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Abstract

This thesis examines how individual differencesaugial trais relate to behavioural
and physiologicatesponses to affective toudDver the last few decades thmctionality of
C-Tactile afferents (CTs) have beewestigatedwith researchers positing that Cilsiction
to signal the rewarding value sbcial tactile interactionglere,by exploringtherelationship
betweertrait sociabilityand affective touchgrception thisocial touch hypothesis
explored.In the first three studiethe role of sociability on the vicarious experience of
affective touchwasinvestigatedin study onethe aim was to determine how trait sociability
affected awcarious expevianak ofaffed@ige and discriminative totidre
individuals with the lowest number of autistic traits and theoretically the highest sociability
werefound to showthe greatessensitivityin their affective ratingsf differentvelocitiesof
toudh, resulting ina significant quadratic relationship between f@i-optimal and CT
optimal stimuli at CTinnervated locationdn study twothe aim wasnvestigate the vicarious
experience of touch in young childredhildren both witha diagnosis oASD (heretheorised
to be one extremity of trait sociability) and without ASD observed the same videos depicting
socialtouch. t wasfoundthatyoungchildren (aged 712) did not showhe typically
observedicariouspreference for CIoptimal velocity touchFurthermore, thereias no
difference between children with an autism spectrum disorder (ASD) and typically
developing children in their affective ratings of the observed tdsitiuly three again took
the same sample of videos amkdfacial EMG to see whether the explicitly rated vicarious
preference for CIoptimal over norCT-optimal touch could be detected implicitlywas
found thatobservatiorof CT-optimalsocial tactile interactiondid notelicit thesame
affective responsebat have previously been reported in response to directly felt touch. This
finding is perhapsconsistent with the rather weak affective response elibyeduch in

comparisorto pain, for exampleThe fact that selfeported levels of empathetic concern



correlated negatively with corrugator muscle activity, indicative of negative affect, in
response to touch on CT innervated sites suggests individual differences in implicit affective
response to touch are preseéntstudyfour, the aim wago determinenvhetherindividual
differences irtrait sociabilityaffected implicit affective responsesfist-hand experience of
touch Consistently, participants will low levels of autistic trgiggh trait sociability)

showed geater zygomaticus activity, indicative of positive affect, during evaluation of the
touch they received than those with high levelawdfstictraits. Stoking touch elicited little
activity in the Corrugator, indicative of negative affect, in either gréuplly, study 5 usel

EEGto determine howhe cortical activityrelated to fast conductingbAstimulation

compared to later activity in responsestow conductingCTs. Specificallyanultra-late

potential JLP) was measured for Géptimal stimuli. Furthermore, 30cs)/which generates
greater A stimulation than 3cm /licited a significantly greater p300 orienting response.
Furthermore, there was a significant difference in the ULP peak amplitude between
individuals with high and low levels of autistic traits suggesting differential patterns of
activity. Taken together, these studies suggesttthath, includingouch targeted to

optimally activate CTss indeed processed differentlyoth physiologically and

behaviourallypy individuals with different levels @utistic traits whether directly felt or
vicariously experiencedt is hypothesised that these differencesflect variation in

sensitivity to the rewarding value ad@al stimuli. These studiesrpvide some of the first
evidence that individual differences in stable personality traits are associated with differential

responses to social / affective touch.
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Chapter 1. General Introduction

1.1. Primary Cutaneous Sensory Nerves & Receptors of Discriminative Touch
Thesense ofouch allows an individual tlmcate, interact with andistinguish between

objectsthey come into contact witfMcGlone, Wessberg, & Olausson, 201Aphatomically,

large myelinated Aype sensoryfibres providerapidinformation about stretch, pressuséip

and vibration

L STRATUM
CORNIUM

 EPIDERMAL
KERATINOCY TES

Figure 1. Innervation of the hairy and glabrous skKiinom McGlone et al., 20145hown here are the afferents
responsible for different functions of Somatosensation, divided ityjpeX(1.1) and @ype (1.2) categoriedhese
afferents are further subcategorised depending on their activation properties and the stimuli they respond most
prominently to. For examplé\b afferents that are rapidly adapting (for transient stimulatiang likely to be
responsible for determing the texture of an object, and slow adapting afferents that provide a sustained response
to skin contactfor detecting skin stretch and the continuous activation through static.téuaiferentson the

other handare responsible for rapid detection dinful stimuli.

