 22 Gender differences in mean ToM and SDQ scacesss NDD and TD groups
Boys(n = 83) Girls(n = 34) Boys vs girls
Mean SD Mean SD Statistic p
Cognitive ToM  1.23 1.02 171 0.97  t(113)=2.388 .021
Affective ToM  0.59 0.50 0.58 0.50 t(113) =.094 .926
Total ToM 1.80 1.28 231 1.29  t(109) =1.925 .057
SDQ Emotional 2.87 256 2.85 291 t(114)=.024 .981
SDQ Conduct 3.32 275 248 267 t(113)=1.481 .141

SDQ 7.18 3.03 5.35 3.11 t(114)=2.939 .044
Hyperactivity

SDQ Peer 3.06 242  2.79 2.58  t(114) =.530 597
SDQ Prosocial 4.57 3.11 6.06 3.26  t(114)=2.309 .023
SDQ Total 16.43 7.64 1361 9.30 t(113)=1.680 .096

Notes: ToM, theory of mind; SD@rengths andDifficulties Questionnaire, SD, standard deviation

2.4.3Main analyses

2.4.3.1 ToMperformancein NDDand TD samples

First, we compared ToM performanoéthe NDD group and the TD groupesults of the
univariate comparison revealed thdte NDD groucored significantly lower than TD
participants for total ToMt(109) =2.121,p=.036,d = 0.47, 95% CI [0.04, 1.12owever,
further t-test and chisquare analyseevealed thatwhile the NDD grougvas significantly
outperformed by the TD groupnameasures of cognitive ToM(65.79) =2.866,p = .006,d
=0.57, 95% CI [0.12, 1.00], there was no significant difference between the groups for
affective ToMp?(1) = 0.05p = .822(Table 2.3)In Table2.4, the proportiors of children in
the NDD and TD groupgho passed each tasite shown. As evidenced, more children in

the TD groughan in the NDD group passedchcognitive task.
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Table 2.3Differences in ToM performance between NDD and TD groups

NDDMHD(n=  TD (n =30) NDDMHDvs TD

87)

Mean SD Mean SD Statistic p
Total ToM 1.79 1.31 2.37 1.16 t(109) =2.121 .036
Cognitive ToM 1.23 1.06 1.77 0.82 t(112) = 2.540 .012
Affective ToM (pass) 57.6% 57.6% L%(1) = 0.05 .822

Notes:ToM, theory ofmind; SD, standard deviations; TD, typically developing group; NDD,
neurodevelopmental disorders group

Table2.4 Proportion ofNDDchildren correct on each task in comparison to TD children

Contents FB Explicit FB Beliefemotion  Secondorder
FB
TD(n = 30) 63.3% 86.7% 60.0% 26.7%
NDD(n = 87) 43.7% 59.8% 57.5% 16.1%

Notes:FB, false beliefTD, typically developing group; NDD, neurodevelopmental disorders group

TheNDDgroup also reported significantly fewer mentgthte references thn the TDgroup
for the beliefemotion task X?(1, 70) = 9.05y = .003. There were no significant differences
in the use of mental state terms for either the contents FB or seamdér FBasks (alp

values > .05; Figuizl).
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Percentage of children using
mental state terms

mNDD = TD

Figure2.1 Proportion ofNDDand TD children using mentsiate terms in their
justifications. *p = < .05NDD, neurodevelopmental disorders groups), typically
developing group; FB, false belief; ToM, theory of mind
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2.4.3.2 Theory of mind in relation to distinct emotional and behavioural profiles
Further post hoc testwithin the NDD groupnvestigatingwhether subgroups of those with
and withaut anxietyor disruptive behavioural profilgserformed differently on the ToM

tasks showed this not to be the cag&able2.5).

Table 25 Differences in ToM scores between children with and withaistuptive
behaviouralproblems Disruptiver/Disruptive) and with and withoutinxiety-related
problems(Anxiety+/Anxiety) within theNDDgroup

Disruptiver (n = Disruptive (n =  Disruptiver vsDisruptive

61) 25)

Mean SD Mean SD Statistic p
Total ToM 180  1.37 172 121  t(78)=-.251 .802
Cognitive ToM 1.24 1.07 1.12 101 t(81) =-.483 .630
Affective ToM (pass 57.6% 60.0% L%(1) =041 .840

Anxietyt (n =27) Anxiety (n =59)  Anxiety+ vsAnxiety

Mean SD Mean SD Statistic p
Total ToM 1.88 1.48 1.73 1.24 t(78) =-.480 .632
Cognitive ToM 1.3 1.16 1.16 1.00 t(81) =-.603 .548
Affective ToM (pass 51.9% 61.4% L%(1) = .688 407

Note: ToM, theory of mind; SD, standard deviation

2.4.3.3Theeffect of age on ToM

We next assessed whether there were differencetotal ToM performance across ages
within TD andNDDchildrenseparately The means and standard deviatidos ToM
understanding as a function of group and age are shown numerically in Z.&laled
graphically in Figure.2 Univariate analyses revealed a main effect of gré{p, 103) =
6.84,p=.01Q"' > = .06, and age, F(3, 103) =543,.002"' ,>=.13 on ToM performance
but there was no group by age interaction, F(3, 103) = .p84,621, ,>= .02, indicating

that the differences in ToM performandetween groupsacross agevere consistentPost
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hoc pairwise comparisons revealed that while there were matbirsgnificandifferences
in ToM understanding betweelNDDand TD children agedahd 6 yearsthe differencewas

no longer evidenat age 7.

Table2.6 Mean ToM total scores by group and age

NDD D

Mean SD Mean SD p
4-year olds (n = 19) 0.91 1.22 1.88 1.13 077
5-year olds (n = 34) 1.41 1.22 2.14 1.22 .140
6-year olds (n = 31) 1.77 1.19 2.67 1.23 .055
7-year olds (n = 27) 2.76 1.04 2.83 0.98 .895

Note:SD, standard deviatigiNDD, neurodevelopmental disorders group; TD, typically developing
group

2.5

15

Mean ToM performance

0.5

4-year-olds 5-year-olds 6-year-olds 7-year-olds

Age —NDD TD

Figure 22 Estimated marginal means of total ToM scores across ageddrand TD
children.NDD; neurodevelopmentalisorders groupTD, typically developing group; ToM,
theory of mind
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2.4.3.4The relationship between ToMnd verbal mental ability in higkrisk and TD

children

Analyses were conducted to examine the relationship betwie¢s ToM scoresand verbal

mental ability (VMA) foNDDandTDA NP dzLJA & SLJ NI} St e d t S NaR2yQa
that VMA was significaht associated with ToM in thdDDgroup,r = .469,n = 79,p < .001,

but not in the TD group,=.117,n = 30,p = .539. The relationship between VMA and ToM

in the NDDgroup remained significant after controlling for age; .507,n = 76,p < .001.

To determine the relative contribution @motional and behavioural problenas
indicated bythe total SDQ scorepge and VMA in explaining ToM understanding in children
with early signs on NDDwe performed a linear regression analysis. InKzED group/MA
and age were not correlated £ .047,n = 84p = .668), consequentlgll variables were
entered into step 1 of the regression. The multiple regression model significantly predicted
ToM uncerstandingR(3,77) =18.29, p < .001, adjustedR= .4. Howeverwhile both age
and VMA significantly added to the predictigng .05 emotional and behavioural problems

did not,p> .05 (see Table 2.

Table 27 Summary of multiple regression analysis

B Sk j Cl
Intercept -2.868 TT77
Age .046 .009 A462* .028..064
VMA .019 .004 432* .011-.027
SDQ total .014 .018 .069 -.022.049

Notes:B=unstandardized regression coefficie®ts = standarderror of the coefficienti =
standardized coefficienCl=confidence intervals® = p < .001VMA, verbal mental ability
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2.5Discussion

The current studgxaminedthe nature and extent of oM impairmentsn young children
with emergingneurodevelopmentatisorders(NDDs) To the authors knowledgéhis is the
first study that examined the role of both cognitive and affective ToM understanding in a
sample of prediagnostic children at risk of developipgychopathologyThe study has
made a number of important and novel contributions to the literature on ToM and
childhood development. First, in line with previous studies on ToM, our results revealed
significant differences in ToM ability between children vaiimptoms of NDBandtypically
developing TD) controls. More specifically, thindingsindicate thatNDDchildren are
impaired in their ToM understanding. Problems in Todinprehension have been observed
before in children witlconfirmedneurodevelopmental andhental health dagnosege.g.,
AnastassiotHadjicharalambous & Warden, 20§8Hughes, Dunn & White, 1998ughes &
Ensor, 2006Maoz, Gvirtz, Sheffer & Bloch, 20Bthenkel, Marlovh Q/ 2 Yy Y2 NE a2 aazx
Sweeney & Pavulurz008 and older children with preliagnostic symptoms of anxiegnd
depressionBanerjee & Henderson, 200Caputi, Schoenborn & Walla, 2018; Caputi,
Pantaleo & Scain2017). In the current studywe doserved similar impairments jpre-
diagnostic and youngehildrenwith emerging and broadlanging neurodevelopmental
problems.Consistent with the RDoC approach, these findings support the notion that
impairments inToM are transdiagnosticunderlyinga large range gbsychological problems.

Secondly, results revealed that whN®Dchildren were impaired on measure$
cognitive ToM compared to TD controls, there were no differences between the groups on
measures of affective ToM. These findings provide support for a multidimensional model of
ToM, one in which affective ToM processing opesad@d developdistinctlyfrom cognitive

ToM. This is consistent with neuroanatomiealdencewhich suggests that the two
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processes are supported by distinct anatomical structures (e.g-A&BU& Shamaij'soory,
2011;Dvash & Shamaysoory, 20145hamayTsoory & Aharo#Peretz, D07; Shamay

Tsoory, Harari, AhareReretz, & Lenkovitz, 2010; Shamaysoory, TibElhanany, &
AharonPeretz, 2007). However, it is important to note that not all studies support the

notion of two independent components of ToM. For example, in a TD saiMakman and

Lui (2004) found that earlier developing ToM abilities broaden and generalise to encompass
later, more advanced mental state understandihgparticular, an understanding of desires
precedes an understanding of diverse beliefs. In turn, moteustanding of diverse beliefs
develops before an understanding of false belief. FinalyAd Rdedpyefeisiorof

emotion, particularly how emotions connect with beliefs and desires is adeteloping
understanding withirearly childhood Wellman ad Lui (2004) proclaim thahe later
developingabilities cannot develop until the preceding abilities have been acquired,
suggesting that all To&cets are related and reliant upon one another. Moreover,
F2tf26Ay3 | aiddzRe 2F | ROHYQSIIR ¢ 2vaz ORYR 1 IARS2(CF &C
(2017) proposed that cognitive ToM is a developmental prerequisite for affective ToM
comprehension. Theontrast in findings may suggest that differential development of ToM
abilities underlistypical and aberrant development in childhood. Indeed, in our TD sample
we found that more children used mental state terminology in their narrative justifications
of2GKSNJ LIS2LX SQ&a SY2iA2yaANDBBYkdoNBde findnhgsitK S &l Y
possible that while TD children rely on their ability to infer the thoughts and beliefs of

others to understand what people are feeling, children with emotional and biebaa

difficulties are less able to do so, given their poor ability to understand the cognitive mental
states of others. Consequently, they may rely on different processes, such as general

cognitive ability and past experience, as suggested by Begeaadiedgues (2010).

65



Chapter 2: The nature and extent of ToM in children with symptoms of NDDs

In contrast to studies that have demonstrated specific impairments in affective ToM
amongst childrerand adultswith disruptivebehaviours AnastassiotHadjicharalambous &
Warden, 2008; de la Osa et al., 2016atlofBedridk, 2017;Sebastian et al., 2012and
elevated ToM performance amongst individuals with anxiety disordébsElhanay &
ShamayTsoory,2011;Zainal & Newman, 20)8we failed toobserveany differences in ToM
performance acrosthese behaviouraprofiles. The lack of significant findings may be
explained by the dichotomous nature of the measures used. Resaarbhge suggested
that while a pass/fail approach is appropriate for differentiating between extreme cases
(healthy or typicallydeveloping controlssclinical cases ToM tasks that can distinguish
degrees of impairment are probably more appropriate for the study of ToM within samples
that may display more subtle differences in ToM comprehenffmtetti & Adenzato, 2013).
Conseqently, future studies utilizing a dimensioregproachto assesg oM performance
specifically, or social cognition more broadkquld provide us with a better understanding
of how distinct ToM constructelate to different profiles of emotional and behawral
problems in chilcen.

In the present analysis, verbal mental ability (VMA) was associated with ToM
performance in the ND groupbut not in the TD gyup. This pattern of performance has
previously been demonstrated in studies of autistic children (lda@p91, 1995; Yirmiya,
Sigman, Kasari & Mundy, 1992), leading authors to conclude that children with autism use
cognitive strategies reliant on genewbility rather than mentalizing abilities to pass ToM
tasks.Based on the current findings it is possible that the same processes underlie ToM
comprehension in children with a wider range of emotional and behavioural difficulties.

Although relations between ToM and VMA differed between the two groups, the

relation between ToM and age was consistantboth groups ToM understanding
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improved with age. Thefere, it appears that children with emotional and behavioural
problems do not have ToM impairments but are instead delayed in their ability to
mentalize. This was patrticularly evidenced by the finding that whitend 6 year old NDD
children performed wese than controls on ToM measures, there was no difference in
performance between the two growgdor 7-yearolds.However, it is important to note that
the null result may be due to ceiling effects, given that typically developing children pass
first- and seconebrder FB tasks aged3land aged & respectivelyPermer & Wimmer,

1985) Consequently, utilizing more advanced ToM sagith 7-year olds may result in
detectingsignificant differences betweetypical children and those with NDD&ith that

being saidthe nonsignificant differences between TD and NDD children demonstrate that
even if Zyearolds in the TD group did perform at ceilingy&arolds in the NDD group are
not far behind.Similar conclusions have been reached by other eiggdimvestigations

using samples of children and adolescents véthiism spectrum disordeASD. While it is
well-established that children with higfunctioning autism perform worse than TD controls
on false belief tests, Hag1995) demonstrated thaby the time they reach theireens,

the majority of individuals with ASD also perform at ceilBgsed on these findings,is
possible that as children with emotional and behavioural problems get older, they develop
compensatory strategies, as previopshentioned, enabling satisfactory responses without
being able to infer the mental states of others.

Last but not leastpur studyaimedto determinethe relative contribution of
emotional and behavioural problems, age and VMA in explaining ToM impairments in
children with early emerging symptoms of NDBEkhough we observed significant
differences betweeMNDD and TD groups in ToM perfante,severity ofemotional and

behavioural difficultieSDQ total problem scoréjd not predict ToM understanding in the
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NDD grouplndeed, onlyage and VMA significantly and independently predicted TioM.
possible that reduced mentalising abyjlin children with symptoms of NDD@gcuis asan
indirect effect oflanguage abilityln support of thiswhile VMA was not associated with
ToMin the TD group, the two constructs were significantly related in children with early
emerging symptoms of NDDeloreover, children with NDDs used less mental state
GSNX¥YAy2ft 238 Ay GKSAN 2dza i ARendontiat ihpagedM 2 G KS N
in NDDgs anindirect effect oflanguage ability is also in line witinevious research
demonstratngthat children withhearing andanguage difficulties perform more poorly on
GFaila GKIFG NBI dzh NBmedmsl 8eNNelson ¢tRIRGLE Slaughte® i K S NB Q
Peterson, 2011; Peterson et al., 2012; Broekhof et al., 2015; Cavioni et al., 2017&Rieffe
Wiefferink, 2017)and that advanced language skills in young children is predictive of more
concern for others andhore prosocialbehaviour (Conte et al., 2018; Rhee et al., 2013).
However,as previously noted\DD children in the current study did not exhibit any
difficultiesindzy RSNE G F YRAY 3 20KSNEQ SY2(0A2ylmay2yf e 2.
be the case thaNDD childen in the current sample displag greaterdifficulties inthe
understanding and production ddnguagerelated tocognitive mental statesSupport for
this comesrom developmental research statithat OKA f RNBEy Qa NBFSNBy OSa
develop before their use of terms describing cognitive states (Wellman, 2014).
Consequently, the different developmental trajectories of languagguisition for emotions
and language acquisition for cognitive mental stateay be responsible for the dissociation
between cognitive ToM and affective ToM impairments.

As with any study, there are some limitations to be acknowledgédt,as
previouslymentioned the dichotomous nature othe ToM tasks prevented us from

investigating the relationship between ToM and emotional and behaviour problems
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dimensionallyThe RDo@ameworkadvocates the dimensional study of mental health

disorders and the processes and mechanisms underlying the disorders. This dimensional
approach to psychopathology enables a sufficient mechanism to record variation across
individuals in particular traits arapacities, which represents a greater or lesser degree of

mental health and adaptation and avoids a substantial loss of valuable information, that is

often the case when using categorical approaches (Brown & Barlow, 2005). Aanayais
investigating he reliability and validity of utilizing a dimensional approach reported a 15%

and 37% increase in reliability amdlidity respectively through the adoption of a

dimensional over a categorical measure of psychopatho{darkon, Chmielewski & Miller,

2011). Therefore in line with the RDoC approach, futwstudiesshould aim to assedke
relationshipbetweenToMand psychopathologgiimensiondly. Secondly, dspite using

reliable and well replicated ToM tasks, future studies should explore the use of ToM

paradigms focusing on stimuli that are ecologically more similar to the types of natural

stimuli involved in childJB §dRial interactions. Thilovie for the Assessment of Social

Cognition (Dziobek et al., 2006) assesses ToMaviicipant) dzy RSNBR Gl yRAyYy 3 2F
LIS2 L) SQa LAaeOK2f23A0Ft adlrdasSa Ay NBaLRyaS G2
AYVRAQGARdAzZr £ aQ FoAfAGe (2 RSGSNNAYS 6KIG 2G8KSN
range of factors applicable to reklifle social inéractions e.g., context, eye gaze, facial

expressions. However, this paradigm was designed to assess advanced ToM in adulthood

and consequently, is not valid for use in young children. Similar tasks should be developed

to assess ToM abiliiy childhood.The final methodological limitation is thalhe current

study only explored one component of ToM, namely false belief. ToM involves

understanding a number of concepts (e.g., intentions and desires) acquired in a series of

developmental accomplishments (Whathn & Lui, 2004 However, the development of false
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belief understanding is central during the ages of 4 and 7 and consequently, assessing this
component of ToM provided us with information on impairments that are highly
representative of children in thizge group.

Despite the limitations, ar findings consolidate and extend previous studies,
demonstrating thaffoM impairmentsunderlieatypical emotional and behavioural
development, even amongst young children who have not yet reached diagnostic levels of
mental health problems. Not only was the mean ToM score foNB®group significantly
lower than that for matched controls, but thguantity ofcognitivemental state terms used
to justify the emotions of others was also lower. From a clinical perspeittese findings
suggesthat differential development of ToM underlies typical and aberrant development in
childhood.Secondlythisstudy found impaired cognitive ToM but intact affective ToM in
children at highkrisk of future psychopathologyfhis providesupport for a
multidimensional model of Tolvbne in which affective and cognitive mentalising abilities
develop and operate distaotly from one anotherFinally, the current findings suggest that
language is a crucial factor in the development of ToM for young children with symptoms of
NDDs Therefore, niterventions focusingonyour@K A f RNBy Qa f [ witHalz-r 3S | O]
view to impove their early development of social cognition skills is recommended.
Consistentvith this propositionthere is already evidence thatimulating conversations
about mental states in young childréxas positive effects osocial and emotional abilities
(Agliati Grazzani & Ornaghi, 2018ianco, Lecce anerjee 2016;GimShezDag\

Ferrt ndez3 nchez & Quintanilla, 201%srazzani, Ornaghi & Brokmeier, 20lL6é¢ce,
Bianco, Devine, Hughes & Banerjee, 2@waghi et al., 2017ith improvements

remainng stable over time Grazzani, Ornaghi & Brokmeier, 2016).
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3. Sociecognitive andemotional processing in young children with

symptoms of anxiety
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3.1 Abstract
Background A growing body of literature suggests thatpairedempathy andrheory of
Mind (ToM) are risk factor®r anxiety symptomatology. Whilst both constructsvelop
rapidly in childhoogno study before now has simultaneouslaminedtheseemotional
andsociatcognitiveskillsin relation to anxiety in young children.
Method. Sixty highly anxious (HA) children and 114 children with low to normal anxiety (LA)
levels, aged & years and identified by their schoolteachers as having emotional or
behavioural difficulties, took part. Children watched three film clips showing ahsgqby,
and scared childespectively. Questions about the emotions of the children in the clips
GSNBE ai1SR (G2 lFaasSaa O023yAdA@S SYLI GKeéez | yR
emotions were asked to assess affective empathy. A series oftfalsd taks were used to
assess affective and cognitive ToM.
Results.Compared to LA children, HA children exhibited reduced affective empathy to fear
and sadness, and elevated cognitive ToM. Multivariate linear regression analyses indicated
that reducedaffectiveempathy for negative emotions and increased cognitive ToM
predicted severity of anxiety symptomatology.
ConclusionsChildrenhigh or low in anxietglid not differ in their understanding of other
LIS2 L SQ&a SY2 high®andions childrén3epdeidNdiarkedly higher levels of
cognitive theorising and lower levels of affective empathy for otfeegjative emotions,
particularly fear and sadnesshetheoretical and clinicalmplicationsof these findinggor

early interventions are discussed.
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3.2 Introduction
Anxiety disorders are one of the most common psychiatric disorders in childhood and
adolescence. In children younger than 12 ye#rs prevalence varies between 2.6% and
5.2%, with separation anxiety being the most common disorder (Gostsjger & Angold,
2004; Ford, Goodman & Meltzer, 2003; Lawrence et al., 2015). Many children with anxiety
disorders exhibit significant and persistent impairments in their social and interpersonal
functioning (Chansky & Kendall, 199%esa, Beidel & Burell, Rao et al., 2007Strauss et
al., 1988). Two components essential for successful social interactidim@oey ofMind
(ToM) and empathyimpairments in both have been implicated in the development and
maintenance of anxiety disorderSeveral modelbave proposed thaindividuals with
anxietyrelated symptomatologylisplay a selective hypervigilance towards thresga
result of dysfunctional schemata which rapidly orients and allocates attentional restorce
threatening stimuli in their environmer(Beck et al., 1985; Beck & Clark, 1997; Eysenck,
1992; Eysenck, 1997; Mogg & Bradley, 1998; Mogg et al., 1997; Williams et al., 1988;
Williams et al., 19971In the case oéll anxietydisorders fear is pathological and is related
to the presence or anticipation of a particular object, situation or outcome. Consequently, it
seems plausible to expect anxious individuals to attend more attention towards stimuli
indicating a potential threatAlternatively, other theorist propose thatratherthan a
selective bias towards threat, individuals with anxiety exhibit an excessive alertness to all
social signal§Heinrichs & Hofmann, 2001; TBihanany & Shamalsoory, 2011)Since
anxous individual®ften experience concesrelated to thar socialenvironment (e.g.fear
of being negatively evaluated by others, fear of specific social or perforrahated
situations, fear of having panlike reactions in publi¢cthey tendto think and care more

about what other people think and feel anddrefore,excessivelgcan(and display
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hypervigilance forall information intheir social environmentdn contrast to the
hypervigilance to threat theoryhis bias will manifest itself ia general impairment in
inferring and reasoning about other pebpfS Q& LA & OK2f 23A 01t adl GdSazx
thoughts, beliefsintentionsand emotiongegardless of emotional valence also remains
unknownwhether hypervigilance results in increased empathic and Teencies, due to
atendencytoy 2 NB | OOdzN) (1St & 200FAY AYaAaraKaG Ayidz 2
empathic and ToM performance, due to a tendency to attribute stronger emotions and
more meaning to what others are thinking and feeling. Researchers teamned these
latter tendencies ovetheorising and oveempathising

Evidence for both general and specific hypervigilance has come from studies of
children and adults with a range of anxiety disorders (Bogels & Mansell, 3068dh &
Clark, 2004; Ouiet, Gawronski & Dozois, 2008¢chofield, Johnson, Inhoff, & Coles, 2012
Seefeldt, Kramer, Tuschéaffier & Heinrichs, 201&posari & Rapee, 200For example,
while Seefeldt and colleagues (201d)ind that children between 8 and 12 years with social
phobia demonstrated a specific hypervigilance towards angry faces, Sposari and Rapee
(2007)found thatadultsdiagnosed witlgeneralised social phob&xhibited a preference
for attending toward faces than household objesggesing an enhanced vigilander
social stimuli in generaConsequentlyalthoughempirical evidence for hypervigilance
across a range of anxiety disorders is quite prevalent (Bogels & Mansell, 2004; Schofield,
Johnson, Inhoff, & Coles, 201,2here are stilluncertaintiesabout its nature and even less
is knownaboutits role inempathyand ToMimpairments. Studies aimed at further
understanding the mechanisms underlying impaired social functioning in anxiety can aid in
our understanding of the disorder and lpen the development of more effective

AYOGSNBSYyliA2y &adGNIGS3IASad { SOSNIf adGdzZRASA KI ¢
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empathy dramatically improves at the start of school age (Bartsch & Wellman, ad8s

et al., 2008Flavell, 1999; Imuta, HenryelSuk & Slaughter, 2016; McDonald & Messinger,

2011; Rai & Mitchell, 2004; Uzefovsky & KAdfzam, 2017). In this same period, emotional

problems, such as anxiety symptomatology and withdrawn behaviours, become increasingly

prevalent Bhatia & Goyal, 201&rain et al., 200Mlaguire, Niens, McCann & Connolly

2016; Pianta &astaldi, 1990 onsequently, assessing ToM and empathy in this age group

will provide us with more information regarding their potential to prevent the development

of anxiety.