This discriminative aspectof touch is subserved byfour different receptors1.
Mei ssner 6s cor eopsscldse 8, RMMerRatciosi dn Pacmiank 4. R

corpuscles are responsible for detecting rap
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detect slower vibrations likely to be responsible for texture detection. These are both served by
rapidly adapting afferentswhich provide transientesponses to stimuli, thus providing

frequent rapid inputs relating tbetextureof a stimulugFigure 1). ComparativelyMe r k e | 6 s
disks and Ruffini endings detect pressure and skin stretch respectively. These receptors are

served by slow adapting affertsthat produce sustained responses to stimulaimule 1).

In addition, thinly mglinated,Ad fibres with subtypes responding to mechanical,
thermaland nociceptive stimuli, conveinformation tothe brainat a medium velocity.Ad
nociceptors are the peripheral component of what is termed First pain, conveying rapidly
perceived, discriminative information about potential skin dan(Eig&lone & Reilly 201)

(Figure 1).

1.1.1. Central Projections of Myelinated Fibres

Discriminative somatosensory perception is sub served by myelinated afferents that
ascend via the dorsal columns and dorsal column nuclei to the somatosensory cortex (SI)
(Mountcastle, 2005)Further projections extend to the secondary somatosensory cortex (Sll)
which is theorised to integrate sensory input with motor input which may have a role in
proprioceptiorn(Lin & Forss, 2002)S1is divided into layers, each of which process input from
different receptive fields on the cutaneous surf&ardner, 1988)Each location on the skin
is represented by a population of neuronSimeaning that somatosensory perception can be
mapped onto the cortglelson, Sur, Felleman, & Kaas, 198The cortical mappin@ this
region of the brain is represented by a sensory homunculus with more densely innervated body
locations resulting in higher tactile acuitiaving greatecortical representatiofPenfield &
Rasmussen, 1953This somatotopicmrganisation has been shown in infants as young as 7
months old Saby, Meltzoff, & Marshall, 2015yherestimulation of thdoot or hand activated

distinctly different regions df1
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The plasticity of thissomatotop representatiorf the bodyis demonstratedby the
changes ircortical structure o651 observed irindividuals affected by neurologicdamage,
which results inatypical sensory experienceor example, individuals with Carpal Tunnel
Syndrome show alterembmatotopic organisatian S1as a result of continuous stimulation of
the trapped median ner¢€ecchio, Padua, Aprile, & Ros$jr2002) Furthermorgin the motor
disorder Dystonighere issomeevidence thatlisturbances of the sensory system may underlie
aspects ofts symptomology. Consistent with this, in an fMRI studipgertip stimulation
revealeddifferences in the paint s® corti cal representation
healthy control grouButterworth et al., 2003)n addition in patients who have undergone
limb amputationchanges in theorticalrepresentation of the body are apparent. For example,
in uppefrlimb amputeesthe area oprimary somatosensogortex representing the face was
found to shift several centimetres towards the area that previously received input from nerves
supplying the absent limElbert et al., 1994)This siggess somatosensory mapsS1are

dependent on regular activation of peripheral sensory afferents.

1.2. Primary Sensory Afferents andReceptors of Affective Touch

C-fibres are thin,unmyelinated slowly conductingnervestypically recognised as
encoding nociceptive and pruritic sensatio@gibres are abundant in the hairy skin of the
body. In fact, under electron microscopy 90% ofedibres found in the dermis were reported
to be unmyelinate(Ebenezer et al., 2007Q-nociceptors are theeripheral component of what
is termed Second pain. Their much slowenduction velocity means they hakias little
discriminative value but rather convey the negative emotional quality of the stimulus (McGlone
& Reilly 2010, Bessou & Perl, 1999 The fat that, in additiorto its discriminative function,
there is also an emotional or affective dimensiomotech has only relately recently been

recognised, with the identification and characterisation of a cldstoww threshold,

13
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mechanosensitiv€-fibres, which in humans ameamed CGtactile afferents (CTsjVallbo,

OlaussonWessberg, & Norrsell, 1993)

C-low threshold mechanoreceptorsi(CMs) were first identified in the cat; Zotterman
(1939) recorded small amplitude impulses from ghphenouserve during gentle stroking
Hereasonedhese were conveyed by small unmyelinated neurons due to their slow conduction
velocity. Having now been identified in the hairy skin of a range of mamised®itcher, Le
Pichon, & Chedr, 2016) including humangNordin, 1990) theirresponse characteristicave
been mappedsingthe electrophysiological techniqu@acroneurography (MNG{Vallbo and
Hagbarth, 1968)MNG involves the insertion of a thin tungsten electrode (approximate tip
diameter 5nm) percutaneously into individual cutaneous sensory nerve fascicles. These
electrodes can then record the firfingquency of the nerve fibre in response to stimoatf

its receptivdield.

Using MNG, originally unexpected slow velocity activation viiest measured directly
from the supraorbital/infraorbital nerves of the fab@hansson, Trulsson, Olsson, & Westberg,
1988; Nordin & Hagbah, 1989) CTs respond preferentially to slpgentle stroking touch at
between 1 and 10cm/sé¢allbo et al., 1999)they havdow mechanical thresholds of about
0.23g(Nordin, 1990) Recently, CTs have been found to be temperature sensitive, responding
most prominently to akin temperaturstimulus(32 degrees]) Ackerley, Backlund Wasling,
et al., 2014)Anatomically, CTafferents ardound solely in the hairy skin. In humans CTs
have never been found innervating the glabrous skin on the palms of the hand or soles of the
feet (Nordin, 1990; Vallbo, Olausson, Wessberg & Norrsell, 18887, 2001 Liu et al,2007).
Although one study reported-ICTMS were present in the skin of hind paivrats(Djouhri,

2016)
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Physiologically, CTshave different characteristics to th&b sensory nervesnost
frequentlymeasured on the palthoken, Wessberg, Morrison, McGlone, & Olausson, 2009)
For instanceafter activation CTs may produce spontaneous discharges that could last a number
of seconds post stimulatigMordin, 1990b)though the function of thiafterdischargas not
known. Conversely, Baf f er ent s6 f i r i ngupdnragimquusheingyin i s de
contact with the skinThatis, discharges stoas soon astimuation ceased~urthermoreCTs
are highly fatigablethe first stimulation in a series results in a larger response and is perceived
as more pleasant than subsequent stifiNdrdin, 1990; Triscoli, Ackerley, & Sailer, 2014;

Vallbo et al., 1999)

1.2.1. Central Projections of CTs

While discriminativetactile sensations are processe&ina number ofMRI studies
have reported activation in dorsal posterior insula cortex in respo@3etémgetedstimulation
(Bjornsdotter, Loken, Olausson, Vallbo, & Wessberg, 2009; McCabe, Rolls, Bilderbeck, &
McGlone, 2008; Morrison, Bjiisdotter, & Olausson, 2011; Olausson et al., 200@)m the
receptors in the skjinmyelinatedafferents project to the lamieaf the spinal cordwith C-
type fibres projecting to lamina | & 1l in the dorsal ho(Rigure 2) (Sugiura, Lee, & Perl,
1984) From here CT and-@odceptor afferats project to the dorsal poster insula cortex
(Craig, 2009; Lamm & Singer, 2010ncreased understding of the central projection,
physiological and perceptual consequences of CT activating touch has come from two
individuals with asensory ganglionoplay acquired through a viral infectipwhich destroyed
sensory afferent cell bodies in the dorsaltrganglion. As a result, while these individuals
have lost all innervation of large myelinatedtype afferents necessary for discriminative
touch, their Cfibre innervation appears to be intaétgure 2) (Ceko, Seminowicz, Catherine
Bushnell, & Olausson, 2013; Sterman, Schaumburg, & Asbury, 198®se individuals, IW

& GL, show typical cortical activatiom response t&@T-optimal stimuli whilst showing no
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activity in S1during Ab targetedstimulation(Olausson et al 2008). Furthermptige authors
reported deactivation in Sdecausef maladaptive supraspinal plasticity, an effecspinal
activity reported in individuals with phantom limb paidr, Nikolajsen &Jensen, 2006
Here, in the absence of physical input individuals experience spontaneous sehsatoise

of phantom activation in the spinal nerves.

o
]
é AFFECTIVESSOHULAL SENSORY/DISCRIMINATIVE
> = |
=E I
B
= = | pSTS | mPF(| dACC - '[u::n: dIPFC
z =
= . * __________________________________
o

i q_i{j"e chive (aiRCriHinaiive
processingl pracessing)

I'IlilLam.u. e led
Spinathalamic tract * * Drgal columu via DCN

Lamina I Lamina [I-V

Spinal cord
{dorsal hom)

E g
- =
: g
= =
slow fast sloar fast
AFFECTIVE: CT receptors DISCRIMINATIVE: AR recepiors

Etmulus speed over skin

Figure 2. The functional properties of Aand CT afferents and their central projections (from McGlone,
Wessberg & Olausson, 2014). At the lowest levilard CT afferents respond differently to stimuli. Whebe A
afferentsé discharge frequency i nc neaptimally tolstimaoliechr | y wi
between 110cm/sec with a lower discharge frequency to slower and faster stimuli. These afferents project to
different lamina in the dorsal horn, whilebé project via the dorsal column to primary and secondary

somatosensory caces, CTs are believed to project via the spinothalamic tract to the posterior insula cortex.