Empathy

Empathy is generally defined as the ability to understand and share the feelings of another

(Cohen & Strayer, 1996). From the second year of life, throughout childhood, adolescence

and into adulthoodjndividuals increasingly begin to understand the emotions of other

people (Eisenberg & Miller, 1987; Knafo, Z&Maxler,van Hulle, Robinson, & Rhee, 2008;

McDonald & Messinger, 2011; Rettanania et al., 2011). The ability to understand and

appropriatelyNB & LI2 YR (G2 (GKS FSSt Ay Jpliosoidl beBawidus NBE Q T 2 N.

social competence and the maintenance of meaningful relationgi@psden, Critchley,

Skuse, & Dolan, 2009; Fridlund, 1991). Most researchers acknowledge that empathy is made

up ofboth cognitive and affective components. Cognitive empathy is the ability to identify

the emotional state and take the perspective of another, while affective empathy refers to

the capacity to experience the same emotional state as another (Decety & ibii2007).
Impairments in empathy have been extensively documentemirange of childhood

psychological disorders, including autism (ebgschamps, Been & Matthys 2014

McDonald & Messinger, 201%jrmiya, Sigman, Kasari & Mundy, 19%tention

hyperactivity disordefMaoz, Gvirtz, Sheffer & Bloch, 2019) and disruptive disorders (e.g.,
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AnastassiotHadjicharalambous & Warden, 20@8asath, Dadds, & Hawes, 2014;
Schwenck et al., 201%2an Goozen et al., 20)6T he deficits in understanding and
responding to the emotional states of others appear to be directly related to the
interpersonal and social difficulties that are prevalent in ta@ath such disorders (Groen et
al., 2018Marsh & Blair, 2008; Mul et al., 207M3n Zonneveld et al., 2017 mpathy
impairments have also been associated with conduct problems and psychopathic traits in
samples of praliagnostic childrertJones, Hapf Gilbert, Burnett, & Viding, 20)0

suggesting that empathy impairments may begin in the early years of social development,
prior to illness onset.

Studies on the lik between empathy and anxiety disorders are sparse and have only
focused on adolescent and adult samples. In line with the theory that hypervigilance to
social stimuli results in increased empathic tendencies, some research has demonstrated
positive assoations between empathy and anxiety. For examplayeung and Alden
(2016) found that social anxiety was associated with enhanced cognitive empathy when
participants were exposed to social threat. Similarly,-Eibanany and Shamdaysoory
(2011) found thatdults with high social anxiety and symptoms of generalised anxiety
disorder reported elevated affective empathy. However, when controlling for generalised
anxiety, social anxiety was related to cognitive rather than affective measures. In contrast,
Gambn and Sharp (2018) found support for both enhanced and reduced empathy as a
result of hypervigilance. They demonstrated that while affective empathy was positively
related to all anxiety dimensions, cognitive empathy was negatively associated with social
and separation anxiety. These findings suggest that adolescents with high levels of anxiety
have problems with recognising, interpreting and understanding the intense emotions they

share with others.
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There are different explanations that could account for these conflicting findings.
Firstly, empathy is often measured using seffort questionnaires. Such measurements of
empathyare sulject todemand characteristics (Fiske & Pearson, 1970; Saunders, 1991,
Vartanian & Powlishta, 2001), and thus may yield different findings to objective assessments
of sociecognitive andemotional functioning. Secondlywhen determining the relationship
between anxiety and empathy it is important to consider how empathy was defined. While
some researchers determine cognitive empathy as being able to correctly infer the
emotions of others, other researchers equate cognitive empatti perspectivetaking.

TKS fF0G§SNI O2yaARSNE 2ySQa FtoAtAade G2 O2ydSy
to be essential in differentiating empathy from ToBl&yvis, 1994; de Wied, Goudena &

Matthys, 2005Dvash & Shamaysoory, 2014)However, definitions of cognitivexgathy

state that the construct involves both emotion identification and perspective taking (Bons et

al., 2013 Dvash & Shamaysoory, 201%and thus, measures of cognitive empathy should

assess both.

A further critique of tke aforementionedstudies is thathey did not differentiate
between empathy for positively valenced emotions and empathy for negatively valenced
emotions.As seen iithe hypervigilance theory for threat, one of the key processes thought
to underpin anxiety islysfunctionalschemata, which allocates excessive attentional
resources to threatening stimuliheoretically, it is reasonable to expect that this vigilance
for threatening stimuli would result in either improved empathy for negative emotions, due
toatendencytanorS I OOdzNJ (1St & 2060l AY AV drkeded Ay i(i2 240
empathy for negative emotions due totendency to attribute stronger emotions and more
meaning to what others are feeling in aversive situatiddsspite this, only one study to

date hagnvestigated the role of empathy for positive and negative emotions in participants
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with anxiety. In a sample of adults with social anxiety diso(8&Djand a demographically
matched sample of controls, Morrison and colleagues (2016) demonstrated tbial so
anxietywas only associated with reduced affective empathy for positive afféett i§,

a20A tt & | vy HispaptS RIdgOFSARD A Fodelf fASIE (12 aKLENB Ay 2
However indirect evidence investigating the role of facial emotienognition in individuals
with anxiety,has provided support for thaypervigilance for threat theornjgy consistently
showing an association between anxiety symptomatology and the processing of negative
facial displays ofmotions. Thénypervigilancas manifested by both impaired and

enhanced recognition of negative facial displéysty, Japee, Ingvar & Ungerleider, 2013;
Frerkel & BarHaim, 2011Garner, BaldwinBradley & Mogg2009;GutiérrezGarcia &

Calvo, 2017Jarros et al., 2032oormann & Gotlib, 2006au et al., 2012;ee, Herbert &
Manassis, 2014; Montagne et al., 20@i¢chards et al., 200&urcinelliCodispoti,
Montebarocci, Rossi, & Baldaro, 2006; Yoon, Yang, Chong & Oh, R&did) emotion
recognition is a contributing factor in the ability to empathise with others and has been
theorised to be a precursor to empathy (Blair, 2005; Marshall & Malksk@l1; Marshall,
Hudson, Jones, & Fernandez, 1995). Thus, if children with anxiety are impaired in
recognising negative emotions, we would expect them to also display an impairment in
empathic responding for negative emotions.

Theory of Mind

Theory of mind (ToM} the ability to make inferences about the psychological states
(intentions, desires, beliefs, emotions) of others (Adolphs, 2001). This function enables an
AYRAGARdzZE f G2 dzy RSNERGFYR 2NJ LINBSRABPrémagki&K S NJ LIS
Woodnff, 1978). It is closely linked with empathy, as a failure to infer the psychological

aaglrasa 2F 20KSNAR Yl @& NBadA# G Ay | FlFAfdzNBE (2
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Developmental research on ToM has demonstrated that the alinétyins to evolve durip

the first year of life (Bosco, Friedman, & Leslie, 2006; Onishi & Baillargeon, 2005), and
continues to develop throughout childhood, adolescent and adulthood (Bosacki, 2000,
2003; Choudhury, Blakemore & Charman, 2006; Goldstein & Winner, 2012; Maylor,
Moulson, Muncer & Taylor, 200Zimilar to empathy, ToM is comprised of two component
proces®s affective and cognitive ToM. The former refers to the ability to make inferences
about other people's emotions, while the latter is the capacity to make assomgpabout
people's thoughts (De la Osa, et al., 2016). The ability to develop accurate accounts of what
people are thinking and feeling enables individuals to respond accordingly. Consequently,
the development of ToM has important implications for chiir®@d a2 OA L £ O2 YYdzy A
interaction and behaviour (Szumski, Smogorzewlka, Grygiel & Orlando, 2019).

Smilar to empathy, studies investigating the link between Tahdl anxiety are rare,
mostly focused on adult samples and yield heterogenous findings. While Hezel and McNally
(2014) found that individuals with SAD performed worse on measures of ToM, due to a
tendency to attribute stronger emotions and more meaningmioat others were thinking
and feeling, Zainal and Newman (2018) demonstrated that hypervigilance was associated
with enhanced cognitive ToM performance. By contrast, other researchers have found
support for hypervigilance resulting in both impaired and anted theorizing abilities (Ttbi
Elhanay& ShamayTsoory, 2011). Tiktlhanay and Shamdysoory (2011) showed that
adults with high levels of social anxiety were more accurate on measures of affective ToM,
but less accurate on cognitive measures compacethdividuals with low social anxiety.

While the authors determined that it was their hypervigilance that led to cognitive ToM
inaccuracy due to a tendency to ovireorise, they also suggested that hypervigilance

resulted in increased accuracy for theeaffive measure; the affective section of the ToM
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task required increased sensitivity as the social cues were subtle.

Our knowledge of the link between ToM and anxiety in young children is limited to
just a coupleof studies.One study focused on the role of ToM in a sample-bi-§earold
children exhibiting symptoms of social anxiety (Banerjee & Henderson, 2001). While the two
groups did not differ in their performance on seceontler false belief tasks, childnevith
social anxiety performed significantly worse on the Faux Pas taslctmdrols.The Faux
Pas task requires an advanced understanding of the links between emotions, intentions and
beliefs in social situations, consequently leading authors to suglasthildren with social
anxiety only demonstrate impairments in advanced ToM tagks. second study was
conducted among typically developing children and young adolescents (mean age = 11.3
years) and showed that participants demonstrating low levelBadfl (assessed through the
Strange Stories task) hagore symptoms ofpanic disorder and separation anxigtyaputi,
Schoenborn & Wella, 2018)lowever, both studies provided limited insight into the role
that ToM plays in anxiety symptomatology, as authdid not differentiate between the
cognitive and affective componentd/hen considering ToM impairments shown by
individuals with anxiety, the distinction between the two constructs is important, given that
different impairments in cognitive compared téfective ToM have been demonstrated in
adults with social anxietyl(brElIhanay & Shamaisoory,2011).

In sum, the findings on the relationship between anxiety, empathy and ToM are
inconclusive. While somduwglies suggest that individuals with anxiety have reduced ToM
and empathic abilities, others provide evidence that anxiety symptomatology is associated
with elevated ToM and empathy. However, taken together these findings do demonstrate a
key role of ToM ad empathy in symptoms of anxiety. Based on this, it is possible that ToM

and empathy function as protective factors for the onset of anxi€tybetter understand
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their potential as protective factors, more research is needed irdpagnostic, highrisk
samples. Moreover, thbeginning of school ags a crucial time for the development of
emotional andsociatcognitiveskills, due to the increase in social demands (Deschamps et
al., 2012)Thus, more research is needed to investigate the potential ofatmp and ToM
abilities to buffer the development of anxiety in this age group.

The present study

We examined the relationship between cognitive and affective empathy and cognitive and
affective ToM in a sample of youryildrenwith emerging neurodevelopmental problems.
The first aim of the present study was to compare cognitive and affective empathy and
cognitive and affective ToM in children with elevated anxiety symptomatology compared to
those with low anxiety. Based on prior literature, we expected differences iraémgand

ToM responding between high anxiety (HA) and low anxiety (LA) groups. However, evidence
from the limited available research is inconsistent and consequently we were unable to
predict the pattern of soci@ognitive ancemotionalresponding in children with anxiety.

The second aim was to characterise the specific nature of the empathy impairments
underlying anxiety, in terms of emotietlgpe. Given the previously reported relationship
between negative emotion recognition andaety, we expectedlifferences in cognitive
and affective empathic responding specifically for negative emotions between HA and LA
groups.However, once again, due to the inconsistent findings of previous research we were
unable to predict the direction akesponding

Next, we sought to examine the extent to whitlhM and empathybilities are able
to explain anxiety in young children. In line with previous research, we expbotad

abilities topredictthe severity of anxiety syptomatology.
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Fnally, some studies have demonstrated that empathy and ToM are strongly
influenced by gender and age differences (e.g., Ibanez et al., RAw&, Henry, Selcuk &
Slaughter, 2016; Strayer & Roberts, 2804zebvsky & KnafdNoam, 2017; ZhakVaxler,
Cole, Welsh & Fox, 19p%Ve therefore explored the role of gender and age in moderating
the associations between empathy, ToM and anxiety.

3.3 Method

3.3.1 Ethical statement

The study was approved by tihelevant university ethics committee and all parents or legal
guardians gave signed, voluntary consent for their children to participate.

3.3.2 Participants

Participants (n = 174) were aged between 4 and 7 years and had been referred to the
Neurodevelopmat Assessment Unit (NDAU;
https://www.cardiff.ac.uk/research/explore/researectinits/neurodevelopmert
assessmentinit) at Cardiff University by their teachers because of emotional and/or
behavioural difficulties. All children referred by their schoolteasheere eligible to take

part in the research and the overall sample consisted of children with varying levels of
emotional and behavioural problems. Once at the NDAU parents of all children completed
the Strengths and Difficulties Questionna{&DQ; Goodan, 1997)nd the Development

and Wellbeing Assessmef@AWBA; Goodman, 1997Mhe high anxiety (HA) group

consisted of 60 children (35 boys) who scored highly on the emotional problems scale of the
parent reported SDQ and/or obtained a research diagnofsé anxiety disorder as
determined by the parent version of the DAWBAe remaining 114 children (81 boys)
made up the normal or low anxiety (LA) group; these childrenitadscoreson the SDQ

emotional problems subscale and did not have a DAWBA gmiggnosis
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Consistent with the SDQ emotional subscaleaffiscore defined bythe SDQ scoring
guidelines (retrieved from http://
www.sdginfo.org/py/sdginfo/b3.py?language=Englishqz(U&}3coreof 5 or more

indicated high emotional problems, and scores of 4 or less indicated low emotional
problems. DAWBA diagnoses were established according telBSR criteriaChildren
were characterised as having a research diagnosis of anxiety if they eth@mmobability of
over 50% of having separation, social and/or generalised anxiety dis@sie? 50%
prediction band can be counted as a positive diagnostic prediction (Goodman, Heiervang,
Collishaw & Goodman, 2011). The parent reported SDQ and DAwieAised because, for
younger childrenparents are the best informants in rating intersalg disorders (Smith,
2007).

3.3.3 Materials

3.3.3.1 Strengths and Difficulties Questionnaire (SDQ)

The parent version of the Strengths and Difficulties Questine (SDQ) is a behavioural
screening questionnaire for children and young people agé@ gears. Parents are asked
torate 25itemsonaBl2 Ay d [ A1 SN &a0FfS o6FlaSR 2y K2g
behaviour over the last 6 months (0 = not true; 4omewhat true; 2 certainly true).

The 25 items comprise 5 subscales; four assess negative behaviours (emotional symptoms,
conduct problems, hyperactivity/inattention and peer relationship problems) and one
assesses positive behaviours (prosocial behaviour). In addition to subscale @B Q

also provides a Total Difficulties score, made up of all negative behaviour scale scores. This
score is indicative of the amount of psychosocial difficulties that a child presents with. The
SDQ has been found to discriminate well between childrigh and without psychological

problems (Goodman, 1999; Klasen et al., 2000; Mullick & Goodman, 2001) and is a proven
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effective tool to screen for child psychiatric disorders in community samples (Goodman,

2001; Goodman et al., 2000a). Consequently, the B&¥been used for a variety of

purposes, including clinical assessment and research. Emotional scale scores were used in

the data analysis for this study. The emotional subscale consists of 5 items with raw scores
ranging from 010. Example itemsincludé:a | y& @g2NNASax 2FiGSy asSSvya
dzy KI LIS R2gyKSI NISRéD ! f 6K2dZAK (GKA& &dzoaol f
generally and is not specific to anxiesgores on the SDQ emotional subsaaeelate

significantly with anxiety symptomsassessed by other measures of childhood anxiety,

such the parent version of thelROA a SR / KAf RNBy Qa alyA¥TSad ! yEA
al., 2003). Reliability estimates show moderate to strong internal consistency for the

subscale (e.g., Bourdon €t,a2005; Goodman, 2001; Hawes & Dadds, 2004).

3.3.3.2The Development and WeBeing Assessment

The Development and Wellbeing Assessment (DAWBA) isdapih diagnostic interview

dza SR (2 lFaasSaa OKAf RNBY Q&IV-IRaddED takodoky £ 2 3& | C
(American Psychiatric Association, 2003)ere are multinformant versions of the DABA

for parents and young people aged-1&-years. The current study used the parent version

of the DAWBA suitable for primary scha@ged children. Respondents initially complete the

SDQ before moving on to a more detailed interview that covers a widgerahspecific

diagnoses. Upon completion, the DAWBA computer programme proposes likely diagnoses,
ranging from a probability of less than 0.1% of having the relevant diagnosis to a probability

of over 70% of having the relevant diagnogike DAWBA is abto reliably and validly

discriminate betweertommunity and clinic samples in rates of diagnosed disorder

(Goodman et al., 2000b) and has been utilised consistently in research on child and

adolescent mental health (Meltzer, Gatward, Goodman & Ford, 2000)
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Social anxiety, separation anxiety and generalised anxiety data were utilised for the
present study. In addition to producing DSMTR and ICI0 orientated diagnoses,
dimensional scores for each disorder can be calculated. The dimensgmrab for
separation anxiety, social anxiety and generalised anxiety are made up of the total number
of worry areas (e.g., worries about past behaviour, worries about sleeping alone), the total
number of symptoms (e.g., worrying leads to concentratiofialifties) and the severity of
symptoms (a little/a lot).
3.3.3.3 Intellectual ability
To assess cognitive ability the Lucid Ability assessment was administered (Singleton, 2001).
The Lucid estimates figicale I1Q (FSIQ), verbal IQ and performance 1Q. For children #&ged 4
years verbal 1Q is assessed by a picture vocabulary task, and penioerQ by a mental
rotation task. For older children, age€l® years, verbal 1Q is assessed via a conceptual
similarities task, and performance 1Q through a matrix probkatving task. An overall
measure of FSIQ is calculated based on the sum of vandgberformance 1Q scores. The
validity of Lucid Ability is comparable to a range of conventional IQ measures, including the
Wechsler Intelligence Scale for Children (MI§Cthe British Ability Scales (Second Edition)
and the British Picture Vocabula®galed { SO2yY R 9RAGA2Y T [ dzOAR ! 6Af ;
Manual, 2015; Singleton, 2001).
3.3.3.4 Measurement of empathic abilities
To assess empathic ability children were shown three empattiycing film clips. The three
clips have been used in a study dacted by Noten and colleagues (2019), who
demonstrated that threeyearold children were able recognise and understand the
emotions presented in these videos. One clip represents happiness (a boy opening a

Christmas present), another sadness (a boy flughis dead goldfish down the toilet), and
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another one fear (a girl being scared of being in a car wash). The film clips vary in length
between 52 and 56exonds

After each clipparticipants were asked about the type and intensity of theotions
of the main character in the clip, the type and intensity of their own emotions and the
reasons for their emotions. The answers were calculated with a scoring system that takes
into account the three elements of empathig) the ability to identifthe emotional states
of another, (b) the ability to take the perspective of the other, and (c) the capacity to
demonstrate a congruent affective response with the protagoriikis scoring system was
FRFLIGSR FTNRY {GNJ &SNRAa 0 rodedosédinstidids of Both / 2 y (G A Y
adults and children (e.g., Braaten & Rosen, 2000; Ricard & Kasdbied(, 1995; van Rijn et
al., 2014; van Zonneveld et al., 2017).

Cognitive empathy scores in this study were calculated as follows. Ifipartts
correctly identified theemotion of the main character, they receivagboint. The responses
they gave for their own emotion were then coded on-paint scale: G= The participant did
not answer or gave an irrelevant answer; 1 (egocentric interpretation) = The participant
referred only to his or her actual feeling state (e.4 feel happy because | like Christmas");

2 (situationcentered interpretation)= The participant provided an explanation referring to
the situation (e.g., "l feel sad because the fish died"); 3 (charaetetered interpretation) =
The patrticipant proided an explanation that included a direct reference to the character's
feelings or experience (e.g., "l feel scared because she was scdrezt.were two
emotions for each clip that were considered corraad therefore,cognitive empathy
scoresfor each clipranged from 8.
/| KAf RNBYQa SY2GA2ya 6SNB FdzNIHKSNJ O2RSR F21

match with the protagonistO = child felt no emotion; 1 = child felt an emotion similar in
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w»

gl £t SyO0S (2 GKS LINHKI2I2 yWEa GKSH al YGK A AR @& SS YT
'.F

Aad 2 RATFSNBY(d AyiaSyairdeT o I OKAftRQa SY2i(A
LINE ( | 3 hefé\véerie v ebnotions for each clip that were considered corssat
therefore, affectiveempathy soresfor each clipjanged from 66. A randomly selected
subset of transcripts (15%) were independently coded by two trained coders; the interrater
agreement wa®2.2%and interd O2 NENJ NBf AL oAt AGASa o6/ 2KSyQa |
ranged from.83 (cognitive) and98 (affective).
3.3.3.5 ToM comprehension
ToM understanding was assessed with a fivem false belief (FB) battery, including three
cognitive tasks and one affective task. The cognitive set had an unexpected contents task
(Contents BTask) based on Wellman and Liu (2004); a changed location task, similar to
Baron/ 2 KSy FyR 02t t S IFBnzssar€The Saltpynnme bocaich THs@A G
anadapted versiondf 2dzf €t = [ SS{lFYXZ FYyR .SyySadd ownnco |
seond-order falseFBtask. The affective task was amotionFB tesithe BeliefEmotion
Task) very similar to the one used Byellman and Lui (2004A fixed presentation order
was used for the four tasks: (i¢liefFemotion, (2) explicit FB, (RpntentsFB, and (4)
secondorder FB.

For the scoring of the measures, we drewRlijo-l 22 3Sgead +yR 02f t S| 3d:
reasoning that a better agssment of ToM is obtained when participants are asked to
justify their responses (e.g., why does Tiger think there are Smatrties in the tube?);

justification of responses eliminates the possibility that children pass the task based on

chance. Moreover, sofbeliefbasedterms in justification®of FB taskappear to represent

1 The ToM tasks used in this chapter are the same as those used in Chapter 2. However, while the tasks in
Chapter 2 were scored dichotomously, the tasks in this chapter are scored using a dimensional scoring system.
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a more sophisticated ToM ability (Begeer et al., 2@@ments, Rustin & McCallum, 2000;
Hale & TageFlusberg, 2008 Thus, for the emotion FB, unexpected contents FB, and
secondorder FB tasks justification questions were incorporated, and consistent with
previous studies, justifications includibgliet-basedterminology were given a superior
score(Clements, Rustin & McCallum, 2000; Hale & Tafesberg, 2008 Scores for eachfo
these three tasks ranged from3)(see Tabl8.1). Scoring rules from WellmamdLiu

(2004) were used to code the explicit FB task; children passed the task if they answered the
test and associated control questions correctly. A justification question was not asked for
this item in order to prevent carrgver effects with the later adiistered seconebrder

task. A total ToM score, ranging from 0 to 10, consists of the sum of scores on the four ToM
items; a total affective ToM score, ranging fror3,0consists of the score on the emotion FB
task; and a total cognitive score, rangingnfr@-7, consists of the sum of scores on the
unexpected contents FB, the explicit FB and the searddr FB tasksA randomly selected
subset of transcripts (15%) were independently coded by two trained coders; the interrater
agreement wa®0.®oandinter-a O2 NENJ NBf Al oAf AGASa 6/ 2KSyQa

codersranged from0.68to 1.00(mean® = 86).