16



Similarly to the somattopic representation of discriminative tactile input in primary
somatosensory cortex, there is some evideheee is also asomatotopicall organised
representation of the body in the posterior insula cofBrnsdotter et al., 2009n an fMRI
study, whenndividuals with sensory gaglionofiey and control participanexperiencedouch
delivered at a velocity optimal for CT stimulation (©ptimal touch, 110cm/s)(Loken et al.,
2009) on their arm and thighlocation independent voxel clusters weigentified within
posterior insula cortexT his topographical organisation for affective somatosensory ingsit
also been showimm responsdo noxious heat pajiwhereby stimuli appliedo the hand, foot
and face elicited distinctly different voxel clustevghin the posterior insula cortgBrooks,

Zambreanu, Godinez, Craig, & Tracey, 2Q05)

This topographical representation of body sites in the insulaafiagt the relative
experience of Cloptimal touch at these locations. For examplea psychophysical study,
Essick et al (1999) reported that participants rated touch to the face more pleastmtdha
to the armsuggesting differences in the relaiperception at these different locations. It is
hypothesised that these differences in pleasantness and topographic representation of CTs
reflect innervation densities in the periphery (Liu et al, 20098ing a molecular genetic
visualisation techniqyeliu et al (2009) mapped the cutaneous innervation patterns of a
MrgprB4+, gentle touch responsive-fibre in mice. Their staining showed these fibres
innervated the hairy but not glabrous skin and projected to lamina Il of the spinal column.
Furthermore,ltese fibres were more densely innervated on the dorsal than thoracic surface and
more sparsely innervated in distal than proximal regions of the liMdsiyama et al (2012),
reported that stroking to the back of rats resulted in a significantly largassesbf dopamine
within the nucleus accumbens than stroking to the foohind limbs. Taken together, these
studies indicate that touch at body sites densely innervated wifiM3 may be more

rewarding than at sparsely innervated sites. Consistent with these rodent stuldissans
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Walker, Trotter, Woods, and McGlone (201found thataffective ratings of vicariously
experienced touch match the hypothesised innervation density of CTs. That is, the highest
ratings of perceivegleasantnessvere given for touch on thback and upper arm, in
comparison to the distal regions tife limbs It was hypothesised that these cetauns
innervationdensities result iproportional representation in the insglartex;typically, this

relates to the S1 homunculus that shows cortical representation is proportional to peripheral

innervationof Ab afferentsresulting in greater tactile acuity and sensitivity

The posterior insula cortex is typically associated with functions such as homeostasis,
emotion and interoceptive experien&raig, 2003;MoragaAmaro & Stehberg, 2012)with
increased arousal and autonomic pairing between individuals receiving gentpti@al
touch (ChatetGoldman, Congedo, Jutten, & Schwartz, 20I#)e anterior insula itself is
responsible for processing personal subjective experiences of stimuli (Craig, 2002; 2009;
Lamm & Singer, 2010From hereinformation istransferredo the Anterior Cingulate Cortex
(ACC), which ishighly functionally and anatomically connected to the antensula cortex
(Craig, 2009) The ACC isposited to be responsible for emotion processing, reward
anticipation and decisiemaking(Bush, Luu, & Posner, 200Qhus supporting the role of €T

stimulation in affect and motivational behaviour

Strong functional connectivity betweehe insula and regions such as the amygdala
and orbitofrontal cortex (OFC) link this region to processing information and underlying
behaviour during social interactions and bondidddin, 2014) It is therefore theorised that
CT touch is a mediator for these social processes (Craig, Zag#)ermore, these regions are
associated with pain processing too, thus highlighting the social, motiaktae that pain
and pleasure have drehaviourAs well as fMRI evidence, recent EEG research found-ultra
late potential and theta power changes in the frontal cortex around two and a half seconds after
initial CT-optimal stimulation(Ackerley, Eriksson, & Wessberg, 2013)he relative latency
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and thetaynchronisation measured is purportedly the result of processing in the frontal regions
of the brain wiere the ACC and OFC are locatedirtRer, supportingthe transfer of CT
optimal stimuli processing from the posterior regions of the in®j&rnsdotter et al., 2009;
Lucas et al., 2015; Olausson et al., 20@3yontal region®f the brain(Lindgren et al., 2012;