Table3.1 Scheme for coding ToM tasks
Unexpected Contents FB
0 = answered test questions incorrectly
1 = answered test questions correctly but diot provide an appropriate justification
(e.g., Because he loves them
2 = answeredest questions correctly and provided an appropriate dmlief justification
e.g.
¢KS YA&AESIRAY3A | LIISIENIYOS oSo3aovr LGQa
Nonbelief mental state (e | S RARY QG &SS0
Deception (e.g. He was tricked)
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3 = answered test questions correctly and provided an appropriate Hedieéd
justificatond S®3I dx . SOl dzaS KS R2SayQi 1y26 6|
Explicit FB

0 = answered test questions incorrectly

1 = answered test questions correctly

BeliekEmotion

0 = answered test questions incorrectly

1 = answered test questions correctly but did not provide an appropriate justification
(e.g., Because he fedlappy)

2 = answered test questions correctly and provided an appropriatebadief justification
e.g.,

Apparent contents (e.g., Because he has quus)

Nono St ASF YSydalrt adlrdisS 6S®ads . SOFdzaS |
Deception (e.g., Someone tricked him)

Preference (e.g. He likes cquaps)

3 = answered test question correctly and provided an appropriate beéséd
justificaionE @3 d> . SOl dza S K-Bopdiirfsiley { & G KSNBE QNB
SecondOrder FB

0 = answered test questions incorrectly

1 = answered test questions correctly but did not provide an appropriate justification
2 = answered test questions correctly and provided an appropriatebadief justification
e.g.

hNAIAY LT £20F0A2y 2F 2062S00 A& YSyidGaAz2
3 = answered test question correctly and provided an appropriate be#edd
justification, e.g.,

bSaldAy3a 2F ONMHzOALFE AYF2NNIGA2Y SAGKAY
OdzLI6 2 NRX YR (KSYy>X YR 4KS GKAYy1&a& bAl
Embedding of mental state (e.g., Because she thinks Nick thinks it is in the bed)

Note:FB, false belief

3.3.4 Procedure

Children visited the NDAU to participate in an individual testing session, during which
empathic ability and ToM comprehension were assessed. At the same time, in a separate
room, parents or legal guardians answered a battery of questionnaires and aus&dct

AYOSNIDASG Fo2dzi GKSANI OKAf RQa LJAeOKz2ft 23AO0! f
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3.3.5 Statistical analysis

Preliminary analyses investigated differences between the LA and HA groups in gender, age,
estimated intellectual ability, anxiety symptomatology and externalising lprab that are
frequently associated with empathy. We performed independent samiptests (twc

tailed) to investigate differences between groups in cognitive and affective empathy and
cognitive and affective ToM. We then investigated the relationships/beh ToM, empathy

and anxiety using correlational analysis. Finally, a hierarchical multiple logistic regression
was performed to assess empathy and ToM predictors of anxiety symptomatélibgy.

statistical analyses were performed using the Statisticak&ge for the Social Sciences (IBM

SPSS 24) software and significance level was 8et abb.
3.4 Results

3.4.1 Preliminary analyses

Descriptive characteristics of the HA and LA groups are included in32bléhe groups did
not differ in age, genderrcestimated intellectual ability. Significant group main effects were
evident on both measures of anxiety: the parent SDQ emotional subscale and on a
combined measure of anxiety that is constructed from the DAWBA separation anxiety,
social anxiety and genalised anxiety dimensional scores. In terms of externalising
behaviours, there were no group differences in peer problems or prosocial behaviour.
However, the HA group scored significantly higher on measures of peer and conduct

problems, as assessed byetharent SDQ.
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Table3.2 Descriptive statistics for age, gender, estimated intellectual ability and
symptomatology measures for the two groups

LA (n= 114) HA (n= 60)

M SD M SD t/ v’ test p
Age (in months) 74.43 12.09 76.78  14.31  t(172)=1.144 .254
Gender (% boys 69.8% 58.3% L%(1) = 2.862 .091
1Q 47.95 27.03 46.20 22.73 t(140.05 =.447 .656
SDQ Emotional 2.05 1.30 6.62 1.91 t(89.4) =16.609 <.001
DAWBA Anxiety 5.05 10.60 27.43 21.24  t(74.8)=7.676 <.001
SDQ Peer 2.46 2.17 3.97 2.08 t(168) =4.376  <.001
SDQ Conduct  3.70 2.57 4.97 2.66 t(168) =3.031  .003
SDQ 7.58 2.66 8.07 2.22 t(168) = 1.267 .207
Hyperactivity
SDQ Prosocial 6.95 2.30 6.25 2.70 t(168) = 1.794 .075

Notes: DAWBA Anxiety measure consists of separation anxiety, social anxiety and generalised
anxiety dimensional scorgkA, low anxiety group; HA, high anxiety group; 1Q, intelligence quotient;
SDQ, Strengths and Difficulties Questionnaire

3.4.2 Main analyses

Results of the univariate comparisons between HA and LA children can be seen in.Bable 3
HA children had significantly lower scores on affective empath$p) = 2.299 = .023d =
0.39, 95% CI [0.37, 2.71], and marginally higher scores on cognitg(L62) =1.824,p =
.070,d = 0.29, 95% Cid.06, 1.16] than TD children. There were no significant differences

between the groups for cognitive empathy or affective ToM.

Table3.3 Means, standard deviations anddst analyses of empathy and ToM performance
in children with highand low anxiety
LA(n =114) HA(n = 60)
M (SD) M (SD) t p
Affective empathy 8.04 (4.009) 6.50 (3.812) (155) =2.299 .023
Cognitive empathy 10.14 (5.020) 9.23 (4.269) (155) =1.124  .263
Affective ToM 1.33 (1.025) 1.45 (0.994) (161) =.693 490
Cognitive ToM 2.13(1.818) 2.68 (1.910) (162) =1.824  .070
Notes:M, mean; SD, standard deviation; LA, low anxiety group; HA, high anxiety group
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revealed that the group differences in affective empathy were more pronoufmethe

negatively valenced emotions: while the HA group scored significantly lower than the LA

group on affective empathy for fear(37.05) = 2.09&) = .038,d = 0.34, 95% CI [0.03,

1.17]] and marginally lower for sadne$6l{7/1) = 1.843p = .067,d = 0.30, 95% Cid.01,

1.05]], there was no difference for happines€lp3) = 1.269 = .206,d = 0.21, 95% Ci |

0.26, 1.04]].

The relation between anxiety (measured by SDQ and DAWBA combined dimensional
scores) and affective empathy for nega&tigmotions was further supported by correlational
analysis, which indicated that anxiety was significantly negatively correlated with affective
empathy for fear(=-.172,n = 155p = .033), and marginally correlated with affective
empathy for sadness €-.143,n = 169p = .064). In addition, anxiety was significantly
positively correlated with cognitive ToM#£ .192,n = 164p = .014).

To investigate the possibility that the correlations between anxiety and cognitive ToM
and affective empdty for negative emotionsould beexplained byndividual differences in
peer and/or conduct problems, we conducted multiple regression analyseaffective
empathy for fear and affective empathy for sadness were correlated4),a negative
affectiveempathy composite score was calculated on the basis of total affective empathy
responses for fear and sadness. Two separate analyses were performed for affective
empathy and cognitive ToM as outcome variablaghe first regressionraalysis (model 1)
we entered affective empathy for negative emotions as the outcome varighen the
three predictors (anxiety, conduct and peer problems) were entered into the regression,

although the overall model was trending towards significai¢&153) = 2.61p = .054,
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adjusted R= .05, results demonstrated that only anxiety symptomatology significantly
predicted affective empathy for negative affept< .05 In the second analysis (model 2),
we entered cognitive ToM as the outcome varialWhen the same three predictors were
entered into the regression, although the overall model was trending towards significance,
H3,163) = 2.46p = .065, adjusted = .04, once agaimnly anxiety emerged assignificant

predictor of cognitive ToM (Table 3.4).

Table3.4 Regression analyses of the main effects of anxiety, peer problems and conduct
problems on cognitive ToM and affective empathy for negative emotions

B Sk ] Cl
Model 1 (DV: Affective empathy
for negative emotions)
Intercept 3.026 .523
SDQ/DAWBA Anxiety -.033 .014 -.199* -.060 -.006
SDQ Peer .036 117 .026 -.194.267
SDQ Conduct .146 .097 125 -.046-.339
Model 2(DV: Cognitive ToM)
Intercept 2.243 301
SDQ/DAWBA Anxiety .021 .008 .206* .005-.037
SDQ Peer -.009 .068 -.010 -.144- 127
SDQ Conduct -.056 .057 -.081 -.168-.055

Notes:Negative affective empathy is a composite score made up of total affective empathy
responses for fear and sadne8s; unstandardized regression coefficie®ts = standard error of
the coefficienti =standardized coefficienCI=confidence intervals* = p < .05 DV, dependent
variable; SDQ, Strengths and Difficulties Questionnaire

To determine the relative contribution of affective empathy and cognitive Trobkplaining
anxiety symptomatology we performed a linear regression analysis,g the negative
empathy composite scoréhe multiple regression model significantly predicted anxiety
symptomatologyH2,149) = 4.550 < .05, adjusted?® = .06 Bothlow levels ofaffective
empathy for negatively valenced emotions and high levels of cognitivesigmificantly

added to the predictionp < .05 (Table 3.5).
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Table3.5 Regression analyses of the main effects of negative affective empathy and

O23yAiGADBS ¢2a 2y OKAftRNByQa FyEASGe &devyLizyYl

B Sk j Cl
Intercept 15.362 2.952
Negative affective empathy -1.003 481 -167* -1.954 -.051
Cognitive ToM 1.599 .800 161* -.018¢ 3.180

Notes: Negative affective empathy is a composite score made up of total affective empathy
responses for fear and sadne8s= unstandardized regression coefficieBts = standard error of
the coefficienti =standardized coefficienCl=confidenceintervals * =p < .05

2 KAETS OKSNB ¢gla y2 aA3ayAFTAOIYyd RAFFSNByYyOS

sadness, boys were worse in affective empathy for fear than g{t/S7) =2.305,p = .022]
and had lower scores atognitive ToM{(162) =2.425,p = .016]. However, a moderation
analysis revealed that the relationship between affective empathy for fear and anxiety, and
cognitive ToM and anxiety did not differ based on gender [affective emp&hy151) =
1.443,p = .232; cognitive TOMX1, 160) = .235 = .628]. Finally, we examined the relations
between affective empathy and cognitive ToM and age. While age was not significantly
related to affective empathic performance for either fear or sadn#dss,e was a positive
association betwen age and cognitive ToM+ .466, n = 164 < .001].However, the
relationship between cognitive ToM and anxiety was not moderated by §@e160) =
.610,p = .436].

3.5 Discussion
The current study focused ampathy and theory of mind (ToMieficits related to anxiety
symptomatology in younghildren with emerging neurodevelopmental problen@verall,
highly anxious (HA) children demonstrated elevated cognitive ToM abilities and reduced
affective empathic tendencies compared to normal or low anx{a4g children. More

specifically, HA children exhibited more pronounced impairments in affective empathy for
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fear and sadness. Correlational analysis further supported the presence of a unique social
profile in highly anxious children; anxiety was positvcorrelated with cognitive ToM, but
negatively correlated with affective empathy for both fear and sadness. Finally, the results
of regression analyses demonstrated that low affective empathy for negative emotions and
high cognitive ToM are predictivé anxiety symptomatology in young children. These
findings underpin the importance of early detection ofregk children; in our sample the
childrenwereidentified by their teachers for exhibiting emotional and behavioural

problems and have been found tiisplay impairments in their ToM and empathic abilities.
Impairments in empathy and ToM have also been reported in adults with anxiety disorders
and implicated in the development and maintenance of adult anxiety symptomatology
(Auyeung & Alden, 2016; Gamb& Sharp, 2018; Hezel & McNally, 20T#Elhanany &
ShamayTsoory; Zainal & Newman, 2018).

Cognitive ToM

More accurate performance of HA children on the cognitive ToM tasgports the notion

that anxious individuals exhibit an enhanoédilance to all social stimuli, even in relation to
stimuli devoid of emotional content. These findings are asline with studies

demonstrating that the enhanced sensitivity resutt elevated ToM performancd bk

Elhanay and Shamdisoory, 2011Zanal & Newman, 2018).

Typically, individuals with high levels of interpersonal sensitivity think and care more
about what others are thinking. Consequently, it is not surprising that these individuals are
0SGUSNI i RSO2RA Y Eurthernér& tEhe firsf @mé itHe presanti studyS a o
demonstrated that enhanced cognitive ToM performance predicts anxiety symptomatology.
It is possible that a heightened ability to understand the mental state of others results in

paranoid thinking and casdrophising, which in turn causes anxiety.
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Some theorists have suggested that aggressive and comlifsmtdered children may also

display enhanced ToM, given that this skill is necessary to manipulate oBjerk\(st,

Lagerspetz, & Kaukiainet992; Suton, Smith & Swettenham, 1999). Indeed, ToM

superiority has been associated with aggressive and antisocial behaviour (Silvern, 1981,

cited in Waterman et al., 1981; Sutton, 199%pwever, in our sample, such externalising

problems were not responsible fthhe enhanced performance in cognitive ToM, suggesting

that elevated theorising in the current sample is specific to anxiety symptomatology.

Affective ToM

Although HA children demonstrated elevated cognitive ToM, their affective ToM score did

not differ from normal or low anxious children. This finding is in contrast to the

aforementioned notion, that the hypervigilance demonstrated by highly anxious individuals
resultsin greater mentalising abilities. However, our results are consistent with Zainal and

Newman (2018) who found comparable affective ToM among those with and without

generalised anxiety when worried. The dissociation between cognitive theorising and
FFFSOUADS GKS2NRAAYI AYLIASE GKIFIG OKAf RNBY QA
thoughtst YR 0SSt ASTa R2Sa y2i SEGSYR (2 GKSAN dzyR
According to the Simulation Theory (Gallese & Goldman, 1998), understanding how a
LISNR2Y FSSfa RSLISYRa 2y (KS YAYAOlAYy3d 2F GKI
studyexhibited deficits in affective empathic responding, which may be responsible for their

flIr 01 2F SYKIFIYyOSR dzyRSNEGFIYRAY3 YR ARSYGATFEA
Cognitive empathy

Consistent with this theory, there were also no significant differences initogrempathy

between the HA and LA groups. While tisign contrast to some studies, who have

observed eitheenhanced Auyeung & Alden, 2016; TiBlhanany & Shamalsoory (2011)
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or impaired(Gambin & Sharp, 2018pgnitive empathy in adults with anxigtit is in line

with one previous study by Morrison and colleagues (20A§)ossibility for this

contradiction in results is that the relation between cognitive empathy and anxiety varies as

a function of the methodology used. For example, no differemee®gnitive empathy were

found when performancdased measures of empathy were used (Morrison et al., 2016),

whereas clear differences in cognitive empathy were found when usingegeift

measures (Gambin & Sharp, 2018; -Ellianany & Shamalsoory, D11). The behavioural

empathy task utilized by Morrison and colleagues (2016) involved watching videos of real

people expressing real emotions, and then providing ratings of how they believed the

person was feeling. Film clips portraying natural expressiorirueto-life settings aim to

elicit an immediate empathinducing response and the questions following encourage the
AYYSRALFGS S@lItdzr A2y YR NBLER2NIAYI 2F SY20A2
emotions immediately following the visualizati of an empathyinducing stimulus may

result in a more accurate measure of empathy than-sgort measures, which rely on
NBEGONRALISOUADS | YRKk2NI KELRIKSGAOIT NBLRNIAy3IQ
responses to questions abobhbme-videos dsplaying authentic emotions indexed cognitive

empathy and may explain why no differences in cognitive empathy were found.

However, our null finding with regard to cognitive empathy is also contradictory to
studiesindicating an association between anxiety and the recognition of negative facial
expressions in both children and adulBoty, Japee, Ingvar & Ungerleider, 201i&nkel &
BarHaim, 2011Garner, BaldwinBradley & Mogg2009;GutiérrezGarcia & Calvo, 2017;
Jarros et al., 20t2Joormann & Gotlib, 2006au et al., 2012 ee, Herbert & Manassis,

2014; Montagne et al., 2007; Surcinelli, Codispdbintebarocci, Rossi, & Baldaro, 2006;

Richards et al., 200X oon, Yang, Chong & Oh, 2DIHEacial emotion recognition is a
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contributing factor in the ability to empathise (Blair, 2005; Marshall & Marshall, 2011,
Marshall, Hudson, Jones, & Fernandez, 198f)eed, in their staged multicomponent

model of empathy, Marshall et al. (1995) stated that the empathy process involves four
discriminable steps: (1) emotion recognitidg) perspective takind3) emotionsharing (4)
response decision. Thus, if chigd with anxiety are impaired in recognising negative
emotions, we would also expect them to display an impairment in cognitive empathic
responding for negative emotions. However, recent evidence has contradicted this
hypothesis. Hunnikin and colleague®19) found no evidence of an association between
emotion recognition and cognitive empathy in a group dfI#year olds children atisk of
antisocial behaviour. Similarly, Lui and colleagues (2016) showed that in adolescents with
callous unemotional traft, impaired cognitive empathy was not mediated by emotion
recognition. This recent line of research suggests that facial emotion recognition
performance is not a mechanism for cognitive empathic responding in children with
disruptive behaviour disordersh&se findings may extend to samples of children with
anxiety symptomatology. However, research on the relationship between facial emotion
recognition and cognitive empathy in children with anxiety is needed to confirm this.
Affective empathy

Although there were no group differences in cognitive empathy, highly anxious children
performed significantly worse, compared to the low anxious group, on measures of affective
empathy. More specifically, poor affective empathic respagdn HA children was more
strongly associated with negatively valenced emotions, particularly fear. Furthermore, low
affective empathyfor negative emotions was found to directly predict anxiety

symptomatology. These findings are in supporthaforeticd frameworksthat propose
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that hypervigilance to threatelated stimuli causandmaintain anxious stateeck et al.,

1985; Beck & Clark, 199ysenck, 1992; Eysenck, 1997; Mogg & Bradley, M8§g et al.,

1997; Williams et al., 1988Yilliams et al. 1997).More specifically,ndividuals with anxiety
disorders experience pathological fear related to the presence or anticipation of a particular
object, situation or outcome, which researchers suggestmaintained bylysfunctional
schemata which raplg orients and allocates attentional resources to threatening stimuli in
their environment Beck et al., 1985; Beck & Clark, 198ysenck, 1992; Eysenck, 1997;

Mogg & Bradley, 1998/ogg et al., 1997; Williams et al., 1988jlliams et al., 1997).

Enhancd sensitivityto threatening stimulin individuals with anxiety leads to emotion
regulation difficulties, including emotional reactions to threat that occur more easily,

quickly, and intensely than for most other people. Such overwhelming negative feelings in
response to perceived threat ngaesult in anxious individuals being unable to understand

and identify their emotions (Mennin et aRP05). Consequently, it is possible that highly
anxious children have deficits in affective empathic responding to fear and sadness due to a
unique tendeicy to overempathise. However, the reverse process may also exist;
AYRADGARIZ £ & SELSNASYOAY3 Y2NB AyidiSyasS Sy2ihiz
overly engage with others, resulting in elevated levels of anxiety. Elaborating on these
results,if&KA f RNBY 6AGK FyYEASGEe | NB NBaLRYyRAYy3a (G2 ;
negative emotional intensity on a regular basis this could have detrimental effects on their
interpersonal relationships. Indeed, children with anxiety disorders have fewer friends and
are more neglected by peers comparedypically developingontrols and children with

conduct disorderCD Chansky & Kendall, 1997; Strauss et al., 1988). This was supported in
our sample with the HA group being reported to have significantly highetdeof peer

relationship problems.
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Impaired affective empathy for negative emotions has also been documented in
children with externaBing problems, includinghildren at highrisk of developing antisocial
behaviour yan Zonneveld et al., 2017), childrevith diagnosed disruptive behaviour
disorders e Wied, Goudena & Matthys, 2005) and children with psychopathic tendencies
andconduct problems recruited from the communifyones, Hapf Gilbert, Burnett, &

Viding, 2010). Moreover, unique emotional pessing deficits for fear have been
documented in adolescents withD(Fairchild, van Goozen, Stollery & Goodyer, 2008) and
children with symptoms of psychopathy (Dadds et al., 2006)ur sample, such
externalising problems were not responsible for thgpairments in affective empathy,
suggesting that reduced affective empathy for negative emotions in the current sample is
specific to anxiety symptomatology.

Though current findings of impaired affective empathic responding for negative
emotions are in spport of theoretical models of anxiety and studies of children with other
forms of psychopathology, they are in contrast with previous anxiety research. Morrison
and colleagues (2016) reported that adults with social anxiety disorder (SAD) only displayed
impaired affective empathy for positive emotions compared to LA controls. These results
carry several implications. First, they suggest that findings in individuals with a diagnosis of
SAD may not extend to those with undifferentiated anxiety symptomatol8ggondly, it is
possible that the affective empathic abilities underlying anxiety in adults differ from those in
children. Both implications extend to our results more generally. Given the wide range of
anxiety symptomatology included in our study we ar@ble to compare our findings with
previous studies that only included individuals with one anxiety disorder. Further research
would benefit from examining the overlapping and distinct roles of ToM and empathy in

relation to symptoms of anxiety specif@ particular anxiety disorders. Moreover, the
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young age of our participants and the fact that their ToM and empathic abilities are still
developing, limits our comparison with the previous studies conducted in adolescents and
adults.More research inveggiating the relationship between ToM, empathy and anxiety
during the same age period is needed in order to further elucidate our findings.

Strengths, limitations and further research

The current study also has several other limitatidfisst despite usingeliable andwell
replicated ToM tasks, future studies should explore the afSEoM paradigms focusing on
stimuli that are ecologically more similar to the types of natural stitmuiblved inOK A f RNBy Q&
social interactions. Thilovie for the Assessment of Social Cognition (Dziobek et al., 2006)
assesssToMviaparticipant€tlzy RSNE G F yYRAY 3 2F 20KSNJ LIS2LX SQa
response to home videos of real people. This tslessesndividual€) | dodéterniing

what other people are thinking and feeling based on a randgaaibrsapplicableto reallife

social interaction®.g., context, eye gaze, facedpressionsHowever this paradigm was
designedto assess advanced ToM in adulthamtd consequentlyjs not valid for use in

young childrenSmilar tasks should be developed to ass&s# ability during childhoodt

is also important to keep in mind that the current study only expliavae componentof

ToM, namely false belieT.oM involves understanding a number of concepts (e.g.,

intentions and desires) acquired in a series of developmental accomplishments (Wellman &
Lui, 2004)However, the development of false belief understanding is centrahdute

ages of 4 and 7 and consequentigsessing this component of ToM prowides with

information on impairments that are highly representative of children in this age giup.
further limitation of our ToM tasks is the useakinglevignette, assessg only happiness

and sadness, to evaluate affective ToM. It would be interesting to establish if children with

anxiety symptomatologsgtill exhibit intact affective ToM when presented with tasks
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assessing the understanding of othemore complexemotional displaysBased on this,
future research should aim to incorporate a more comprehensive measure of affective ToM
reasoning Anotherlimitation relates to the generalisability of our results; our study
involved children aged-4 years, and ther@ire findings cannot be extrapolated to other
age groups. Even within the period of childhood, results could vary significantly between
children aged 4 and 811 years, given the contired development oemotional andsociat
cognitiveabilities during chdhood.Finally,practical limitations prevented the collection of
complete empathy and ToM data with the full sample (n = 174) and consequently, a
consistent group of the same participants could not be used at all stages of analyses.
However, thiss a conmon and unavoidable limitation when collecting vast amounts of data
from hardto-test families andndividualswith symptoms of NDDs (e.g., Airdrie, Langley,
Thapar, & van Goozen, 2017).

Despite the limitations, the current study advances our understandfripe
emotional andsociatcognitiveprocesseghat underlie anxiety in young children. This is the
first study to examine affective empathy, cognitive empathy, affective ToM and cognitive
ToM in primaryschool aged, preliagnostic children within one eerimental set up. The
utilization of this sample allowed the investigation of ToM and empathic abilities at a time
critical for soab-cognitive ancemotionaldevelopmentand when emotional and
O0SKI@A2dz2NI f LINRPof SYa KI @ SurnytRisihasseSableddBeited K S R
understanding of the potentiable of ToM and empathy as protective factors for the onset
of anxiety. A further strength of the sample used is that all participants were referred to
NDAU for a range of emotional and behavalyproblems. Evidence has consistently
demonstrated a high rate of comorbidity for individuals presenting with anxiety disorders

(Bernstein, 1991; Borkovec, Abel & Newman, 1995; Brown, Antony & Barlow, 1995; Brown
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& Barlow, 1992; Deaesmith, Brady & Capibell 1998; Kendall, 1994; Kessler et al.,
1994;Masi et al., 1999erikangas et al., 1998.or example, children and adolescents

with anxiety disorderfiave comorbid attention deficit hyperactivity disordd5-50%,
depression25-50% andor disruptive disorder$20-63%) (Angold et al., 1999; Axelson &
Birmaher, 2001Biederman et al., 199&;ostello et al., 2003; Curry & Murphy, 1995;

Garland & Garland, 2001; Masi et al., 2004). Results such as these have led researchers to
guestion the curent diagnostic categories and begun to instead assess psychopathology
dimensionally (e.g., Achenbach, 19€&ron& Rutter, 1991; Cuthbert & Insel, 2018)ur

study, in using a dimensional approach to investigate the rotradtional and social
cognitiveprocesses in the context of emergiagiotional and behavioural difficultigs not

only relevant to those who already display anxiety symptomatology, but also for those with
other types of neurodevelopmental problems.

Conclusions

Our results indicate that lower levels of affective empathy for negative emotions, and higher
levels of cognitive ToM are associated with elevated anxiety during early childhood. In
particular, affective empathy for negative emotions and cognitive ToM vessociated with
increasedanxiety symptomatology. Therefore, both affective empathy and cognitive ToM
are important aspects of behaviour that may need to be considered when it comes to
develming early interventions that aim to prevent or reduce anxiety in young children. In
line withtheories suggestinthat hypervigilance towards threat plays a central role in
anxiety disorderswe propose that highly anxious children experience negativetioms

with greater intensity, impairing their ability to interpret their own negative emotions.
Therefore, interventions that focus g@romotingemotional awareness, mayelpyoung

children tobetter understandwhy they experience emotions satensely(Hannesdottir &
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Ollendick, 2007Mennin, Heimberg, Turk, & Fresco, 2008)turn, we propose that
enhanced vigilance towards social stinadn help to explain theuperior cognitive ToM
performance exhibitedby the current sampleCognitive moels of anxiety suggest that
hypervigilance is a result of dysfunctional schemata which rapidly orientate and allocate
attentional resources to social stimheinrichs & Hofmann, 2001; TbBihanany &
ShamayTsoory, 2011) and consequently, interventioasgetingmaladaptive cognitive
schemata, such aognitivetherapy, may help reduce anxiety symptomatolagyhildren
(Beck et al., 199@eck & Clark, 199TClark & Beck, 2011; Padesky, 1994 line with this
proposition, there is already evidence thaignitive restructuringsimed atchangng
dysfunctionalschematas an effective treatment for childhood anxiety disordézsy.,
Hogendoorn et al., 2014auta, Scholing, Emmelkamp & Minder2801; James, James,

Cowdrey, Soler & Choke, 2013).
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4. The contribution of facial mimicry to cognitive and affective

empathy in 4 to 7-year-old children
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4.1 Abstract
BackgroundResearch conducted in adolescents and adults indicates that observing
FY20KSNDRa SY20A2y alLkRyildlySz2dzate OGADrGSa GK
inducing a corresponding and congruent emotional response (affective empathy) and
subsequetly facilitating emotion understanding and perspective taking (cognitive
empathy).In the present study, we investigated the relationship between mimicry and
cognitive and affective empathy in scheaged childrena period when empathic
responding is less liketo be influenced by social factors, such as display rules and social
desirability.
Method. One hundred and fortyour 4- to 7-year old childrerwatched three film clips
showing a sad, happy and scared child, respectively, while facial mimicry was dassage
iMotions software Questions about the emotions of the children in the clips were asked to
assess cognitive empathy, and questions about the emotions the participants felt whilst
watching the clips were asked to assess affective empathy.
Results Wefirst confirmed that the film clips elicited differential facial responses that were
in line with the presented emotion§Ve found thatchildren who exhibited stronger facial
mimicry in response to sadneseported higher recognised and experienced sadness
However, in contrast to previous studidemonstratingthat facial mimicryis related to
cognitive empathy indirectly via affective empathy, we found stronger support for a
mediating role otognitive empathySimilar relations between mimicry and empathy could
not be confirmed for happiness or fear.
ConclusionsThe study provides support for the notion that mimicry facilitates empathic

responding, especially in the case of sadness. Impé&hadl reactivity in response to
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distress may be responsible for some empathy problems in children with
neurodevelopmental problems.
4.2 Introduction

Empathy, defined as the ability to understand and share the emotions of others, consists of
both cognitive and affective processe€ognitive empathy is the ability to identify the
emotional state and take the perspective of another, while affective empathy refers to the
capacity to experience a vicarious response to another (Davis, I12®@athy is an
essei A f | ALISO0 2F OKAf RNBY Qiimotvatés prosocial Yy R SY 2 (i)
behaviour and inhibits aggressive and antisocial behaviour (Batson, 2011; Decety &
Svetlova, 2012; Eisenberg, Tracy & Knafo, 20tl8)assumed that empathy is initiated by
GKS 20aSNIIGA2Yy 27T Seyirdya peoniaplapayi 2niofiopayfactal & G | (0 S
expression often elicits the same expression in the observer. For example, a common
response to seeing someone smile is to smile ourselMes process of imitating y 2 G K S NI &
facial expression has been termed facial mimicry, and its existence has been established
studies of both adults (Bernieri et al., 1988; Cappella & Planalp, 1981; Dimberg, 1990) and
children (Chisholm & Strayer, 1995; de Wied et al., 2006, ;2889iland & Lelwica, 1987).
However, the process by which mimicry is related to empathic responding remains unclear.

The main aim of the current study was to examine the interrelations between
mimicry and cognitive and affectivampathy in children of primary school age date, the
only studies investigating the relationship between the three constructs simultaneously
have been conducted in adolescents and adultR 2 £ SaO0Sy1aQ yR | RdzZ G4Q
do not always matchhteir true feelings. In social situations, they are likely to follow emotion
display rules, which lead people to modify (intensify, neutralise, hide) their emotional

responses in accordance with contesgecific expectations (Ekman, 1972; Ekman & Friesen,
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AptpT {FFENYAZ MpyHOD / KAf RNByQa (yz2¢fSR3IS 27
fully develop until 1611 years (Gnepp & Hess, 1986). Consequently, children are more likely

to show significant convergence between their feelings and their faciakszmns,

enabling us to establish the underlying relationship between mimicry and empathy.

The relationship between mimicry and cognitive and affective empathy

The literature proposes two main claims regarding the function of mimicry; (1) it facilitates
emotion recognition and perspective taking (cognitive empathyg., Niedenthal, Brauer,

Halberstadt & Inne&Ker, 2001 Oberman, Winkielman & Ramachandran, 2002) it

enables emotion contagion (affective empathiatfield, Cacioppo & Rapson, 19®#Ess&

Fischer, 2013Laird et al., 1994 Theoretically, it is reasonable to expect tifetial mimicry
specifically underlies affective empathy, given that both processes are relatively automatic

and noncognitive (Hoffman, 1984). According to the perceptamtion model(PAM;

Preston & De Waal, 20D2vhen people perceive an emotion in others, they automatically

mimic this emotion, which firstly results in an affective empathic response and then a

cognitive one. Similarly, the facial feedback hypothe&gefnann & Zajonc, 198%uggests

GKFG YdzaOfS T OUAGlIGA2Yy Ay NBalLkRyasS G2 20§KSNE
feedback, inducing a corresponding and congruent emotional response (affective empathy).
This congruent emotional reaction facilitatemotion understanding, and thus cognitive

empathy Hatfield, Cacioppo & Rapsdl994; Hoffman, 1984; Lipps, 1907). However, other
Y2RSt&a 2F SYLI GKéx ¥2NJ SEFYLX S al NAKFEf | yR
model of empathy, suggests thabsening the emotions of others facilitates emotion

recognition, which results in perspective takjagd subsequently facilitatesn emotional

response indicating a different order of event$hey argue that without first being able to

recognise the emotion and adopt the perspective of that person, how is one expected to
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experience a vicarious emotional respongéferefore, while positive associations can be
expected between mimicry and cogmg and affective empathy, the order of the
relationships remains largely unknown.

The relation between mimicry and cognitive empathy has predominantly been
investigated via mimicry blocking. This paradigm involves comparing two conditions) one
GKAOK LI NIAOALI yiGaQ Tl OA lterferingian@nipdations (8lds, NB & G N
being asked to bite on a pen) and one in which participants can freely move their facial
muscles. Such studies provide some evidence for a positive relaifobstween mimicry
and cognitive empathy (Niedenthal et al., 2001; Oberman, Winkielman, & Ramachandran,
2007; Ponatri et al., 2012; Rychlowska et al., 2(0Adr) example, Niedenthal and colleagues
(2001) found thaparticipants who were free to mimic detesd expression changes for
happiness and sadness more rapidly than did participants who were inhibited from
mimicking.Utilising the same method)berman, Winkielman, and Ramachandran (2007)
RSY2yaidNI SR GKI G o6f 201 Ay 3 ¥oeihQlie&dognitigh 0§ KS 26
of happiness and disgust, although tleeognition of fear and sadness was not affected.
Somewhat similar results were found Bpnari and colleagues (2012)Jthough blocking
muscles negatively affected the recognition of happinessgust, anger and fear, no effect
was found for sadness and surprise. The authors suggested that the lack of association
between mimicry and cognitive empathy for certain emotions might be due to the
associated muscle sites not being successfully btbbietheir manipulations. Thus, more
effective paradigms for investigating the relationship between facial mimicry and cognitive
empathic responding are needed. Moreover, in all the aforementioned studies the
relationship between mimicry and cognitive entpya was investigated in adolescent and

adult participants, and cognitive empathy was consistently conceptualised as emotion
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recognition, which is only one aspect of cognitive empathy. As a result, these results cannot
be generalised to explain the relatiship between mimicry and cognitive empathic
responding in young children.

Regarding the relationship between mimicry and affective empathy, associations
have frequently been demonstrated between these constructs (Anastassiou
Hadjicharalambous & Warden, ZD0Chisholm & Strayer, 1995; Eisenberg et al., 1989;
Eisenberg et al., 1994; Stel, van Bareen & Vank, 2008; Zhou et al., 2002). For example,
Rymarczyk and colleagues (2016; 2019) showed that individuals high in affective empathy
reacted with greater actity in the corrugator supercilii and levator labii muscles in
response to pictures of fearful and disgusted faces, compared to individuals low in affective
empathy. In addition, affective empathy has also been found to mediate the relationship
between mimicy and prosocial behaviour. In a sample of 46 adults, mimicry facilitated an
affective empathic response, which activated prosocial behaviours directed toward others
(Stel, van Baaren & Vonk, 2008).

Despite the importance of mimicry for adequate emotioaatl social responding,
only one study has investigated the relationship between mimicry and affective empathy in
children of primary school age. Anastasskdadjicharalambous and Warden (2007) found
that there was significant convergence between facigiregsions and seteported
affective empathy in 8o 10-yearolds who were exposed to an emotion eliciting film clip.
However, a limitation of this study is that the authors used beharalbcoding techniques
to assess facial mimicry. Such measuresess $ensitive than facialectromyography
(EMQ, whichcanidentify motor responses that cannot be detected by the naked gga (

Boxtel, 2010).
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To date five studies haveimultaneously examad mimicry, cognitive empathyand
affective empathyTwo studies investigating the relationship between the three constructs
in response testaticemotional stimuli failed to find any association (Blairy, Herrera & Hess,
1999; Hess & Blairy, 2001). However, it has been argued thadtkeof significant findings
isdue to the fact that static pictures of posed emotions are weaker stimuli (Drimalla,
Landwehr, Hess & Dziobek, 2019; McLellan, Johnston, DalnAifplel & Porter, 2010yan
der Graff et al., 2016). In everyday social iatgions, emotions are often complex, subtle
and contextual Drimalla, Landwehr, Hess & Dziobek, 2019). Recent studies have begun to
address this limitationln response to dynamic pictures of facial expressions, Sato and
colleagues (2013) found thédcid EMG activity consistently predicted the valence ratings
for the emotions experienced and that the experienced valence ratings in turn predicted
recognized valence ratings. Furthean der Graff and colleagues (2016) assessed facial
mimicry and selfeported cognitive and affective empathy in response to emoiimmfucing
film clips. Adolescents who responded with higher levels of zygomaticus activity during the
presentation of happytsnuli reported higher levels of cognitive and affective empathy for
happiness; and adolescents who responded with higher levels of corrugator activity during
the presentation of sad stimuli reported higher levels of cognitive and affective empathy for
sadchess. Results also demonstrated that affective empathy fully mediated the relationship
between mimicry and cognitive empathic respondi8gnilarly in a sample of 70 adults,
Drimalla and colleagues (2019) found positive relations between mimicry andieegmd
affective empathy when using realistic stimuli, including complex and contextually
embedded emotionsThey additionallgemonstratd that mimicry was more strongly
related to affective empathy thaoognitive enpathy. The results of thesentee studies are

largely in line with thd?AM andacial feedback hypothesis, which suggest tmaticry
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underlies affective empathy, which in turn facilitates cognitive empathic responding.

However, no study to date has investigated the alternative model, dbaérvingthe

emotions of others facilitates emotion recognition, which results in perspective taking and
subsequently facilitatean emotional response(Marshall et al., 1995).

Facial mimicry

Focusing on facial imitation, studies have consistently demonstratecettaisure to happy

and angry faces elicits distinct facial EkGponses (Beall et al., 2008;9Bamps et al.,

2012, 2014; de Wied et al., 2006, 2009; Obermmkielman & Ramachamnan, 2009).

Children react with increased zygomaticus major activaiwamch pulls up the corners of

the mouth) when exposed to happy facésK SNB I & 20 aSNWAY3I 20KSNARAQ |
increase in the corrugator muschetivation (which knits the bres). More recently there is

some evidence emerging for specific facial muscle response patterns for other emdnions.

a sample of 61 and 33 typically developing (TD) children, agege@rs, Dschamps and

O2tt S 3dz84 O6HAMHZI H A wresponsetid sddayidcdarfulracialt RNB y Q a
expressions. &l faces were found to be related to a combination of corrugator, depressor

(pulls down corners of the lips) and frontalis activation (raising inner brows), and fearful

faces were found to be related todntalis activation.

Studies using facial recognition paradigms in adults show that facial expressions
judged to be fear involve a combinationmaiised and drawn in inner eyebrows, stretching
the lips(risorius)and widening the eyeEkman& Friesen, 1978; Kohler et al., 2004). In
facial EMG studies of children, frontalis activation was showsatizenps et al., 2012;

2014), but activation of the risorius, corrugator and eye widen has not yet been
demonstrated, because EMG studies @lhave not investigated risorius activity or eye

widening in response to fearful facial expressions. Consequently, there is a need for further
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research on facial mimicry in young children which focuses on additional sites of muscle
activation.

A new way of measuring mimicry

Recently, software solutions have been developedode the movement of facial muscles
automatically. For exampléylotions (2016) includes a facial expression analysis engine
called Affectiva AFFDEX. Affectiva enables the analfysieviously recordedaces. The
software identifies the main landmarks on the face, such as eyes and mouth, and assesses
movement, shape and texture of the face at a pixel level. The main outputs intloasic
emotions foy, anger, surprise, fear, ctempt, sadness, disgustjalence positive, negative
and neutralsentiments) andxpression channels (e gmile,brow furrow, brow raise).The
reliability of the software has been confirmed by Kulke, Feyerabend and Scha2f}. (20
They demonstrated thatappy and angry facial expressions could reliably be detected by
both Affectiva and EMG, but that Affectiva was more reliable than EMG in identifying
neutral expressionslo our knowledge Affectiva has not yet been used to assess facial
behavior in youngtdldren.

The present study

Prior to our main objective, we aimed to determine the feasibility of using Affeatva
method of studying facial mimicry responses in children aged between 4 and 7 years, in
response to dynamic emotional facial expressions of other children. Based on previous
studies using facial EMG or facial recognition paradigms, we hypothesizecrease in
zygomatic activity in response to happy facas (Wied et al., 2006, 2009; Oberman et al.,
2009. In response to fearful faces, we hypothesized an increase in frontalis, corrugator,

risorius and eye widen activity (Ekman and Friesen, 1978gKetal., 2004). In response to
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sad faces, we hypothesized an increase in corrugator, depressor and frontalis activity
(Deschamps et al., 2012; 201&kman and Friesen, 1978; Kohler et al., 2004).

Our primary objective was to examine facial mirpjcognitive empathy and affective
empathy using contextmbedded naturalistic stimuli. Based on theory and previous studies
of adults and adolescentaje expected to find mimicry, cognitive empathy and affective
empathy to be interrelated. Moreover, imke withvan der Graff and colleagues (2016), it
was predicted that affective empathy would mediate the relationship between mimicry and
cognitive empathic responding. However, given the contradiction between empathy
models, we also aimed to test the altetive model, that there is an indirect relationship
between mimicry and affective empathy via cognitive empathy.

Finally, although some studies have demonstrated that the relations between empathy
related components differ based on gender (e.g.agtassiotHadjicharalambous &
Warden, 2007; Eisenberg et al., 1988a), the lack of research on the relationship between
mimicry and cognitive and affective empathy in young children means that we do not know
whether gender differences are evident in thigeagroup. We therefore explored the role of
gender in moderating the association between mimicry and empathy.

4.3 Method

4.3.1 Ethical statement

The study was approved by the relevant university ethics committee and all parents or legal
guardians gave signed, voluntary consent for their children to participate.

4.3.2 Participants

Data were collected from 144 participants aged 4 to 7 y€@8snales and 46 females;

mean age, 75.06 months). They had been referred to the Neurodevelopmessgksent

Unit (NDAU; https://www.cardiff.ac.uk/research/explore/research
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units/neurodevelopmerdassessmentnit) at Cardiff University by teachers due to
emotional and/or behavioural problems. All children referred were eligible to take part in
the researchand the overall sample consisted of children with varying levels of emotional
and behavioural difficulties. All participants were individually assessed.

4.3.3 Materials

4.3.3.1 Facial mimicry

During the testing sessiarhildren were shown three empatkinducing film clips. These

clips have been used in a study by Noten and colleagues (2019), who demonstrated that 3
yearolds recognized and understood the emotions presented in each video. The happiness
clip showed a boy opening a Christmas present, gunsss clip showed a boy flushing his

dead goldfish down the toilet, and the fear clip showed a girl being scared in a car wash. The
length of the clips varied between 52s and S6acial expressions of participants were

recorded with a Dell laptop (Prems 7710) integrated webcam from stimulus onset until
stimulus offset. The sections of each clip in which the child protagonist displayed peak
expressions of happiness, sadness and fear were used as target scenes. Neutral sections
elsewhere in the clip werused as a baselin€arget scenes varied in length between 9s and
15s. Baseline scenes varied between 8s and 10s. The sad video was always shown first, the
happy video second and the fearful video Ia&tebcam footage of participants viewing the
target and baseline scenesere later imported into theMotions Biometric Research

Platform 6.0 software (www.imotions.com) and processed using the Affectiva AFFDEX facial

expression recognition engine.

4.3.3.2 Cognitive and affective empathy
After each clip citdren were asked a series of questions concerning the emotions of the

main character and their own emotions while viewing the clip. Children indicated how the
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YFEAY OKINI}OGSNI FStix K2g GKSe FStiaGX YR ARSY
Wi £ 20Qd ! addprdirony Sray@rds @993 ¥mpathy continuum was used to

scoreOKAf RNByQa | FFSOUADS yR O23ayAGADS NBALRY:
emotions concurrent with the emotions of the main character (there were twogons for

each clip that were considered correct). Answers were coded®paint scaleChildren

were given a score of 0 if they felt no emotion or answered using a different valence (e.g.,

felt happiness when the protagonist was sad); a score of 1givas if the participant's and

GKS LINRPOF3I2yAaliQa Sy2aAa2ya oSNB 2F aAAYAf N €
participant felt angry in response to the protagonist feeling sad); a score of 2 was given if

the participanQ & S Yn@asUiAKSyYy al YS | a b & diffeied intenJitg ahd & G Q &
score of 3was givenif KS LI NI AOALI yiQa FyR GKS LINBOIF 32y A
Cognitive empathy was based on two components: recognizing the emotions of the main

character (thee were two emotions for each clip that were considered correct) and the

quality of the reason given for their own emotiori&motion recognition was coded as 0

when the emotion was not recognized, and 1 when the emotion was recognized. The coding

of the gquality of the explanation for their emotion ranged from 0 to 3. Answers were coded

as 0 when theoarticipant did not answer or gave an irrelevant answer; answers were coded

as 1 if the participant referred only to his or her actual feeling state, with gangto the

episode itself or to the character's experience; answers were coded as 2 if the participant

provided an explanation referring to the situation but not to the character's inner feelings;

and answers were coded as 3 if the participant provideéxgsianation that included a

direct reference to the character's feelings or experier@egnitive empathy scores ranged

from 0-8 whereas affective empathy scores ranged froté for each clip. For both scales a

higher score was indicative of greater emipatA randomly selected subset of transcripts
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(15%) were independently coded by two trained coders; the interrater agreement was
92.andinterda O2 NBENJ NBf Al oAt AGASE o/ 2KSyQa {1 LILI O
.82 (cognitive) and .98 (affective).

4.3.4 Procedure

Facial mimicry data were collected while the child was seated in a dimly lit room in front of
a computer. Prior to the task children were informed about what would happen and were
asked to watch the videos carefully and minimize their movements. Betwegmn\gdeo the
experimenter ensured that the child was motivated and reminded them to watch the next
video carefullyThe experimenter encouraged the children to pay attention and noted if a
participant was inattentive.

4.3.5 Facial mimicry data processing

iMotions provides probabilityike values for all basic emotions and the muscle sites
associated with each emotion. Probability data were exported for all subjects. Mean facial
probability values for 7 muscle sites were calculated for baseline and tacgees of each

clip. The 7 muscle sites were zygomaticus, corrugator, frontalis, depressor, orbicularis,
risorius and eye widerlrials containing less than 50% data were removed prior to data
analysis, and anomalies in the data-(3/standard deviationaway from the mean) were
replaced with the highest/lowest value that remained within 2 standard deviations of the
mean of that variable.

4.3.6 Statistical analyses

Prior to conducting the main analysege tested for gender differences in measures of

fadal mimicry, cognitive empathy and affective empathy, using independent samples t
GSadtaod ¢2 FylLftelS OKAfRNByQa FFLOALFE | OGAGAGER

t-tests examineathanges in zygomaticus, corrugator, depressor, frontalisrius,
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orbicularis and eye widen activity from baseline levettimulus presentation for each clip.
Next, we examined the associations among mimicry, cognitive empathy and affective
SYLI GK& F2NJ SI OK Of A L) g A ( RinatlySve defidaciedda O2 NNBf |
mediation analyses using the PROCESS nfa&rsion 3.4; Haye<013) to test separately
for each clip whether affective empathy mediated the relationship between mimicry and
cognitive empathyt NI OKSNJ I Yy R | bodbtStéappingiprocedure Was wititized/ 0
to examine the statistical significance of the indirect effe
4.4 Results

4.4.1 Preliminary analyses

4.4.1.1 Sex differences in mean scores

There wereno significant sex differences mmean facial activity in response to the happy,
sad or fearful clips.-tests performed on the empathy scores also revealed no sex
differences in mean levels of affective or cognitive empathy for any of the Ggsder

differences were therefore not invégated in further analyses.
4.4.2 Main analyses

4.4.2.1 Facial responses to dynamic emotional facial expressions

First, we assessed whether children display a distinct pattern of facial activity in response to
different emotional stimuliPairedsampleg-testscompared mean facial activation during
stimulus presentation to mean facial activation during baseliferelevant summary

statistics are shown in Tabdel. Happy faces elicited the expected increase in zygomaticus
activity, t(101) =3.665,p < .001,d = 0.36, 95% CI [3.33, 11.19], but also an increase in
frontalis activity,t(102) =3.748,p < .001,d = 038, 95% CI [1.59, 5.1 dnd a decrease in

orbicularis activityt(101) = 4.705p < .001,d = 0.48, 95% CI [1.93, 4.75], compared to
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baseline. Sad facial expressions elicited a significant increase in frorfidl®), =4.223,p <
.001, d = 0.39, 95% CI [3.74, 10.38], corrugat(t10) =3.880,p < .001,d = 0.36, 95% CI
[0.10, 1.42], andlepressor activityt(110) =4.990,p < .0, d = 0.48, 95% CI [2.39, 5.53],
and a significant increase in zygomaticus activati(ti,0) =2.430,p=.017,d = 0.23, 95%
Cl1[0.89, 8.79Fearful facial expressions led to the predicted increase in risa(Rig) =-
4.467,p<.001d=0.45, 95%1 [2.62, 6.82]and eye widen activityt(97) =2.514,p = .014,
d=0.26, 95% CI [0.04, 0.36pmpared to baseline. Children also shoveedecrease in
depressor activityt(97) = 1.980p = .050,d = 0.20, 95% Ci(.01, 2.53]and an increase in
zygonaticus activityf(97) =-3.817,p < .001,d = 0.40, 95% CI [3.69, 11.7Bhken together,
these results indicate that young children exhibited differential facial behavior in response
to different emotions, and that the facial expressivity they engageslas congruent with

GKS G NBSG OKAftRNByQa FIOAlf SELINBaarAz2yaod

Table4.1 Facial activation following emotional expressions compared to aemative
baseline condition in a sample oftd 7-yearold children

Presented Baseline Emotive Baseline vs emotive
emotion

Mean SD Mean SD t p
Happy
Zygomaticus 9.02 15.50 16.28 23.12 -3.665 <.000
Frontalis 5.80 7.22 9.18 11.26 -3.748 <.000
Corrugator 1.15 2.13 1.02 2.15 490 .625
Depressor 2.37 4.23 1.62 3.28 1.472 144
Orbicularis 6.53 8.70 3.31 4.45 4.705 <.000
oculi
Risorius 2.13 5.03 3.15 6.10 -1.466 .146
Eye widen 0.08 0.28 0.10 0.35 -416 .678
Sad
Zygomaticus 8.12 12.77 12.96 19.04 -2.430 .017
Frontalis 6.00 7.65 13.06 19.55 -4.223 <.000
Corrugator 0.41 0.80 1.35 2.71 -3.800 <.000
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Depressor 0.39 1.05 4.35 8.49 -4.990 <.000
Orbicularis  5.57 6.73 6.09 7.61 - 710 479
oculi

Risorius 2.45 4.92 3.99 6.88 -1.888 .062
Eye widen 0.20 0.65 0.25 0.80 -.563 575
Fear

Zygomaticus 7.97 16.23 15.67 23.94 -3.817 <.000
Frontalis 12.12 15.64 9.88 11.90 1.694 .093
Corrugator 4.63 9.20 3.23 6.42 1.517 132
Depressor  3.13 6.28 1.87 3.17 1.980 .050
Orbicularis  6.45 10.48 8.18 11.70 -1.542 126
oculi

Risorius 0.97 1.89 5.69 10.84 -4.467 <.000
Eye widen 0.14 0.46 0.35 0.82 -2.514 .014

Note:SD, standard deviation

4.4.4.2 The relationship between cognitive and affective empathy

There were significant positive correlations between affective and cognitive empathy for all

three clips (happiness:=.404n = 131p =< .001; sadness= .636,n = 136p = < .001;

fear.r=.667n =128p < .001; see Tabke2 for participant mea scores on measures of

cognitive and affective empathy).

Table4.2 Mean scores and standard deviations on seffort measures of cognitive and

affective empathy

Mean SD
Cognitive empathy happiness 4.42 2.36
Affective empathy happiness 4.37 1.82
Cognitive empathy sadness 2.82 1.95
Affective empathy sadness 1.68 1.65
Cognitive empathy fear 2.46 1.77
Affective empathy fear 1.40 1.91

Note:SD, standard deviation
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4.4.4.3 The relationship between mimicry and cognitive and affectrepathy

| KAt RNByQa I gSNIF IS FFOAFIf YAYAONR a02NB ol 33
L2aAGAGStEe O2NNBfIFIGSR gAGK OKAfRNBy@a O23ayAl
.267,n = 79 p = .017; affectiver = .230,n = 79p = .041). However, further analyses

indicated that the relationships between mimicry and cognitive and affective empathy was

only significant for sadness. More specifically, higher corrugator activity was associated with
greater levels of experienced anelcognized sadness [affective empathy:.215n = 111p

=.023; cognitive empathy=.343n = 111p = < .001]. Mimicry responses to the happy

GARS2 gSNB y20 arA3ayATFTAOlIyGte O2NNBfIGUGSR 6A0K
scores for happines(allp values > .05). Mimicry responses to the fear video were also not
associatedd A U K OKAf RNBY Qad O23yAlGA PRludsy¥ R5;4e@ FTSOUA DS
Appendix A for the relationships between mimicry, cognitive empathy and affective

empathyfor happiness, sadness and fear).

4.4.4.3.1Sadness

To further understand the order of the relationship between mimicry, cognitive empathy

and affective empathy, two mediation models were tested. In the first modebliation

analysis was conducted usifagial mimicry (corrugator activity) as the predictor and

cognitive empathy scores as the outcome and included in the model a) a direct pathway

between predictor and outcome and b) an indirect pathway via the "intermediate" variable

of affective empathyThe indirect effect of mimicry on cognitive empathy via affective

empathy was estimated using bootstrapping procedures and tested for significance by

examining the 95% confidence intervals. The upper and lower limits of the confidence

interval did not inalide zero, indicating that for sadness, affective empathy significantly
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Figure4.1 The indirect effect of facial mimicry (corrugator activity) on cognitive empathy
through affective empathy.

In the second modethe mediation analysis &l facial mimicry (corrugator activity) as the

predictor, affective empathy as the outconand cognitive empathy as tHentermediate”

variable. The upper and lower limits of the confidence interval did not include zero,

indicating that this model was als@gificant and for sadness, cognitive empatalgo
AAIYATFAOLyGfe YSRAIFGSR GKS NBflIUGAZ2YAaKALl 60Sis

95% bootstrap Jl1061-.224).
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Cognitive
empathy
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Carugator i = .14* Affective
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Figure4.2 The indirect effect of facial mimicry (corrugator activity) affective empathy
through cognitive empathy.

Although both mediation models were significant, the latter moges more compelling;

the indirect effect was slightly stronger when cognitive entyaserved as the mediator and
affective empathy as the outcome. This finding was also implied by our correlational
analysis, which found a stronger correlation between mimicry and cognitive empathy than

between mimicry and affective empathy.

4.5Discussio
Prior to our principle objective, we aimed determine the feasibility of using Affectiva as a
method to study facial mimicry responses in young children. We expected happy, sad and
fearful faces to elicit different patterns of facial activifthe prinary objective aimed to
examine the interrelations between mimicry and cognitive and affective empathy in young
children. We expected facial mimicry to be positively associated with both cognitive and
affective empathy. Affective empathy was expected to méglthe relationship between
mimicry and cognitive empathic responding. In addition, the role of gender in the

association between mimicry and empathy was explored. To the authors knowledge, this is
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the first study to examine the associations between naiyiand cognitive and affective
empathy simultaneously in young children.

Facial mimicry

We demonstrated that happy, sad and fearful faces elicit different facial patterns. Children
aged 47 years displayed increased zygomaticus and frordalisity and decreased

orbicularis oculi activity in the happy condition. The present study is the first to
demonstrate frontalis activation and orbicularis oculi relaxation in response to happy faces.
Consistent with facial emotion recognition literatua increase in frontalis activity is
associated with surprise, while a decrease in orbicularis oculi activity is associated with a
reduction in anger and/or confusioEkman & Friesen, 197Bphler et al., 2004).

In line with our predictions, the preseation of sad facial expressions led to an
increase in corrugator, frontalis and depressor activity. These results are consistent with
previous facial EMG studies in older childrBregchamps et al., 2012; 2014).

The presentation of fearful faces resultedrisorius and eye widen activation, in line
with the facial activation literaturéEkman & Friesen, 197Bphler et al., 2004 }-earful
faces also led to a decrease in depressor activity. These results indicate that in response to
fearful faces childredemonstrate a reduction in facial activity associated with sadness and
an increase in facial activation congruent with fear. We did not find increased frontalis or
corrugator activity in response to fearful faces. These results contridistsome other
studies; for example, Deschamps et al., (2012; 2014) showed that the presentation of fearful
facial expressions was associated with brow raising activity. However, Beall and colleagues
(2008) found no EMG responses in the frontalis or corrugator musclewiiogdhe
presentation of fearful faces in a sample of 15 TD children agetlygars Surprisingly,

both the fearful and sad clips alsmreased activation of the zygomaticus major. It is
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possible that this increase in zygomaticus muscle site activitypeesusesome children
found the content of the clips rather funny or smiled because they found the content

awkward.Taken together, these findings demonstrate that young children exhibit facial

expressivity that is mostly congruent with the target chigir@ @  F1 OA+ f SELINB & & A ?

Affectiva can be used to reliably examine facial responsiveness children dggeb4s.

The relationship between cognitive and affective empathy

The results further showed that cognitive empathy was positively associated with affective
empathy. Specifically, children who reported higher levels of experienced happiness in the
happy condition were better able to recognize and understand that theetangs happy;
children who reported higher levels of experienced sadness following the sad video were
better able to recognize and understand that the target was sad; and children who reported
higher levels of experienced fear in the fear condition wertdyeable to recognize and
understand that the target was scared. Thus, consistent with previous literature, the
presentstudRS Y2y aiu N 6Sa O2y@SNHSYyOS o6SiGsSSy GKS
state and vicarious affective responsiveness (Batsotz,RulSchoenrade, 198Decety &
Moriguchi, 2007Eisenberg & Strayer, 1987; Feshbach, 1987; Hoffman, 2000).

The relationship between mimicry and cognitive and affective empathy

In line with previous studies, our results provide evidence of a positiveaethip between

facial mimicry and selfeported affective empathy. More specifically, children who

demonstrated stronger corrugator activity in response to sadness reported stronger

d:
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associated with their selieported cognitive empathyindicating that facial mimicry and

cognitive and affective empathy are positively associated constructs in young children.
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Chapter 4 The relationship between facial mimicry and empathy

This study also aimed to understand the order of tektions between mimicrjor sadness
(corrugator activity)and cognitive and affective empatligr sadnessby firstly examining
the indirect relationship between facial mimicapd cognitive empathyia affective

empathy and secondly by examining theinedt relationship between facial mimicand
affective empathyia cognitive empathyAlthough both mediation models were significant,
the model in which affective empattwas the outcome rather the mediator was slightly
more compelling, given that the leionship between facial mimicry and affective empathy
was no longer significant when controlling for cognitive empathy. These findings indicate
that facial mimicry helps people to successfully identify and understand the emotions of
others, which in turrenables vicarious responding. While these findings contradict our
hypothesis and are inconsistent wislomestudies investigating theerelationshisin
adolescents and adul{§&ato et al., 2013;an der Graff et al., 2016), they are in support of
the staged multicomponent model admpathy (Marshall et al., 1995)hichargues that
observing the emotions of others facilitates emotion recognition, rasglin perspective
taking and subsequently faciliiag a vicarious emotional responséhe staged
multicomponent model of empathy wateveloped in r&ationto literature examining
empathy deficits in offenderand studies providing support for the model were also found
in offendingsampleqFernandez & MarshiaR003 Fernandez, Marshall, Lightbody, &
O'Sullivan1999. Individuals with histories of offending often meet clinical diagnostic
criteria for antisocial personality disorder, conduct disorder (CDJjanmppositional defiant
disorder (ODD)Consequently, it is possible that individuals with psychopathological
symptomsexhibita differentrelationship between mimicry and empathy than those
without psychopathology. This turn may explain the different relations between facial

mimicry and empathy in our sample of children with early emerging symptoms of
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neurodevelpmental disorders and previous studies conducted in samples of typically
developing individualdHowever, due to the lack of a typically developing control group we
can only speculate that this is the caf@ture research should aim to compare the
relationship between facial mimicry and empathy in young children with symptoms of NDDs
with typically developing controls.

Although we found significar@ssociationdetween mimicry and cognitive and
affective empathy for sadness, we did not finddence of a relationship between facial
mimicry and reported experienced and recognised fear. This finding is surprising given that
sadness and fear have the same underlying functionality. Theorists argue that both sad and
fearful facial expressions aréstress cues and that mimicking these emotions is essential to
AA3AY LTt dzy RSNE G|y RBIgir31995,2002; BIirSeND 5097aDEREy S NA v 3
Chaminade, 2003; Hess & Fischer, 2014; Marsimbady, 2007)A possible explanatiois
thatthefeard A LJ dzA SR 61 @&2dzy3d 3IANI ONRBAY3I YR &aONB
carwash) resulted istrongemotional involvementvhichled to a reactive response, a
problem identified in previous mimicry researdbrimalla, Landwehr, Hess & Dziobek, 2019;
Hes & Fischer, 2014). Consequently, the mimicry response may be confounded by the
reactive response to the clip, resulting in a dissociation between empathic responding and
facial muscle responses. Moreovewen though participants were encouraged to watch
each video carefully it is possible that children who responded reactively did not attend to
the presented stimuliStimulus &oidance will result imleducedattention to the social cues
that aid mimicry, congruent emotional responsasd correct identification of emotions.
Indeed,perception and correct interpretation of distress cues are essential to facilitate an
empathic response (Blair, 1995; Hoffman, 1987; M&gkmbady, 2007)in contrast the

clip portraying sadness was less loaiad startling, thereforeless likely to elicit an
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overwhelming emotional response, resulting in a more authentic representation of the
relationship between mimicry and empathy.

In the present study, we did not find a positive relationship between facial mimicry
and cognitive and affective empathy for happiness. Several factors may underlie these
findings. Firstly, in contrast to fear and sadness, smiling signals a range of emotibns. No
only does it act as an expression of happiness, but it also often serves as an expression of
pride, love, pity, arrogance, contempt, shame, embarrassment, and uncertainty (Niedenthal,
Mermillod, Maringer & Hess, 2010). Due to the multiple functionalitthe zygomaticus, its
activation could be less sensitive in facilitating emotional responding than other muscle
sites. Secondly, positive facial expressions are visually simpler to recognise than negative
facial expressiond_éppanen & Hietanen, 2004jappiness is associated with a single facial
feature (smiling), whereas negative facial features are associated with various muscle sites
that often overlap (e.g., corrugator activity is associated with both sadness and anger;
Adolphs, 2002). Therefore, whithe ability to successfully distinguish between different
negative emotions involves being able to differentiate between very subtle facial
differencesa single salient feature can be used to recognise happir@sssequently, the
recognition and expeence of vicarious happiness may be less dependent on mimicry than
other emotions.This notion appears to be supported by the means shown in #abJe
where thecognitive and affective empathgcores for happiness are noticeably higher than
those for sadnss and fear.

The results of previous studies have consistently demonstrated that boys are less
empathetic and less facially expressive than girls, even in infancy (Berenbaum & Rotter,
1992; Buck, Savin, Miller & Caul, 19C2rd, Stucky, Sawala#di Little, 2008Carlo, Raffaelli,

Laible, & Meyer, 199 hristo¥Moore et al., 2014Dimberg & Lundquist, 199&isenberg
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et al., 1988bFindley & Ojanen, 2013; Karniol, Gabay, Ochion, & Harari, 1998; Mayberry &
Espelage, 2007; Strayer & Roberts, 2§)0Bowever, more recent research has failed to
establish gender differences in cognitive and affective empathy among preschool children
(Noten et al., 2019). Moreover, in a sample of adolescesats,der Graff and colleagues
(2017) were unable to find differences between males and females in facial mimicry
responses to happy and sad empaihgucing film clips. Our findings are consistent with

the latter studies and fail to confirm the idea of gemdkfferences in empathyelated
responding.

Limitations and conclusions

As with any study, there are some limitations to be acknowledgedtly,given the nature

of our design, we are unable to draw firm conclusions about the direction of the observed
relationships. Although the results are consistent with the idea that observation of the sad
stimuli evoked facial mimicry, which in turn facilitated cognitive and affective empathy, we
cannot rule out the possibility that the stimuli evoked an emotivepense in the observer
which led to a congruent emotional expressi@econdlyresearch has shown that mimicry

is influenced byeveralcontextual factors. More specifically, mimicry is more likely to occur
when individuals are personally involved intaiion and when there is a form of affiliation
or bond between them and the target (Swan, 1984; Thibault, Bourgeois & Hess, 2006).
Given that our findings were obtained within a laboratory setting, in which children were
passive observers with no affiliah with the observed, the results cannot necessarily be
generalised to situations in which children are active participants who have a bond with the
target. Thirdly,practical limitations prevented the collection of complete empathy and facial
mimicry daf with the full samplén = 144)and consequently, a consistent group of the

same participants could not be used at all stages of analygesever, thiss a common
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and unavoidable limitation when collecting vast amounts of data fhamd-to-test families
andindividualswith symptoms of NDD&.g., Airdrie, Langley, Thapar, & van Goozen, 2017).
Finally due to not having a typically developing control group, we cannot determine if the
relationship between facial mimicry and empathy differs across grougbsamd without
symptoms of NDDs. Consequently, results cannot be generalised to all in the same age
range.

Even with these limitations, the current study adds to our understanding of the
relationship between mimicry and cognitive and affective empatioyodr knowledge, this
is the first study to examine the three constructs simultaneously in sehgelchildren, a
period when empathicinderstanding andesponding igleveloping andess likely to be
influenced by social constructs, such as display rules and social desirability. We
demonstrated that facial mimicry has an important role in both the understanding and
experiencing of sadness. The investigation of facial mimicry andtésnpathe current
sample of children witlemerging neurodevelopmental problenasso enabled us to further
understand the relationship in a population that has consistently demonstrated impaired
empathic respondinge.g.,Auyeung & Alden, 2016; Ekinci &gk, 2016; Gambin & Sharp,
2018;Maoz, Gvirtz, Sheffer & Bloch, 2017; Pasalich, Dadds, & Hawes, 2014; Schwenck et al.,
2012;Thoma et al., 2011; THilhanany & Shamaksoory, 2011lvan Goozen et al., 2016;
van Zonneveld et al., 201 Hor example,aduceald empathic responsiveness to other
LIS2 L) SQa al RySadaa Kla oSSy ftAYy{1SR (G2 RA&NzLIGA
Goudena & Matthys, 20058iven the significant relationship between mimicry and
empathy for sadness within this population of chddrimpairmentsin facial reactivity may
be partly responsiblgor the emotional and behavioural problems they have been referred

for. While future research is needed to confirm and extend current findingssttiy does
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providemore food for thought aboul KS NRt S 2F YAYAONER Ay OKAf RI

affective empathic responding.

131



Chapter 5 The role of facial mimicry in children with peer problems

5. The role of facial mimicry in childrewith problematicpeer

relations
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5.1 Abstract
BackgroundPeer problems have frequently been associated with difficulties in recognizing,
understanding and interpreting the emotions of others. It has been argued that facial
mimicry is an important precursor of emotion processing skills. Although facial mimicry
impairments have beenbservedn studies of older children with social difficultiésis not
yet known whether impairments are present at a much earlier age when children begin to
develop peer relationships and shousdrderedbehaviaur.
Method. A groupof 454- to 7-yearold children with highvery highlevels of teacher
reported peer problems and group o#6 children without peer problemwatched three
film clips showing a sad, happy and scared child, respectively, while facial mimicry was
assessed lisg iMotions software.
Results All childrendisplayedfacial expressivity that was congruent with the emotional
expressions in the clips. The group with peer problems did not differ from the group without
peer problems in facial muscle responses to hafgres buexhibited subnormal facial
mimicry responses tthe two negative emotional clipgmpaired facial mimicry responses
to happiness, sadness and fear were all associated with severity of peer problems;
impairments in facial respolesto happiness and sadness predicted peer problems
independently of one another.
ConclusionsAtypical fadi f NB & LJ2 y & h@3ikivé @8nchégativefacikl $xgi@sSions is
associated with problematic peer relations4+v-yearold children.The implications for
early identification and interventions for these children a@iscussedWe also highlight

directions for future research.
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5.2 Introduction

Peer problems in childhood are associated with mental health impairments that can
continue throughout development@dd, 2006; Ladd & Trogpordon, 2003; Prinstein &
Aikins, 2004)For example, chronic peer rejection in early childhood is related to increased
incidence of both externaling and internabing behaviorghat remain stable through to
adolescence and adulthood (Campbell, 2006; Ladd & F@molon, 2003; Lynam, 1996;
Sturaro, van Lier, Cuijpers, & Ko@011). A mechanism that may be responsible for the link
between childhood peer problems and psychopathology is impaired emotion processing.
Indeed, difficulties in recogsing, understanding and interpreting the emotionsathers
have frequently been associated with peer rejection, greater peer visdimon, and
exclusion by peer@Miller et al., 2005; Schultz, Izard, Ackerman, & Youngstrom, 2001;
Snyder et al., 2003; Sterba, Prinstein, & Cox, 2007). The reasoningifotf@tannot
correctly identify the emotions of others, one is more likely to respond to others in an
inappropriate way\an Goozen, 2015). For example, an inability to recognize peer distress
can result in behavior that continues to upset or harm (Humngt al., 2019) These same
emotional processing skills can also predispose children to encounter future psychological
problems: schizophrenia, social anxiety, bipolar disorder, psychopathy and autism are all
associated with or mediated by emotion procegsabilities(Blair et al., 2004; Brotman et
al., 2008; Easter et al., 2005; Penn & Combs, 2000; Russell, Chu & Phillips, 2006; Silver,
Goodman, Knoll, & Isakov, 2004; van Beek & Dubas, 2008).

Numerous studies indicate that emotion developmeegins early in life (Saarni,
Mumme, & Campos, 1998; Thompson, 1994; Thompson, & Lagattuta, 2006). Emotion
processing skills evident at primasghool age are the best predictors of later social and

emotional competencies (Blair & Diamond, 2008; Halle .eRfll2; HerbeHMyers et al.,
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2006; Konold & Pianta, 200%jor example, the same emotional processing skills learned in
childhood are essential in adulthood for effective parenting, maintaining meaningful
relationships, working well with others and upHdoig a job Berscheid, & Reis, 1998; Reis,
Collins, & Berscheid, 2000)herefore, being able to better understand the emotion
processingmpairments that underligproblems inpeer relations will allow the development
of interventions that target the problems early and prevent any adverse outcome.
hodSNBAY3I y20KSNR&a SY20A2y Il &G BdeiSgalINE & dzY'l o
person display an emotional facial expresdigmically elicits a similar expression in the
observer. Thus, smiling is a common response to seeing someone else smile. Adequately
NEBaLR2yRAYy3 (G2 20KSNBQ SY2iA2ylf SELINBaarzya
empathy and emotional recipcity, and consequently plays an important role in the
development ofappropriate social behavior (EisenbeEggum & Di Giunt2010). Similarly,
AYLI ANNSYy(Ga Ay FFEOAFE NBALRYRAY3I SIENIeé Ay A
inparticulari KSANJ F 0Af AGe (G2 dzyRSNRUGIYR 20KSNARQ SY?2
relationships with others.

¢CKS LINPOSaa 2F AYAUlLdAy3a y20KSND&a FIF OALl f
and its existence has been established in studies of adtlits (BernieriReznick, &
Rosenthal1988; Cappella & Planalp, 1981; Dimberg, 1990) and children (Chisholm &
Strayer, 1995; de Wied et al., 2006, 2009; Haviland & Lelwica, 1987).
Facial mimicry in children
Studies utilizindacial electromyography {#G) paradigms to assess facial mimicaye
consistently demonstrated thathildren react with increased zygomaticus major activation
(which pulls up the corners of the mouth) when exposed to happy fi®esll et al., 2008;

Deschamps et al., 2012, 2014e Wied et al., 2006, 2009; Obermaiijnkielman &
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Ramachandran2009,6 KSNBI & 20aSNWAy3 20KSNEQ | y3aINE Tl

corrugator musclectivation (which frowns the brow$eschamps et al., 2012, 2014; de

Wiedet al., 2006, 2009; Obermawinkielman & Ramachandra@009. There is also some

evidence emerging for specific facial muscle response patterns for other ematoas.

sample of 61 and 33 typically developing (TD) children, agégears, Dschamps and

O2ft t SF3dz8&4 o6HnmMHT uwamnV SEIFIYAYSR OKAf RNBYyQ&
expressions. Results demonstrated thatisaces were related to a combination of

corrugator, depressor (pulls down corners of the lips) and frontalis activationngarsier

brows) and fearful faces with frontalis activation.

Recently, software solutions have been developedode the movement of facial
muscles automatically. For exampilglotions (2016) includes a facial expression analysis
engine calledhffectiva AFFDEX. Affectiva enables the analysis of previously redacgsd
The software identifies the main landmarks on the face, such as eyes and mouth, and
assesses movement, shape and texture of the face at a pixel level. The main outputs include
7 basic emotiongdy, anger, surprise, fear, contempt, sadness, disguatgnce fositive,
negative and neutradentiments) andexpression channels (e gmile,brow furrow, brow
raise).The reliability of the software in young children has been corddry HoweDavies
and colleagues (under review), who demonstrated that happy, sad and fearful facial
expressions could reliably be detected by the software. In the same study the researchers
focused on additional muscle sites that may be activated durislays of happiness,
sadness and fear. Results demonstrated that in addition to zygomaticus activation, happy
faces elicited increased frontalis and decreased orbicularis activity (tightening of the eye

lids). Moreover, consistent with facial recognitiparadigms fearful facial expressions led to
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increased risorius (stretching of the lips) and eye widen activditmans. Friesen, 1978;
Kohler et al., 2004).

Facial mimicry and atypical social skills

Studies investigating how mimicry relates to ppeosblems in childhood have primarily
focused on childremith Disruptive Behaviour Disorders (DBD) and Autism Spectrum
Disorder (ASDyue to their significant impairments in peer relations. De Wied and
colleagues (2006) compared facial EMG responses Tib2zhildren with those in 22 boys

with DBD(average age 10 years). When exposed to dynamic facial expressions, both groups
showed increased zygomaticus activity to happy faces and increased corrugator response to
angry facial expressions. However, boythwiBDshowed a significantly smaller increase in
corrugator response to anger, compared to TD children. A similar study by de Wied and
colleagues (2009) also demonstrated that children vid8Ddisplayed significantly smaller
increases in corrugator actty in response to both sad and angry facial expressions,
compared to a TD sample. These results suggest that mimicry responses to negatively
valenced facial expressions are less intense in boysB In contrast, children with ASD
appear to display impaired mimicry for both negative and positive facial expressi{Besll

et al., 2008; Oberman et al., 200%or exampleQberman and colleagues (2009) found that
8-12-yearolds with ASD displayed delayed facial mimicry responses across expressions of
happness, anger, disgust, fear and sadne&imilarlyBeall and colleagues (2008) showed

that 11 children with ASD, agedl8 years, did not display facial expressions that were
congruent withthe fearful and angryaces they observedral did not produce any EMG

activity for happy faceddowever, differences in results between DBD and ASD groups could
be attributed to the different stimulus materials used. In the field of ASD research, only

static pictures of faces have been utilizethtic pictures of posed emotions are weaker
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stimuli (Drimalla, Landwehr, Hess & Dziobek, 2019; McLellan, Johnston, DalAlfopdes:
Porter, 2010yander Graff et al., 2016), leading to suboptimal recognition rates and lower
intensity and realism ratings ogpared to dynamic stimuli (Weyers et al. 2006).

Further support for potential mimicry impairments in children witkep problems
comes from emotion recognition studies. Facial emotion recognition defieiie been
found in children, adolescents and aduivith both externaling and internabing
behavioural profiles, particularly those with disruptive behaviour disorders (Blair & Coles,
2000; Blair et al., 2001; Bowen, Morgan, Moore & van Goozen, 2014; Dadds et al., 2006;
Fairchild et al., 2009; Hunnikat al., 2019; Wells et al., under review) and anxiety
symptomatology (e.gFkrenkel & BaiHaim, 2011Garner, BaldwinBradley & Mogg2009;
GutierrezGarcia & Calvo, 201Jarros et al., 2032 au et al., 2012;ee, Herbert & Manassis,
2014).More specifically, researchers have consistently found impaired emotion recognition
for negative emotions but unimpaired emotion recognition for positive emotions in these
groups of children and adolescenEacial mimicry deficits may explain why childeith
peer problems demonstrate difficulties in recognizing the emotions of others. The
t SNOSLIWGA2Y ! OGA2y a2RSf ot!aT 5S0SGeé 3 az2NAS3
emotions activates neural circuits, which results in an emotional state congwiéh that
of the target person, and this facilitates emotion recogniteord perspective taking
(cognitive empathy)Empirical findings have supported this theory. For exantppecally
developingadultshave consistently shown reductions in emotiomognition abilities when
facial mimicry is blocked (Oberman, Winkielman & Ramachandran, 2007; Ponari et al., 2012;
Rychlowska et al., 2014).

Despite these findings, there are issues concerning facial mimicry responses in

children with social ippairments that need further exploration. For example, at what stage
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in development do atypical responses to facial expressions emergeh@rps and
colleagues (2014) investigated EMG activity in response to emotional face®ii-gear

old TD children, children with conduct problems and children with ADHD. They found that
all groups displayed significant facial mimicry in response tethetional expressions of
others, and there were no significant differences in mimicry response between the groups.
¢KS | dziK2NB O2y Of dzZRSR GKIG NBalLlRyaSa G2 20KS
aged 67 years, and that mimicry may not be impadruntil later in development. However,
this study used black and white dynamic pictures of posed facial expressions to assess
mimicry.As previously mentioned,gsed emotional stimuli are both less representative of
everyday facial expressions and weaketerms of eliciting mimicryMcLellan, Johnston,
DalrympleAlford, & Porter, 2010WVehrle, Kaiser, Schmidt & Scher2000Q. In the current
research we therefore aimed to extend the literature by investigating facial mimicry in
young children withmpaired peer relationwia empathyeliciting film clips portraying

natural expressions in naturalistic setting$ie objective was to compare facial mimicry
responses in a sample of# 7-yearold children with and without teachezonfirmed

problems in interations with peers. Facial activation was assessethei@dffectiva AFFDEX
facial expression recognition engirgjring exposure to emotioimducing film clipsln line

with mimicry and emotion recognition studies of children with extersiagj and

internalising problem behaviourst was predicted that children with peer problems would
have impaired facial mimicry responses in relation to negative emotions, but unimpaired
mimicry response to positive emotions relative to children without peer probléfesalso
expected impairments in facial mimicry for negative emotions to be associated with severity
of peer problemsTrue facial mimicry involves a lack of activation at incongruent muscle

sites, in addition to activation of the muscles matching the obseeradtion. Therefore, as
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in all previous facial mimicry studies, we examined expressiappropriate muscle

activation as well as activation of expressegpropriate muscles.
5.3 Method

5.3.1 Ethical statement
The university ethics committee granted permission for the study and all parents or legal
guardians gave signed, voluntary consent for their children to participate.
5.3.2 Participants
Participants (n = 91) were aged between 4 and 7 years and had besrecefo the
Neurodevelopment Assessment Unit (NDAU;
https://www.cardiff.ac.uk/research/explore/researetinits/neurodevelopmert
assessmentinit) at Cardiff University by their teachers because of emotional and/or
behavioral difficulties observed at schoAll children referred were eligible to take part in
the research and tsampleselected for this studgonsisted of children with varying levels
of emotional and behavioural difficultie6. K S OKAf RNB Sy Qa (S OKSNA O2Y
and Difficulties Qestionnaire (SDQ; Goodman, 1997). This measure is described in greater
detail below.

The high peer problems growpas selected based dhe established norm scores
of the SDQ scoring guidelines (retrieved from http://
www.sdginfo.org/py/sdginfo/b3.py?language=Englishqz({48)children (32 boys) who
had a score of 5 or more on the peer problems subscale of thev&id€)classified as being
high/very high risk of peer problem46 children (35 boys) made up the low pgeoblems
group; these children had score of 4 or lessn the peer problems subscabéhich is
indicative of having a close to average or only slightly raised risk of peer problems

(Goodman, 1997A breakdown of SDQ items in the peer problems subscaleshuat
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participants in the high peer problems group were more likely to play alone and less likely to

have at least one good friertdan children in the low peer problems gro@gigure 5.1).

Gets on better with adults than childrer_
Bullied by others .
Not generally liked by other kids—
Doesn't have many friends_

Solitary., plays alone o

0 10 20 30 40 50 60 70 80 90 100
Percentage of high and low peer groups scoring 1 or 2

SDQ peer problems subscale items

Low peer problems m High peer problems

Figureb.1. Percentage of participants in high and low peerups scoring one or two on
each item of the peer problem SDQ subscale

5.3.3 Materials

5.3.3.1 Strengths and Difficulties Questionnaire (SDQ)

The teacher version of the Strengths and Difficulties Questionnaire (SDQ) is a behavioral
screening questionnaire for children and young people agé@ gears. Teachers are asked

to rate 25 items on a-point Likert scale based on how true they are of & A f RQa 0 SKI @
over the last 6 months (0 = not true; 1 = somewhat true; 2 certainly true). The 25 items

comprise 5 subscales; four assess negative behaviors (emotional symptoms, conduct

problems, hyperactivity/inattention and peer relationship probleragll one assesses

positive behavior (prosocial behavior). In addition to subscale scores, the SDQ also provides

a Total Difficulties score, made up of all negative behavior scale scores. This score is

indicative of the amount of psychosocial difficultiémt a child presents with. The SDQ has
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been found to discriminate well between children with and without psychological problems
(Goodman, 1999; Klasen et al., 2000; Mullick & Goodman, 2001) and is a proven screening
tool for child psychiatric disorders @ommunity samples (Goodman, 2001; Goodman,
Renfrew & Mullick, 2000).

5.3.3.2 Intellectual ability

To assess cognitive ability the Lucid Ability assessment was adminigsengteton, 2001).

This estimates FSIQ, verbal 1Q and performance Q. For chelgeeh46 years verbal IQ is
assessed by the means of a picture vocabulary task, and performance IQ by the means of a
mental rotation task. For older children, aged 8 years, verbal 1Q is assessed via a
conceptual similarities task, and performance I@tigh amatrix problemsolving task. An
overall measure of FSIQ is calculated based on the sum of verbal and performance 1Q
scores. The validity of Lucid Ability is comparable to a range of conventional IQ measures,
including theWechsler Intelligence Seator Children (WIS{), the British Ability Scales
(Second Edition) and the British Picture Vocabulary Scale (Second Edition; Lucid Ability

I RYAYAAUNY 02NDR& al ydzZ £ wnampT {Ay3fShizy=
5.3.3.3 Measurement ofacial mimicry

Children were shown three empathgducing film clips. The clips have been used in a study
conducted by Noten and colleagues (2019), who demonstrated that teeeold children
recognized and understood the emotions presented in each video. One cligseyied
happiness (a boy opening a Christmas present), another clip represented sadness (a boy
flushing his dead goldfish down the toilet), and another clip represented fear (a girl who is
scared of being in a car wash). The film clips varied in lengthdaest 52 and 56 s. Facial
expressions of participants were recorded with a Dell laptop (Precision 7710) integrated

webcam from stimulus onset until stimulus offset. The most emotional sections of the clip in
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which the child protagonist was expressing maximiacial expressions of happiness,

sadness and fear were used as target scenes. Neutral sections at the opening or closing of
the clip were used as a baseline. Webcam footage of the participants viewing the target and
baseline sections of the clip were éatimported into iMotions Biometric Research Platform

6.0 software (www.imotions.com) and processed using the Affectiva AFFDEX facial
expression recognition engine. Target scenes varied in length between 9 and 15s. Baseline
sections varied between 8 and4.0

5.3.4 Procedure

Facial mimicry data were collected while the child was seated in front of a computer. Prior
to the task children were informed about what to do and instructed to watch the videos
carefully. After each video children rated how the praist felt, how intense these

emotions were and why these emotions were expressed. Children were also asked how they
felt themselves, how intensely they felt those emotions and why they felt those emotions.

In between the presentation of each video thepeximenter ensured the child was

motivated and reminded them to watch the next video carefully. During the, thgk
experimenter encouraged the children to pay attention and noted whether a participant

was inattentive. Total duration of the facial mimi¢ask was approximately 20 minutes.

5.3.5 Facial mimicry data processing

iMotions provides probabilitike values for all basic emotions and the muscle sites
associated with each emotion. Probability data were exported for all subjects. Mean facial
probability values for 7 muscle sites were then calculated for baseline and targetiperf

each clip. The 7 muscle sites were zygomaticus, corrugator, frontalis, depressor, risorius,
orbicularis oculi and eye widen. Trials containing less than 50% data were removed prior to

data analysis, and anomalies in the data B+standard deviatins away from the mean)
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were replaced with the highest/lowest value that remained within 2 standard deviations of
the mean of that variable.

5.3.6 Statistical analysis

To address oufirst hypothesis, mixed model analyses of variance (ANOVAS) were
conduced to examine whether changes in facial activation from baseline differed in
children with high peer problems compared to children with low peer problems. Dependent
variables were the seven facial mimicry muscle sites in response to each emotion (e.qg.,
zygomaticus for happiness, zygomaticus for sadness, zygomaticus for fear, corrugator for
happiness, corrugator for sadness, corrugator for fear). Mimicry was entered as a within
subjectgtactor with two group levels (facial activation during baseline anthfactivation
during stimulus presentation). Group was entered as a between suljexiable with two
levels (high peer problems and low peer problems). Independent sardsss were also
usedto examine differences in facial mimicry between the grewluring stimulus
presentation¢ 2 | RRNBX A& 2dzNJ aSO2y R KelLlRiKSaArAaz t St N
relationships between key facial mimicry variables and severity of peer problems and a
multiple regression analysis was used to determine whether impairedlfenimicry

responses predict problems with peer relatiohsall tests a significance level of .05 was
employed.

5.4 Results

5.4.1 Preliminary analyses
Descriptive characteristics of the high peer and low peer problems samples are included in
Table5.1. The groups did not differ in age, gender or estimateddtadile 1Q (FSIQ). Analyses

of the SDQ subscales and total score revealed differences betweapgjiotheir peer,
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prosocial and total SDQ scores. However, the high peer problems group did not differ from

those with low peer problems on emotional, hyperactive or conduct problems.

Table5.1 Characteristics of children with and without peer problems

Low peemroblems High peer problems Low vs high

(n =45) (n = 46)

Mean SD Mean SD Statistic p
Age (months) 76.36 10.77 72.17 13.83 (89) = 1.605 112
Gender (% 71.1% 77.8% L%(1) = 0.526 468
males)
FSIQ 96.62 17.60 101.02 12.14 t(85) =-1.366 176
SDQ
Emotional 4.40 2.38 3.98 2.39 t(89)=.844 401
Hyperactive  8.69 1.56 8.24 1.73 t(89)=1.301 197
Conduct 4.84 2.31 4.39 2.26  t(89) =.948 .346
Peer 2.69 1.18 5.91 1.01  t(89)=-14.005 <.001*
Prosocial 3.80 2.39 2.57 2.34 1(89) =2.488 .015*
Total 20.62 3.18 22.52 438 t(89) =-2.373 .020*

Notes:FSIQ, Full Scale Intelligence Quotient; SDQ, Strengths and Difficulties Questionnaire

Given that children with peer problems also differed in their prosocial scores, the relation
between the two subscales was further investigated. Scores on the peelepnetsubscale
were significantly inversely associated with prosocial scfres.325; Table 5.2However,
while scores on the peer problems subscale wagnificantly correlated with key mimicry
variables, the same was not true for the low prosociakes(see Table 5.2)n addition,
combined peer problems and reversed prosocial scatesdid not correlate with key

mimicry variablegall p values > .05).
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Table5.2 Relationships between facial mimicry, peer problems and prosocial proldeross happy, sad and fear clips

1 2 3 4 3 ] 7 8 ] 10 11 12 13 14 15 16 17 18 15 20 21 22 23
1. ZM happy -
2. 00 happy .069
3. R happy A401%* 005
4, CS happy -105  -101 -4l
5. EW happy 189 -.204 043 -143 -
6. F happy 010 .109 150 -.005 .026
7. DAQ happy 086 -030 .110 .024 .093 .198
8. ZM sad 175 2083 232 -195 125 2083 .243
9. 00 sad 091 378%* -053 -190 -154 076  .297* .369%* -
10. R sad 071 -197  -037 -.093 .079 -023  .02% .145 -.026
11. CS sad -17% -092 -065 .283* -166 -124 -069 -165 -068 -104 -
12. EW sad 123 -024  .317* -137 .488** 267* .224 .314* 024 070 -129 -
13.Fsad -126 -094 -055 -011 .122 .350%** 013 020 .03% -158 -117 .253% -
14. DAO sad 310 .109 152 -133 086 033 210 072 .246% -046 -.090 .317%* .053 -
15. ZM fear 251 204 104 -192 .162 As56 0 -117 .212 -072 -003 .124 .366%* .145 163 -
16. 00 fear 164 378%*F -123 .148 -158 .069 -015 .205 252 025  -161 -166 .001 -107 .078 -
17. R fear 175 -005 .040 -126 .151 -018 -.063 .238 .056 -135 -.022 .368%* .055 083 .B22%* 078 -
18. CS fear 063 -120 054 .18 -168 -004 052 -138 .287* -256% .171 -134 .003 122 -082 032 -.089 -
19. EW fear 055 -121  -080 -212 .425%* -024 -08B1 .050 -047 120 -.069 .168  .233 -015 -073 -203 -003 -213 -
20. F fear 037 -170 -017 -110 .208  .305% -023 -002 -016 .114 -1B2 .390%% .522%* 087 .129 219 089 -.075 .151
21. DAO fear 103 -214  -048 .06 .075 212 132 -030 -.021 .135 .001 .000 .215 -011 -011 -083 .135 -146 .307* .06l
22, 5DQ Peer 131 .261% 225 -.092 .015 033 115 .214 .248% 016 -.049 .066 -.228% 176 .067 184 024 -110 -.287F -141 -.168 -
23. 5DQ Prosocial .176 087 051 .200 -125 048 -035 -.084 030 -057 .128 -053 -017 .130 .010 238 -144 235 -0.145 .17  -.050 -.325%F -

Notesr =+ f dz§8a NBLINB&ASY(G tSINBR2yQa NK2d f ' O2NNBt I (A Dylevdl ZM, ayhdndticuE major; y (i
OO; orbicularis oculi; R, Risorius; CS, corrugator supercilii; EW, eye widen; F, frontalied3pdepguli oris.
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5.4.2 Main analyses

5.4.2.1 Facial mimicry in children with high vs low peer problems

We assessedhether there were differences in facial mimicry between groups with high
and low peer problems. Univariate analyses assessed changes from baseline.

Results demonstratesitatistically significant main effects of mimicry in response to
happiness. Specifithp, happy faces elicited the expected increase in zygomatkuis68) =
5.499,p=.022, ,?>= .06] and frontalis activity|(1, 68) = 4.85%) = .031, ,>=.07,and a
decrease in orbicularis activitif1, 68) = 17.413 < .001,' p’= .2Q compared to baseline.
There were no main effects of group nor were there mimicry by group interactions,
indicating that children with high and low peer problems did not differ in facial mimicry for
happiness.

In response to sadness the ANOVAs yielded significant main effects of mimicry. Sad
facial expressions elicited a significant increase in frontglls,73) = 13.776 < .001, p?=
.16, corrugator,H1, 73) = 13.59% < .001, ,?> = .16, depressok(1, 73) = 19.544 < .001,

' 2 =.21, and eye widen activiti{1, 72) = 5.086G = .019,' ;> = .08.There were no
significant main effects of group, but consistent with predictions there were significant
group by mimicry interactiongZygomaticus|H1, 73) = 9.803 = .003, ;= .19, and
orbicularis oculi activityf{1, 73) = 5.098 = .027, ,?> = .07, decreased during exposure to
sadness in the low peer problems group, whereas in children with high peer problems
activation for these muscle sites increased.

Independent samplestests also showed significantly greater levels of zygomsitarud
orbicularis activity in the high peer group compared to the low peer group during the
presentationof the emotive sectiorof the sad cligzygomaticus: low peer: mean = 9.23, SD

= 14.24; high peer: mean = 19.30, SD = 25(83,5) =2.200,p = .031,d = 0.49, 95% ClI

147



Chapter 5 The role of facial mimicry in children with peer problems

[0.84, 19.30]; lid tightenow peer: mean = 4.26, SD = 6.70; high peer: mean = 8.23, SD =
7.44.1(78) =-2.454,p= .016 d = 0.56, 95% CI [0.75, 7.19]].

In response to fearful faces we found significant main effectaioficry. Specifically,
fearful facial expressions led to the predicted increase in risofds 59) = 14.37(y < .001,
' v =.2Q and eye widen activity§(1, 59) = 4.83% = .032,' ,*> = .08,compared to baseline.
Children also showed an unpredicted decrease in frontalis actiity59) = 5.721p = .020,
' p?> = .09,and an unpredicted increase in zygomaticus activati¢h59) = 12.334 = .001,
' p?>=.17. There was a significant multivariate main effect of group for the activation of the
orbicularis muscle sitdy(1, 59) = 5.931p = .018, 2= .09, anctonsistent with predictions,
a significant group by mimicry interaction. Eye widen activity inseel during exposure to
fear in the low peer problems group, whereas in children with high peer problems activation
for this muscle site decreasef(1, 59) = 5.564 = .022,' ,*>=.09.

Also, independent samplégests revealedignificantly lower levels of eye widen
activity low peer: mean = 0.72, SD = 1.30; high peer: mean = 0.20, SD &%B&),=
2.110,p=.040,d = 0.50, 95% CI [0.01, 1.03]], lower levels of depressor adlimtypeer:
mean = 2.26, SD = 3.20; high peeean = 1.03, SD = 1.664.2) = 2.021p = .048d = .48,
95% CI-p.03, 2.49nd marginally greater levels of orbicularis activiop peer: mean =
6.15, SD = 9.61; high peer: mean = 12.01, SD = 1606%) =1.982,p = .053,d = 0.49, 95%
Cl1 P.09, 11.63]] in the high peer group compared to the low peer group, during the
presentation of theemotive section of the fearful cligGroup differences in mimicry
responses during stimulus presentation can be illustrated by standardized mean scores

(mean mimicry scores transformed intescores) as shown in FiguBe.
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5.4.2.2 The relationship between facial mimicry and peer problems

The relation between peer problems and facial mimicrystminess and feawas further
supported by correlational analysiiring the observation of sadnepser problems were
positively associatedith orbicularis activityr = .248,n = 80,p < .05,negatively associated
with frontalis activityr =-228,n = 80,p < .05,and marginally positively associated with
zygomaticus activity = 2.14,n = 80p = .057 Peer problems were also significantly
inversely related to eye widen activity during the observation of fear,287,n = 68p = <
.05.Finally, m contrast to the abovéetweengroupanaly®s, peer problems were
associated with more orbicularfacialactivity during the observation of happiness- .261,
n=73p<.05.

Multiple regression analysis was used to determine whether increased orbicularis
and zygomaticus facial activity durisgdnessdecreased frontalis activity during sadness,
reduced eye widen during feand increased orbicularis activity during happinpssdicted
peer problems. The multiple regression model significantly prediseaerity ofproblems
with peer relationsH5,51) = 472, p < .QL, adjusted? = 34. Reduced frontalisictivity
during the observation of sadness, and increased orbicularis activity during the observation

of happinessignificantly added to the predictiop,< .05(see Table 3).

Table 53 Summary of multiple regression analysis

B Sk ] Cl
Intercept 4.004 409
Frontalis sad -.027 .012 -.275*% -.052-.002
Orbicularis sad .016 .037 .063 -.057-.090
Zygomaticus sad .022 .013 .223 -.004.048
Eye widen fear -.342 217 -.199 - 779.095
Orbicularis happy .160 .073 .288* .013.308

Notes:B = unstandardized regression coeffici®gl &G YR NR SNNEBNJ 2F G(GKS
standardized coefficienCI| = confidence intervals= p < .05
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5.5 Discussion

Impairments in facial respondirigave been hypothesized 8B & G NA OG | OKAf RQa
NEO23IyATS YR dzyRSNAGFYR 20KSNBQ SY2G4A2yasz |
reciprocal relationships with other$Ve investigated these impairments in a sample of
children showing impaired peer relations. Speclficahe first aim of the current study was
to measure and compare facial mimicry responses in young children with and without
teacherrated peer problems. Consistent with previous research, our results demonstrate a
specific impairment in facial mimicrgrfnegative emotions in children with poor peer
relations.The second aim of the study was to explore the relationships between key facial
mimicry variables and peer problems. In contrasbtw betweengroup analyses our results
indicate that impairmentsn facial mimicry for both positive and negative emotions are
associated with severity of peer problems. Moreover, for the first time, we found that
impaired facial responsiveness, particularigreased orbicularis activity during the
observation ohapphness andeduced frontalis activity during the observationsadness,
predicted peer problems.

Before addressing the principal findings, it is important to note thatpresent
study provides evidence that young childr@a correctlymimic facialexpressions of
happiness, sadnesand fear.Children displayed increased zygomaticus and frontalis activity
and decreased orbicularis oculi activity during the happy condifibe. presentation of sad
facial expressions led to an increase in corrugatontalis, depressqrand eye widen
activity. The presentation of fearful faces resulted in an increase in risorius and eye widen
activity and a decrease in frontalis activati@urprisingly, the fearful clip also increased
activation of the zygomaticus rja. It is possible that the unexpected findings in the

zygomaticus muscle site in the present study are dug¢oyoung age of our participants,
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given that fearful facial expressions are usually the most difficult to recognize (Ekman &
Friesen, 1976).

Fa the first time, the current study assessed facial mimicry impairments in children
aged 47-years using facial expression analysis software, iMotions (2016). In response to sad
faces, we found thaivhile zygomaticus relaxation was observed in childremeuit peer
relationimpairments, those with impairegdeer problemsiemonstrated an increase in
zygomaticus activity. Moreover, zygomaticus amldicularis oculi activatiowere
significantly higher in children witheer problemsompared to those without. Aus,
children with hadequatepeer relationsexhibited a blended and incongruent expression to
the sadness displayed in the film clip. The absence of a congruent response to sad facial
expressions suggests that children withpairments in their relationships with peeesther
respond atypically to sadness or do not understand the sadness display.

Children withpeer problemsalso displayed a different pattern of facial activation
compared to the children withoypeer problemsin response to the presentation of fearful
facial expressions. The fearful clip significantly enhanced eye widen activity in the low peer
problems group, but not in the high peer group. Moreover, eye widen muscle responses
were significantly stnger amongst children withoygeerimpairments. During the fear clip
children without peer problems also exhibitsaynificantly more depressor activity and
significantly less activation of the orbicularis oculi compared to children with peer problems.
These findings suggest that while childrenth healthypeer relationsespond to fear with a
pattern of facial activation that is associated with both fear and sadness, childrempaéth
relationimpairments respond with facial activation associated withfasion and/or anger.

In general, the absence of a congruent response to fear amongst childrepegth

problemssuggests they may not be sharing the emotion of the person in the clip. However,
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children in both groups demonstrated incongruency in relatio fear; both groups
exhibited an increase in zygomaticus activity from baseline, meaning that children of this
age may noyet fullyunderstand fear in others, regardlesstbéir socialability.

Correlational analysis further supported the relationsbetween impaired facial
mimicry fornegative emotionsnd peer problems. More specifically, more orbicularis and
zygomaticus activity for sadness, less frontalis activity for sadness and less eye widen
activity for fear were associated with the severity of peer probleRrevious research has
consistently denonstrated thatdifficulties in recograng, understanding and interpreting
the emotions of others iassociatedvith problems in peer relation@Miller et al., 2005;
Schultz, 1zard, Ackerman & Youngstrom, 2001; Snyder et al., 2003; Sterba, Prinstein & Cox
2007).The associations between impaired facial mimicry responses and severity of peer
problems in the current study extends these findings@dbynonstratng thatfacially
NBaLR2yRAY3I (G2 20KSNJ LIS2LX SQa SYéagatelfya Ay O2y 3
impacts on relations with peers.

Whilethe present study founao significant differences between children with and
without peer problems in facial muscle responses to hapgs correlational analysis
demonstrated an inverse associatibatween orbicularis activitduring the observation of
happinessand peer problem severityhese findings suggest that an atypical response to
happiness is associated withpaired or limitedpeer relations, which contrastvith our
hypothesis. Based orrgvious studies, we expected peer problem severity to only be
associated with impaired facial mimicry for negative emotidt@wever, this is the first
study to investigate the relationship between facial mimicry impairments and peer
problems dimensionallyrhe RDo@amework a new way of classifying psychopathology,

advocaesthe dimensional study of mental health disorders and the processes and
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mechanisms underlying tisedisorders. Adimensional approach to psychopathology
assesses or measureariation in relevant underlying processes, capacities or traits across
individuals which represents a greater or lesser degreenehtal health and adaptatign
and avoids a substantial loss of valuable informattbat is often the case when using
categorical aproaches (Brown & Barlow, 200%) meta-analysignvestigating the reliability
and validity of utilizing dimensionalpproach reported a 15% and 37% increase in
reliability andvalidity respectivelythrough the adoption of a dimensional over a categdrica
measure of psychopatholodgiMarkon, Chmielewski & Miller, 2013ccordingly,
dimensional ways of studying psychopathology are on the rise (Fairchild et al., 2009; Marsee
et al., 2005; Passamonti et al., 201Ahother reason for the inconsistent findings between
the currentstudy andprevious research relates to thgpesof facial muscles investigated
during the observation of happiness. Previous stuthes failed to find an association
between happiness andisordered behaviouonly assessed activatiaf the zygomaticus
and corrugator musck We did not find any association between zygomaticus or corrugator
activity and peer problem severity, but rather an association between orbicularis activity
and peer elations.With thesecritiquesin mind, future research should dimensionally
investigate the relationship betwegmsychopathology anthultiple facial muscle sites
duringthe observation ohappiness Havingdeeperunderstanding of the mimicry deficits
for positive emotions in populations of children with psychopathology is important, given
that happiness isupposedo diffuse hostility andtimulate prosocial behaviour (Becker &
Srinivasan, 2014).

Qur findingof impaired facial mimicry for happiness is@at odds with studies that
report a specific impairment in recognition of negative facial expressions in children and

adolescents witla range of psychopathology associated with problematic peer relations.
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The Perception Action Model (PAM; Decety & Mocig, 2007) proposes that observing
20KSNRQ SY20A2ya | OGAGIGSa ySdzNI £ OANDdIzA G4X
that of the target person, and this facilitates emotion recogniti®hus, if children witlpeer
relationshipproblems areonly impaired in recograng negative emotions, we would expect
them todisplay an impairment in facial responsiveness for negative emotfopsssible
explanation is thapositive facial expressions are visually simpler to recognise than negative
facial expressiond.éppanen & Hietanen, 2004jappiness is associated with a single facial
feature (smiling), whereas negative facial features are associated with various muscle sites
that often overlap (e.g., corrugator activity is associated with lsattiness and anger;
Adolphs, 2002). Therefore, while the ability to successfully distinguish between different
negative emotions involves being able to differentiate between very subtle facial
differencesa single salient feature can be used to recogniggpiness Consequently, the
recognition and experience of vicarious happiness may be less dependent on mimicry than
other emotionsand thus, while children witproblematic peer relationsmayexhibit an
impairment in their facial responses to happinesss timpairment does nateem tocause
difficultiesfor the recognitionof and empathy for happiness.

To our knowledge this is the first study to demonstrate facial mimicry impairments in
children as young asAyears. A previous study on faciahmiry in 67-yearold children
with disruptive behavior disorder and TD controls failed to establish group differences in
facial responses (Deschamps et al., 2014). This led the authors to conclude that mimicry is
unimpaired until later in development. H@wver, our study points to a different conclusion.
There are numerous explanations for these inconsistencies. First, while Deschamps and
colleagues (2014) used facial EMG techniques, we introdileedffectiva AFFDEX facial

expression recognition engine hich may be a more precise measure of facial mimicry
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(Kulke, Feyerabend & Schacht2Pp) Second, while the previous study used stimuli that
consisted of black and white dynamic pictures, the present study used film clips with social
content. Our stimuli sowed real children experiencing reléke emotions and the target
emotion was clearly displayed in a social situation that is familiar to young children.
Consequently, the current design is more sensitive to assess facial mimicry in young
children.

In summary, this study provides first evidence in support of the feasibility of using
' FFSOGAQGIF (2 RSGSOG AYLI ANXNSyGa Ay FlFOAFE NB
LINPOEf SYad ! GeLIAOlLE FFOALFf NBalLRasgsodia@dwite G2 210
other common difficulties reported in children with social impairments, such as poor
emotion recognition, reduced empathy and diminished affect (Aspan, Vida, Gadoros &
Halasz, 2013lair, 2007; Hunnikin, Wells, Ash & van Goozen, 201@n\a al., 2019;
Schechtman, 2008eltzer et al., 200Futton, Reeves & Keogh, 2000, van Zonneveld et al.,
2017; Wells et al., 20390ur results could have important implications for the development
of interventions, which focus on targeting amdproving emotion processing in children
with inadequateor limited peer relations. This type of approach has already been shown to
be effective. For example, emotion comprehension progréonshildren and young people
have been associated with improvedhmaviair andprosocial skills (Bare@ohen, Golan &
Ashwin, 2009; Dadds et al., 2012; Hubble et al., 2015; Wells et al., under review). Our results
suggest that emotion interventioprogramsaimed at improving social functioning should
be administered eayl in lifewhen key soci@motional skills are developingdministering

successful interventiaduringan early, sensitive period may ensure children with peer

problems attain a more positive developmental trajectory.
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Children with diagnosed neurodevelopmentisorders(NDDs) exhibit a high prevalence of
co-occurrence across disordeasd marked heterogeneity in behavioural presentation
within diagnostic groups. In an attempt to reduce the problems associated with traditional
categorical approaches to psychopatholothgorists have highlighted the importance of
identifying transdiagnostic processes or factors tbantribute to the development and
maintenance of various forms of mental illne€uthbert, 2014Cuthbert& Insel,2013;

Insel, 2014)Having a better underanding of the transdiagnostic factors that contribute to
various forms of psychopathology will allow the development of interventions that target

shared features of multiple disorders. A transdiagnostic approach to developmental risk

(0p))
x

aligns with theNation f Ly adAddziS 2F aSydlf 1SIfdikKQa w
(Casey, Oliveri & Insel, 2014hich advocatestudying the processes and mechanisms
underlying mental health problems (Insel et al., 2010).

Central to this thesis was the examination de®ry of Mind (ToM), empathy and
facial mimicry in children with emerging NDDs. Symptoms of NDDs that develop €ariyg
childhood often exacerbate if left untreated and continue into adulthood. In line with the
RDoC approach, ToM, empathy and facial immiynare all essential for successful social and
emotional development and thus, impairments in these processes are likely to play a role in
the development of childhood NDDs.

A large body of research indicates that impairments in ToM, empathy and facial
mimicry play a role in the development and maintenance of both extesingliand
internalising disorders, supporting the transdiagnostic relevance of the constructs in
research and assessment. Based on this, it is also possible that ToM, empathy and facial
mimicry are useful constructs when studying risk for NDDs. However, research has not yet

explored the roles of ToM, empathy and facial mimicry in youngdpgnostic children at
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risk of developing psychopathology. Having a better understanding of theepses and
mechanisms underlying emotional and behavioural problems early in childhood may lead to
the development of interventions that promote a more positive developmental trajectory.
6.2 Overview, aims and key findings
The central aims of this thesigere to examinghe roles of ToM, empathy and facial
mimicry in children with early signs of NDDs, to understand how these processes relate to
each other as well as to specific emotional and behavioural problem profiles.

Chapter 2 examined ToM in childrevith early emerging symptoms of NDDs
compared to TD controls. Impairments in ToM ability have consistently been associated
with a range of mental health and neurodevelopmental disorders, including mood
disorders, disruptive disorders and ADKDg.,AnagassiouHadjicharalambous & Warden,
2008y; Banerjee & Henderson, 200%chenkel, Marlovh Q/ 2y Y2 NE azaazxz {@gSSY
Pavuluri, 2008Hughes, Dunn & White, 1998taoz, Gvirtz, Sheffer & Bloch, 2017; Song,
Waller, Hyde & Olsen, 2016lhere is alssome suggestion that individuals with autism who
perform comparably to TD controls on ToM tasks use significantly fewer mental state terms
in their explanations of social interactions (Begeer, Malle, Nieuwland & Keysar, 2010; Klin,
2000; Kih et al., 2003). This has led researchers to propose that even when individuals with
d20A1 €t AYLIANXYSyGa INB ofS G2 dzyRSNRGFYR |y
in social situations, they may not rely on their ToM ability to do so but ratiesr
experience and general cognitive abilitiekowever, little is known about whether ToM
impairments are evident in young, paéagnostic children with a range of emotional and
behavioural problems and even less about the nature of ToM impairmeni®se children.
A further issue was to ascertain whether ToM is differentially characterised agifteyent

emotional and behavioural profiles. Indeed, while a specific impairment in affective ToM
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has been demonstrated in children and adolescents wishughitive disorders (de la Osa et
al., 2016SatlofBedrick, 2017Sebastian et al., 2012), some studies have indicated that
enhanced levels of ToM are associated with anxiety symptomatologyH[hidnay &
ShamayTsoory, 2011; Zainal & Newman, 2018).

Chayper 2 aimed to identify whether impairments in ToM, that have been found in
children with diagnosed psychopathology, extends to-giggnostic children with early
signs of NDDs. The study also aimed to identify whether a specific or general impairment in
ToM underlies emotional and behavioural problems in early childhoodvamether ToM is
differentially affected across disruptive and anxietyated behavioural profilesThe
findings in Chapter 2 extend the literature by showing that participants with NizDes
specifically impaired on measures of cognitive ToM compared with controls. This finding
was further supported by the results investigating the use of mestiatle language, where
it was found that the NDD group also used less mental state terminalbgy justifying
FYR NBlFa2yAy3a Fo2dzi 20KSNJ LIS2L)X SQa SY2iAz2yad
possible that while TD children rely on their ability to infer the thoughts and beliefs of
others to understand what people are feeling, children véthotional and behavioural
difficulties are less able to do so, given their impaired ability to understand the cognitive
mental states of others. Consequently, they may rely on different processes, such as general
cognitive ability and past experience, agygested by Begeer and colleagues (2010). Despite
the significant differences between NDD and TD groups in ToM performance, severity of
emotional and behavioural difficulties (SDQ total problem score) did not predict ToM
understanding in the NDD group. ke, only age and verbal mental ability significantly and

independently predicted ToM. Based on these findings, it is possible that the reduced
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mentalising ability that we observed in our sample of children with symptoms of NDDs was
an indirect effect ofdnguage ability.

Our final prediction was that children with a disruptive behavioural profile would
exhibit a different pattern of ToM impairments compared to children with anxiety
symptomatology, but the current study found no evidence of this. It has Iseggested
that the lack of significant findings may be due to the use of dichotomous measures (Poletti
& Adenzato, 2013). Consequently, when comparing ToM and empathy in those with high
and low levels of anxiety in Chapter 3, we utilized a dimensiord| Samring system.

Recent literature has found both empathy and ToM to play a role in the
development and maintenance of anxiety disordéksilyeung & Alden, 2016; Gambin &
Sharp, 2018Hezel & McNally, 2014Morrison et al., 2016TibtElhanay & Shamaisary,
2011;Zainal & Newman, 2018). However, while some research suggests that anxiety
symptomatology is associated with elevated ToM and empathic tendencies, other research
suggests that levels of ToM and empathy are lower in anxious individdateover,some
studies have found that emotieprocessing impairments in individuals with anxiety are
specific to negative emotion®.g., Doty, Japee, Ingvar & Ungerleider, 2013; Frenkel & Bar
Haim, 2011 arros et al., 20%2Lau et al., 2012;ee, Herbert & Manssis, 2014; Montagne
et al., 2007; Yoon, Yang, Chong & Oh, 2004g goal of Chapter 3 was to identify whether
children with high levels of anxiety would differ from children with low levels of anxiety in
their ToM and empathy performance and whether Taktd empathy were related to
anxiety severity.

The results of Chapter 3 expand on previous stubieshowing that children with
high levels of anxiety symptomatology exhibited elevated ability in inferring the cognitive

mental states of others (cognitiveoM) but reduced ability in feeling a congruent emotional
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NBalLlyasS (2 20KSNERQ yS3lIGAdS Syz2iAi2ya ol F¥SC
difference between the high anxiety (HA) and low anxiety (LA) groups in affective ToM and
cognitive empathyWhen examining relations with the clinical variables we found that
elevated cognitive ToM and reduced affective empathy for negative emotions were
associated with more severe anxiety and that they, independently of one another, predicted
anxiety symptomatlogy.

In Chapter 4, we examined the relationship between facial mimicry and cognitive

and affective empathy in young children with symptoms of NDDs. Previous literature
examining the three constructs simultaneously has demonstratesitive associations
between mimicry and cognitive and affective empa{Byimalla, Landwehr, Hess & Dziobek,
2019; Sato et al., 2018an der Graff et al., 2016Moreover, in these studies the
relationship between mimicry and cognitive empathy was mediated by affective dmpat
(Sato et al., 2013;an der Graff et al., 2016However, these studies were conducted in
adolescents and adults andRe2 f SAO0SyGaQ FyR | RdzZ 6aQ FIFOAIf S
their true feelings. In social situations, they are likely to follow g8amodisplay rules, which
lead people to modify (intensify, neutralise, hide) their emotional responses in accordance
with contextspecific expectations (Ekman, 1972; Ekman & Friesen, 1975; Saarni, 1982).
/| KAt RNBYQa (1y26f SR3AS 2dplays @osyhot tull devetoRunfIl &0 SY 2 i A
11 years (Gnepp & Hess, 1986). Consequently, children are more likely to show significant
convergence between their feelings and their facial expressions, enabling us to establish the
underlying relationship between mmicry and empathy. The goal of Chapter 4 was to
examine the relations between mimicry, cognitive empathy and affective empathy in

sample of children aged 4@ years with early emerging symptoms of NDDs in order to
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establish whether impaired facial mimiomas the mechanism underlying the impairments
in empathic responding consistently demonstrated by children with diagnosed NDDs.

In partial support of our first hypothesis we found positive relationships between
facial mimicry for sadness and affective amgjnitive empathy for sadness, but no
significant associations between facial mimicry and empathy for either happiness or fear.
Against predictions, and in contrast to previous research in samples of adolescents and
adults (Drimalla, Landwehr, Hess & Drikp2019; Sato et al., 201&n der Graff et al.,

2016), we also found stronger support for a mediating role of cognitive rather than affective
empathy. That isfacial mimicry was found to better predict affective empathy, indirectly via
cognitive empatly, rather than predicting cognitive empathy indirectly via affective

empathy.

The final experimental chapter in this thesisamined the role of facial mimicry
Ay OKAf RNFB y Mificultiés $1 Kdcoydsing, undegstarididy and interpreting the
emotions of others have frequently been associated with peer rejection, greater peer
victimization and exclusion by peers (Miller et al., 2005; Schultz, 1zard, Ackerman, &
Youngstrom, 2001; Snyder et al., 2003; Sterba, Prinstein, & Cox, 2007). Givenithat fa
mimicry has been theorised to initiate emotion processimgeems plausible that children
with peer problems would also exhibit impaired facial mimicry responses. Research has
shown that children aged-82 years with poor peer relations (as indicatey children with
disruptive behaviour disorders and ASD) display impaired facial mimicry. However, the exact
nature of the impairment is uncleaF.or example, while boys with oppositional defiant
disorder and conduct disorder were less facially readiiveisplays of negatively valenced
facial expressions (de Wied et al., 2006; 200B)dren with ASD appear to display impaired

mimicry for both negative and positive facial displays (Beall et al., 2008; Oberman et al.,
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2009). Moreover, little is known a&loit whether facial mimicry impairments are evident in
younger children with broadanging emotional and behavioural problems.

Consistent with the research on children with disruptive behaviour disordiers (
Wied et al., 2006; 2009he study firstly demastratedthat pre-diagnostic children with
peer problems showed impairments in facial mimicry compared to children with no peer
problems,particularly in response to negative emotions. Interestingly, this pattern of results
was not found when exploring thelationships between facial mimicry and peer relations
dimensionally. Indeed, our results indicated that impairments in facial mimicry for both
positive and negative emotions were associated with severity of peer problems. Moreover,
for the first time, we found that impaired facial responsiveness, particularly increased
orbicularis activity during the observation of happiness and reduced frontalis activity during

the observation of sadness, predicted peer problems.

6.2 Do children with emerging NDDs shgsoblems in their sociecognitive and
emotional processes?
A key aim of this thesis was to explore the roles of ToM, empathy and facial mimicry in
young children with early signs of NDDs. While impairments in all three constructs have
been observed in okt children and in children with diagnosed psychopatholidge is
known about whether impairments are evident in young,-gdragnostic children with a
range of emotional and behavioural problems and even less about the nature of
impairments in these chdren.

The results taken together extend the literatusg showing that pradiagnostic
children with early emerging symptoms of NDDs are impaired in their ToM, empathic and
facial mimicry abilities (Chapters 2, 3 and 5 respectively). Chapten\2edthat children

with symptoms of NDDs demonstrated a specific impairmetiéir ability to infer the
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cognitivemental states of othersompared to TD controls; Chapter 3 demonstrated that
compared to children with low levels of anxiety, children with hagliety exhibited
elevated levels ofognitivetheorising ancareducedr 6 A f A & (2 OAOF NA2dzaf &
negative emotionsand Chapter 5 showed that children with poor peer relations displayed
impaired facial mimicry for negative emotions comparedhose without. These findings
point to the importance of early intervention as these children were exhibiting similar ToM,
empathy and facial mimicry impairments to those that have been observed in older children
and adolescents with diagnosed psychopatiyy (e.g.AnastassiotHadjicharalambous &
Warden, 2008, 2008h Beall et al., 2008Caputi, Pantaleo & Scaini, 200& Wied et al.,
2006, 2009Gambin & Sharp, 201&1aoz, Gvirtz, Sheffer & Bloch, 20¥an Goozen et al.,
2016).The results of the currd thesis als@rovide support for the RDoC approach, which
advocates studying the processes and mechanisms underlying mental health problems
rather than treating mental illnesses and disorders based on labels and diaghtssset
al., 2010)InChapted H | YR p NBaLISOuGA@Ste ¢S F2dzyR |y
thoughts and beliefs in children with NDDs compared to TD controls and impaired facial
mimicry in children with problematic peer relations compared to those without. The
symptomsdemonstiated by children with NDDs included a wide variety of emotional and
behavioural problems and problematic peer relations are proposed to underlie a number of
externalsing and internaking disordersCampbell, 2006; Ladd & Tro&ordon, 2003;
Lynam, 1996Sturaro, van Lier, Cuijpers, & Kp@011) These findingsherefore,support
the notion that emotional and sociocognitive processes, particulatpgnitiveToM and
facial mimicry, are transdiagnastfactors that underlie a range of difficult behaviours.

With regard to the nature of socioognitive and emotional impairments, the

findings of the current thesis vary depending on the emotional and behavioural profile being
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examined. From Chapter 2ig clear that children with broadanging symptoms of NDDs
aK2g | Of SI NI RSTFAOAG Ay AYTFSNNAYy3I 20KSNEQ (K
3 suggest that children with anxiety specific symptomatology show an elevated ability in
understandiry the thoughts and beliefs of other§hese findings highlight the importance of
investigating emotional and socmgnitive processes in relation to specific symptom

clusters. Indeed, determining the role of ToM, empathy and facial mimicry in relation to

other behavioural profiles is something that further work should explore.

6.3. Does variation in ToM, empathy and facial mimicry explain variation in emotional and
behavioural problem severity?

Another central aim of this thesis was to determine how Telpathy and facial mimicry

relate to one another as well as to specific emotional and behavioural profiles. Therefore, in
addition to investigating differences in ToM, empathy and facial mimicry performance
between categorical groups, we assessed symptantsconstructs dimensionally via
correlational and regression analyses. Investigating psychopathology dimensionally not only
increases understanding of the processes underlying NDDs and explains variation in severity
but can also better inform the develomnt and implementation of novel treatment options
(Brown & Barlow, 2005; Hudziak et al., 20@%cordinglydimensional ways of studying
psychopathology are on the rise (Fairchild et al., 2009; Marsee et al., 2005; Passamonti et
al., 2010).

Our analysis in Chapter 3 showed that elevated levels of cognitive ToM and reduced
levels of affective empathy for negative emotions were associated with anxiety
symptomatology and that they both, independently of one another explained anxiety
severity. TIs is in line with previous research in samples of adolescents and adults that has

found that both ToM and empathy are associated with anxiety severity (Gambin & Sharp,
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2018; TibiElhanany & Shamalsoory, 2011) and theories that propose that they contigbu

to the development and maintenance of the disorder (eBeck et al., 1985; Beck & Clark,
1997; Eysenck, 1992; Eysenck, 139inrichs & Hofmann, 2001; THBlhanany & Shamay
Tsoory, 2011)Similarly, our analyses in Chapter 5 showed that impairedlfaumicry for
happiness, sadness and fear were all related to peer problems and that impaired facial
mimicry for sadness and happiness explained peer problem severity independently of one
another. A body of research has foutight difficulties in recogrsing, understanding and
interpreting the emotions of others is associated with problems in peer relaighiter et

al., 2005; Schultz, Izard, Ackerman, & Youngstrom, 2001; Snyder et al., 2003; Sterba,
Prinstein, & Cox, 2007)he associations between impaired facial mimicry responses and
severity of peer problems in the current study extends these findings, by demonstrating that
FLOALFfte NBaLRYyRAYy3 (2 20KSNJ LIS2L) SQa SY20GA2
negatively impcts on relations with peersnterestingly, our analysis in Chapter 2 showed
GKFG {5v ¢20Ff a02NB3Z NBFESOGAGS 2F I OKAfRC
health and wellbeing (Beardsmore, 2015), did not predict ToM performdndeed, oty

age and verbal mental abiliffMA)significantly and independently predicted TolVhese
findingssuggesthat reduced mentalising abilities in children with symptoms of NDDs may
occur as an indirect effect of language abilidpwever, in the researclpresented in this

thesis, ToM was assessed using conventional false belief meaatnieb have been

criticised for theidinguistic complexity (Lewis & Osborne, 1990). For example, Bhooim
German(2000 argue that children faihe tasksnot because they lack the conceptual
competence, but rather because they have difficulties with the vedoalversational

aspects of tk measuresConsequently, whilentervention and prevention programmes

F20dzaAy3 2y @2dzy3 OK AfayRmpiowe Méir pérforghiahczlomniyhly Olj dzA



Chapter 6: General Discussion

verbally dependent ToM tasks, it may not result in better performance on other socio
cognitive measured:uture research should explore the relations between ToM, verbal
ability and childhood emotional and behaviourabptems usingmplicit measures ofocbp-
cognitiveprocesseshat are not so heavily dependent on languagachasmonitoring eye
movementand anticipatorylookingduring falsebelief taskqe.g.,Burnside, Wright &
PoulinDubois, 2017; Powell et al., 2018;hneider et al., 200&chuwerk, Vuori & Sodian,
2014).In relation to these findings, it is also important to note tleaen though there was a
significant difference in gender ratio betweenrettwo groups with the NDD group having a
higher proportion of males compared to the TD grpgender was not controlled for and
the relations between gender, VMA and ToM were not explofe@refore, it is possible
that lower levels otognitiveToMin the NDD grougre an artefact of both gender
(malenessand VMA Further research should aim to explore these associations.
Investigation of the relationships between facial mimicry and empathy in Chapter 4
revealed that facial mimicry for sadness was digauntly correlated with both cognitive and
affective empathy for sadness, and significantly predicted affective empathy indirectly via
cognitive empathy. Similar relations could not be confirmed for happiness or fear. This
suggests that while targeting paired facial mimicry could result in improvements in
recognising, understanding Y R FSSf Ay3 20KSNARQ alRySaasz Al
in empathic responding for happiness and fear. Facial mimicry and empathy in this case
appear to be related but distinct constructs. Further support for this finding comes from the
results in @apter 5. Previous studies have consistently demonstrated that children with
both internalsing and externasing problems display specific emotipnocessing deficits for
negative emotions (e.gBlair & Coles, 2000; Blair et al., 2001 Fairchild et @09 ZFrenkel &

BarHaim, 2011Garner, BaldwinBradley & Mogg2009;Hunnikin et al., 201;9Qarros et al.,
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2012. If mimicry is associated with emotion processing, as proposed by numerous empathy
models Decety & Moriguchi, 200 Marshall et al., 1995)hen facial mimicry should only be
impaired for negative emotions. However, the results of Chapter 5 indicate that impaired
facial mimicry for both positive and negative emotions was associated with peer problem
severity and that impaired mimicry for hapjgiss and sadness independently of one another
predicted poor peer relations. Taken together these findings suggest that while facial
mimicry and empathy are related processes, they are distinct risk factors for NDDs.

ToM and empathy also appear to be diti constructs, as evidenced by the findings
in Chapter 3in which cognitive ToM and affective empathy for negative emotions predicted
anxiety symptomatology independently of one another. These findings are in line with
Dvash and Shamay & 2 2 NE Q aduroénatomical imodgl 8f ToM and empathy, which
suggests that cognitive ToM and affective empathy are separate constructs, based on their
dependence on different neural systenWhile cognitive ToM performance is associated
with activation in the medial prebntal cortex, superior temporal sulcus and the temporal
poles, an affective empathic response is driven mainly by regions that mediate emotional
experiences, such as the amygdala and the inguta, AbuAkel & Shamay'soory, 2011;
Dvash & Shamaysoory2014; Shamaysoory & AharotPeretz, 2007; Shamalsoory,

Harari, AharorPeretz, & Levkovitz, 2010; Shamaysoory, TibElhanany, & AharoReretz,
2007) However, this model also proposes thuatth affective and cognitive ToM form
cognitive empathy, anthus ToM and cognitive empathy are conceptually interchangeable
(BaronCohen & Wheelwright, 2004). This proposition is also based on neuroanatomical
findings;when a cognitive empathic response is generated, the cognitive riaiivork

(medial prefrontal cortex, superior temporal sulcus, temporal poles) and the affective ToM

network (ventromedial prefrontal cortex) are typically involMedg., AbuAkel & Shamay
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Tsoory, 2011; Dvash & Sharriesoory 2014; Shamalsoory & Aharo#Peaetz, 2007,
ShamayTsoory, Harari, AhareReretz, & Levkovitz, 2010; Shamaysoory, TibElhanany,

& AharonPeretz, 2007)In line with this model, enhanced cognitive ToM, as evidence in
Chapter 3, would extend to an elevated performance in affective aniicognitive

empathy. In contrast to this, while we found elevated ToM performance in children with

high levels of anxiety, we found no differences betwéas groups in affective ToM or

cognitive empathy. These findings suggest that the ability to neisegand understand the
thoughts and beliefs of others is dependent from the ability to recognise and understand
20KSNJ LIS2L) SQa FSStAy3da FyR SyzGdAazyad it Ay
when formulating intervention and treatment stragges for children displaying emotional

and behavioural problems. Specifically, cognitive ToM, affective empathy and facial mimicry
are all independent risk factors for NDDs and need to be considered separately.

Another interesting finding was the contrastresults when utilizing categorical vs
dimensional approaches in Chapter 5. While we found differences in facial mimicry for
negative emotions between children with and without peer problems, our dimensional
results indicated that impairments in facrimicry for both positive and negative emotions
were associated with severity of peer problems. Moreover, for the first time, we found that
impaired facial responsiveness, particularly increased orbicularis activity during the
observation of happiness amdduced frontalis activity during the observation of sadness,
predicted peer problems. Discrepancies in results when using categorical vs dimensional
approaches was alsevidenced by our findings regarding ToM in chapters 2 and 3;
differencesirthe abilit G2 Ay TSN G§KS LJA & bekveen thasavdthdnd & G G S«
without anxiety symptomatology were not found when using a categorical approach, while

elevatedcognitive theorisingvas associated with anxiety when investigating the
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relationship dimesionally.A dimensional approach to psychopathology avoids a substantial
loss of valuable information (Brown & Barlow, 2005) and thus is more reliable and valid than
categorical measuresf psychopathology (Markon, Chmielewski & Miller, 2011). With this in
mind, future research should continue to dimensionatlyestigate the relationship
between psychopathology and soatognitive and emotional processes.

Our findings are consistent with previous research that suggests that impairments in
ToM, empathy andacial mimicry play a role in the development and maintenance of NDDs.
However, the specificity of ToM and empathy impairments that children with emotional and
behavioural problems show is of note and has implications for the development of
prevention andntervention programmesrThis thesis found evidence of an impairabllity
to infer the cognitivemental states of others in children with broagnging symptoms of
b55a& o0/ KFLIWISNI HO YR Iy SYyKFEYyOSR FoAftAdGe (2
with high levels of anxiety (Chapter. Joweverthere was no difference between NDD and
TD groups nor between high anxiety and lowxiety groups in their ability to understand
20KSNRQ | F7FS OWdaBsfourdihaiHA partigipahesihiBiteddmpaired
sharing of negative emotions, but there was no difference in their ability to vicariously share
20KSNEQ KFILIWLAYS&aa FyR y2 RATEBNHugndSinstead & O2 NB
of targeting these constructs as a whole, future interventand prevention programmes

should be tailored to address these specific impairments.
6.3 Strengths, limitations and future directions

6.3.1 Strengths
The current thesis held a number of strengths over previous research. First, by recruiting a
sample of young, prdiagnostic children at risk of future psychopathology, the current

thesis was able to identify early risk factors for the development of NBPa.result, it
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extends and contributes to the literature by identifying that low levels of cognitive ToM,
predicted by poor language ability, are present in younggeagnostic children with early
emerging symptoms of NDDs; that elevated cognitive TaMraduced affective empathy
for negative emotions are risk factors for the development and maintenance of anxiety
symptomatology; and that impaired facial mimicry responses for happiness and sadness
explain peer problem severity. As well as being assediatth the severity of emotional

and behavioural problems, this thesis demonstrated that facial mimicry for sadness was
positively related to cognitive and affective empathy for sadnEssly interventions can

now target these processes early to ensunddren obtain a more positive developmental
trajectory.

The sample was also strong because it included children with a wide range of
overlapping emotional and behavioural difficulties. Epidemiological research has
consistently shown that the prevalencé @>-occurring symptoms across exterrsalg and
internalising behavioural profiles is high, even amongst community samples (Achenbach,
1990; Angold, Costello, & Erkanli, 1999; Beyers & Loeber, 2003). Similarly, the prevalence of
pure levels of internading and externading symptom trajectories from age 2 to age 12 is
low (D2%) relative to children with levels of-czcurring symptoms (Fanti & Henrich, 2010).
Consequently, our investigation of sogiognitive andemotional functioning in a sample of
children with a range of overlapping interngig and externaing symptoms is highly
representative of children displaying emerging psychopathology.

Despite the previously notectiticismsof false belief measas, a metaanalysis by
Wellman, Cross and Watson (2001) demonstrated that false belief éaskslargely robust
measure of ToMConseqently, afurther strength of thecurrent research was its use of

well-known, objectiveand reliable procedures and exjimental tasks to examine so¢io
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cognitive ancemotional functioning in children with emotional and behavioural problems.
In addition, this was the first study to utilize iMotions software to assess facial mimicry in a
sample of prediagnostic children witlearly emerging signs of NDDs. The inclusion of this

A =
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that is more reliable and less intrusive than facial EM@Ke, Feyerabend & Schacht2ep

On a related notethis thesis also makes a potential significant contribution to the literature

by providing first evidence in support of the feasibility of using Affectiva to reliably examine

facial responsiveness in children aged years and detect impairments in facial
NBalLRyaArgSySaa (GKIFIaG NBEIFIGS G2 OKAfRNByQa az2cC

Another strength of this thesis is our collaboration with school practitioners to
identify children with disordered behaviour who are at risk of developing future
psychopathology. The amount of terchildren spend in schools makes this an important
location for prevention efforts (Domitrovich, Durlak, Staley & Weissberg, 2017). Teachers
are familiar with a broad range of children and have expertise regarding normative child
development (Viding, BlaiMoffitt & Plomin, 2005). Moreover, children at risk of future
psychopathology, particularly those at risk for disruptive behaviours, frequently come from
families that operate off the radar from health and social services (Doran, 28(8;

Zonneveld et al., 2017), highlighting the importance of outreach processes within schools to
help these families and children.

Finally,a key strength of this thesis is titegrated categorical and dimensional
approachemployedthroughout. Previous studes investigating ToM, empathy and facial
mimicry in older children, adolescents and adults have employed a categorical approach
Consequentlyreplicating this approach allowed us ¢ompare our findingsn a sample of

young prediagnostic childrento those found in older samples with diagnosed
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psychopathology. However, due to the heterogenous nature of childhood NDDs, categorical
attempts to understand their development have been limit€hnsequently, in line with

the RDoC approach we also utilised meinsional approacto study the processes and
mechanisms underlying psychopathology. The dimensional approach in the current study
has allowed for an understanding of the interrelations between ToM, empathy, facial
mimicry and severity of emotional and behoural problems, demonstrating that these risk
factors all add to the explanation of emotional and behavioural problems. Understanding
the mechanisms and processes underlying emotional and behavioural difficulties in
childhood is essential for the devg@ment of effective intervention and treatment options.
6.3.2 Limitations and future research

The results of the thesis also need to be interpretedsideringts limitations. Firstly,

Chapters 3, 4 and 5 would have been strengthened by the inclus@typically developing
control group. Although we were able to show specific cognitive ToM and affective empathy
impairments for negative emotions in children with high levels of anxiety symptoms, and
impaired facial mimicry responses in children with ppeer relations, it is unclear whether
ToM, empathy and mimicry performance in children with low levels of anxiety or peer
problems would have been similar to those of A@fierred children. Indeed, although the

low anxious and low peer problems childrevigently had low levels of anxiety and peer
problems respectively, it is possible they had other emotional and/or behavioural difficulties
which could have influenced the findings. Similarly, in contrast to studies investigating the
relationship in healthyand typically developing adolescents and ad(ato et al., 2013;

van der Graff et al., 2016), the results of Chapter 4 demonstrated that the relationship
between mimicry and affective empathy is mediated by cognitive empathy. Consequently, it

is possike that individuals with psychopathological symptoms exhibit a different
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relationship between mimicry and empathy than those without psychopatholagiiough
children in the NDD group exhibited varying levels of emotional and behavioural problems,
rangingfrom low to high risk, it is still possible that symptoms of psychopathology
influenced the relations between mimicry and empathy. Consequently, the addition of a
control group would have helped us to understand whether the mediating role of cognitive
empathy is specific to those with early emerging symptoms of NDDs.

Going forward it would also be beneficial to use more sources of behavioural data.

While the SDQ is a commonly used, valid measure of emotional and behavioural problems,

it does have itéimitationsin the context of this thesid=or examplethe emotional subscale

is not limited to sympoms of anxiety, but rather assesses emotional problems generally.
Conseguently, it is possible that some of the children in the high anxiety grongshapters

2 and 3, were categorised due to low mood rather than elevated anxiety symptomatology.
Relatedly in Chapter 2, we used the reversed prosocial subscadeasf thecriteriato
categorise children as high or low in disruptive behaviours. &hersed prosocial subscale

in this context was used asw@easure of callous unemotional traité/hile other studies

have used this measure for the same purpésg., Wells, Hunnikin, Ash & van Goozen,
2019) it is important to note thait is an indirectrather than a direct measure of CU traits
(Blair, Leibenluft & Pine, 2014; Kimonis et al., 20C8hsideration should be given to these
YSI &dzZNBYSyYy(d A&daadadzSa ¢gKSy dzaay3a GKS f106St a
the children in this thesi A similar caveatelates to the grouping ahe NDALUkhildren into

the NDD group in Chapter 2. While these children were referred by their teachers for
emotional and behavioural problems, which are indicative of future NDDs, none of the

children in theNDD group had a diagnosis of an NDD.
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It is also important to highlight thatue to the continuation of data collection
throughout the undertaking of this research, sample sizes for each chapter varied. Chapter 5
was the first to be written, hence the sarepn this chapter is the smallest. Chapter 3 was
the last to be written and therefore has a larger sample compared to the other chapters.
Despite the varying sample sizes, there were no differences in age, gender or FSIQ between
each of the samples in Gpiers 3, 4 and 5 and the remainder of the NDAU sample (see
AppendixB). These findings suggest that each sample is representative of the NDAU sample
as a whole. In contrast, there were differences in the gender ratio between the sample in
Chapter 2 and the remaining NDAU sample. However, we found no differences in ToM
performance between males and females, and therefore it seems unlikely that differences
in gender ratio are responsible for the difference between NDD and TD groups in ToM.

Similarly, full empathy, ToM and/or facial mimicry data were not available for each
sanple within each chapter. This was due to a combination of difficulties associated with
collecting data from hardo-test families and young children with symptoms of NDDs. For
example, children demonstrating attentional difficulties do not have the conmegion
levels necessary to complete all tasks and some children from chaotic families failed to
return for a second session. Consequently, in each chapter, a consistent group of the same
participants could not be used at all stages of analyses. Howevglista common and
unavoidable limitation when collecting vast amounts of data from such challenging
populations (e.g., Airdrie, Langley, Thapar, & van Goozen, 2017).

Further,given the crossectional nature of the study, we are unable to comment on
the causal relationship between the impairments and emotional and behavioural problems.
For example, while we argue in line with RDoC, that socagmitive ancemotional

processing impairments may cause emotional and behavioural difficulties, it is alsol@ossib
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that those with early emerging symptoms of NDDs reduce their social contact with others,
which negatively impacts on their soetognitive ancemotional skills. Followp studies of

our sample are needed to examine how these processes, measured oegptiedict

changes in emotional and behavioural problems.

The final limitatios relate to issusthat were beyond the scope of this thesid/e
found impaired facial mimicry in children with poor peer relations and found a significant
association betweeratial mimicry and cognitive and affective empathy for sadness.
However, we did not directly examine whether children with impaired facial mimicry for
sadness also displayed impaired cognitive and affective empathy for sadness. Future
research should aim texplore this relationship.

Additionally, one of the challengésr integrating the critical role of early
development into RDoC perspectives is the lack of established early bate\donstructs
that can be targeted for analyses and interventi@unsequentlythe first aim was to
identify behavioural cortsucts. | first selected measures of soetmgnitive and emotional
functioning, namely ToM, empathy and facial mimicry, based on theoretical and empirical
relevance to the development of both intealising and externalising problem behaviours,
and their dependence on miiple RDoC domain$hesecond aim, using a datiiven
approach, was to identify any gaps in the literature, with regard to how these constructs
related to specific emotional ancebavioural profiles in young children. Based on the
review of evidence, | identified children with anxiety, disruptive behaviour and peer
problems as subgroups of interest. It now remains for further research to continue to
identify further sociecognitiveand emotional processes amplorehow theserelate to

other emotional and behavioural profiles and symptoms of NDDs generally.
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Finally, be identification ofimpairments in ToM, empathy and facial mimicry in this
age group should encourage work exphgrithepresenceand nature of socieognitive and
emotional impairments in youreg and older samplesBrain areas associated with the
development of ToM, empathy and facial mimicry continue to develop throughout
childhood, adolescence and often indolulthood (Casey et al., 1997; Gogtay et al., 2004,
Sowell et al., 1999; Durston et al., 2008)r example, the prefrontal cort€eFC)which is
involved in both theorising and cognitive empathic abilit@sgergoes considerable
maturation during childbod and adolescenceThisincludesa reduction of synaptic and
neuronal density, a growth of dendritesd both growth and then declinia grey matter
volume(Musser & Raiker, 2019Due to these substantial changes in neuroanatomy during
this period, we bould also expect the nature of these soecimgnitive and emotional
impairments to continue to change and develop throughout childhood and adolesdence.
addition tothe independent developmendf the PFCit alsodevelogsintensive
interconnections with other brain regis during childhood and adaeence such as the
amygdalgaDecety, Michalska & Kinzler 2012; GabBrutnam et al., 2014; Gabafurnam
et al., 2016; Silvers et al., Z0QiSwartz et al., 2014; Vink et alQ12; Wu et al., 2016).
Communication between thmedial prefrontal cortexfiPFEand the amygdala supports
emotional learning and arousal and is consequently important for the development of facial
mimicry and affective empathic respdimg. Studies examing the connectivity between
the PFC and the amygdala have demonstrated that the communication between the two
brain regions igjualitively different in childhood than in adulthod®ecety, Michalska &
Kinzler 2012; GabasDurnam et al., 2014; Gabafdurnam et al., 2016; Silvers et al., 201
Swartz et al., 2014; Vink et al., 2014; Wu et al., 20M6)e specifically, in adulthood, but

not earlier, increases in mMPFC activity are associated with a decrease in amygdala activity
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in relation to emotional stimil Thiss dzZ33Sa (a4 SIFNIé& SYSNHSYyOS 27F ¢
signalA y3 (2 GKS YtC/ Ay OKAfRNBY |yR fFGSNJ RSQ
mPFC over amygdala in adults (Wu et al., 2@&3ed on this it is plausible that the

relations between ToM, empathy and facial mimiorgy differ ovettime and development

and thusmay provide an explanation as to why we foumdifferent pattern of relationships

between facial mintry and empathy ampared to those found in samples of adolescents

and adultsIn a similar gin, developmental research has revealed important interactions

between genetic polymorphisms and adverse life egeand highlighted development as a
moderator for these interactins. For exampléeritability estimates for a number of

emotional and behavioural symptom clusters (e.g., anxiety and depressive symptoms, and
externalsing behaviars) increase from adolescenogo young adulthood (Bergen,

Gardner, & Kendler, 2007), indicating moderationdeyelopmental stageAdditionally,

research has demonstratdie moderating effect of largscaleenvironmentalfactors in
geneenvironmentinteractions are particularly domina@mong those from disadvantaged
environmentsd ¢ dzZNJ KSAYSNE | £ S X 2 | f RNPS{diesSuthhay 2 T NA 2
these demonstrate that interactions between variables are complex and that risk factors do

not confer the same risk for all people ortive same way for an individual across the

lifespan (Cicchetti, 1993; Rutter & Sroufe, 2000). This suggests that a pafRuar profile

may be associated with different emotional and behavioural problems across people and

time (Franklin, Jamieson, GlednNock, 2015).Consequentlynow that we have identified

observable RDoC construcgglditionalresearch isieededto assess how they relate to the

development of psychopathology over time using a longitudinal design.
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6.4 Implications anctonclusions

Theorists have highlighted the importance of examining symptoms of NDDs in early
childhood that precede and predict adverse developmental outcomes (Eisenberg, Spinrad,
& Eggum, 2010; Gilliom & Shaw, 2004; Olson, Choe, & Sameroff, 2017Jyidgtiie
mechanismghat influencethe developmentatrajectory of suchearlyemergingsymptoms
isessentiako further understandthe etiologicalpathwaysto psychopathologyGilliom &

Shaw, 2004). Despite this, research investigating the processesectthmsms that may
contribute to psychopathology over time is still in its infancy (Franklin, Jamieson, Glenn, &
Nock, 2015; Insel, 2014). Our study is among the first to integrate RDoC constructs into a
developmental psychopathology framework.

The overdlfindings of this thesis identify ToM, empathy and facial mimicry as
important processes that are implicated in the development of and explain the variation in
severity of NDDssupporting the transdiagnostic relevance of these constructs in research
andassessmeniCurrent findings also extend and contribute to the literature by identifying
that ToM in young, praliagnostic children, is differentially affected across different
emotional and behaviour profiles; while low levels of cognitive ToM categohitgren with
emotional and behavioural problems generally, high levels of cognitive ToM were
specifically related to anxiety symptomatologis highlights the importance of not only
investigating elements of socimgnitive and emotional functioning ass disorders, but to
also assess the constructs in relation to specific symptom clustérat is now needed is a
greater understanding of the role of ToM, empatlayd facial mimicry in relation to specific
types of disordered behaviour. Finally, thigéiis demonstrates that facial mimicry for
al RySaa ¢l a LRarxldAgSte NBfIFIGSR (G2 OKAf RNBYyQa

LIS2 L) SQa al RySaasx adza3sSadgAay3d GKIFIG AYLI ANBR 7
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impaired empathic responding for negatieenotions demonstrated by children with
psychopathology, particularly disruptive disorders.

This thesis also highlights the importance of early detection and intervention as
these children were exhibiting similar impairments to those that have been gbden
older children with diagnosed psychopathology. Disordered behaviour in childhood causes
immediate difficulty for parents, teachers, the society and the children themselves and also
poses a risk for children in later life (Campbell, 19856ffitt, 1993 Moffitt, Caspi, Dickson,
Silva, & Stanton, 1996xternalsing and internaking behaviour profiles have been linked
to poor social functioning, poor academic achievement, future psychopathology, substance
abuse, criminality and physical violen&aspi et al., 199Miner & ClarkeStewart, 2008;
Moffit, 2003; Moffitt & Scott, 2008Petitclerc & Tremblay, 200®etitclercet al., 2009;
Rutter & Giller, 1983Shaw, Gilliom, Ingoldsby & Nagin, 2Q@33spite thistraditional
mental health services oplfocus on treatment services for children and young people at
the highest level of risk (Dowdy et al., 2010). Moreover, intervention efforts typically focus
on targeting symptoms associated with a diagnostic group rather than targeting a specific
phenotype (Cuthburt & Insel, 2013 onsequently, when children finally receive support, it
is often not appropriately targeted towards their individual needs. The combination of these
approaches results the utilization of generic interventions aiming to target
symptomatology long after it has intensified and become deeply entrenahed,
becoming more resistant to intervention effortByorsky et al., 2014). The findings of this
thesis contradict tese traditional approaches to intervention; the transdiagnostic relevance
of sociacognitive ancemotional impairments in young pregiagnostic children highlights
that by taking an RDoC approach, mechanisms and processes underlying developmental

psychopatlmlogy can be identified and targeted early to prevent an aberrant developmental
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trajectory. Interventions tailored to the causal processes that influence the development,
persistence and severity of NDDs will allow a better chance of achieving benefttial a

longerterm outcome for the children (Hunnikin et al., 2018fore specifically, our findings
suggestthah y 1 SNBSSy G A 2y a ! Nd@tiielagdemaidoal furiRthlng,Qa &2 O
LI NI A Odzf NI @8 OKAf RNBY Q& ¢2aXonSdéredragieke | yR Tl C
preventative effort to reduce risk for both internaing and externating problems before

the onset of clinical symptoms and significant maladjustment.
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