Rolls et al., 2003)

In conclusion, affective touch, signalled by CiBstactile perception with valence,
motivational and arousal context (Harméones, Gable, & Price, 2012) the purpose of which
is hypothesised to encourage and elicit positive social interactions between individuals where

pain sensations inhibit these irgetions

1.3. The Social Touch Hypothesis
As discussed, CTrespondptimallyto stimuli moving at a slow velocity, with a gentle
force and at a temperature similar to that of human (@kckerley, Backlund Wasling, et al.,
2014; Rochelle Ackerley, Carlsson, Wester, Olausson, & Backlund Wasling,. Ziet)
tactile stimulation is typical fothat which occurs during comforting reciprocal interactions
between individual¢Ackerley, Backlund Wasling, et al., 2014; Morrison, 2016; Sohiret
al., 2014) Given they projecto brainregions associated with processing affect and reward
has been proposed that CTs form the first stage sgecialized pathwagncoding socially
relevant tactile informatio(Morrison, Loken & Olauson, 20100lausson et al., 2010n a
recent studyCroy et al (2016pbservedparticipantswhilst theytouched: eithean artificial
arm, their part ne rRagicipants mereoaskedhtestrake a régen of skib a b y .
marked out on each diiese sites, for 30s with no other instructions relating to the stroking.
For participants stroking their partneros ar
within a CT-optimal range with no participants stroking in a-&iboptimal rangeThese
findings demonstrate the social relevance ©Gf-optimal stroking, where participants
spontaneouslgtroke at these velocities without any specific motivation to do so
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Affective touch plays a fundamental role in r@rbal communication and bondiray,
key component of prosocial behavidiirsch et al., 2017)Furthermore touch is an effective
way to projet emotional state and intefiiertenstein, Keltner, App, Bulleit, & Jaskolka, 2006)
For example,n wh a't has been r ef era lmieftouchobetwesn at he 0
waiter/waitress antheir customer resulted in larger tipping, even though the customer didn't
consciouslyrate the service as any better than individuals who were not to(Chesto &
Wetzel, 1984)This shows that the mere expaesto physical interactions can implicitly affect

an i ndiappiaidabfan irtesaction

Across a range da$peciestactile interactions have been shown to benefit maturation.
For example, touch sensitive development is observed in the nematode Gpecieshabditis
elegangRose, Sangha, Rai, Norman, & Rankin, 200%)ividuals that were rearad isolation
were significantly shorter and thinner compared with individuals rearaaolony. Isolated
individuals also reacted to tactile stimuli le$sn groupedindividuals did Furthermore,
Diamond, Krech and Rosenzweig (196#)und that enriching the environment of rats (i.e.
incorporating miscellaneous objects into their environment) had a beneficial impact on
chemical and physical developmeuit the brain, highlighting the importance of sensory input
to developmentFurther research has found thattile input, such dsandling in early infancy
decreasesrdais | evel s of (Champagne & Meaeeg(0R17)and acts o mediate
negative responses to strassater life (Alvarez, Levine, & Green, 2015\ seminal study of
primate social behaviour found that infant monkeys were more motivated to interact with soft
surrogate models that resembled their mother
providedonly food (Harlow & Zimmermann, 1959%hus showing the rewarding value that

tactile comfort has in early life across species even at the expense of food.

In human infants too, a range of tactile interventions have been shown to have a
beneficial effect onnfant healthgrowth and developmeriBystrova, 2009; Diego, Field, &
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HernandezReif, 2014; Feldman & Eidelman, 2003jor examplep k a n gcaarrsiioio-
skin contact betweeaparent andnfant has been shown to increase fipeed ofnmaturation
of preterm infants with a larger increase in size anceight, andlower incidences of
nosocomial infections, resulting in lower mortality rattesn infants not receiving this contact
intervention(CondeAgudelo, Belizan, & DiazRossello, 2011; Feldman & Eidelman, 2003)
Furthermore, theautonomic stress responses of a preterfants are reducedhelping to
decrease the negatigtresseffects of preterm birth, including heart abnormalities and poor
homeostatic contraMcCain, LudingtorHoe, Swinth, & Hadeed, 20073uch early skin to
skin interactions between an infant and primary caregileenot only benefitthe physical
health of theinfant (Hunt, 2008) but also the bonding between skaelyads (Hunt, 2008;
Tessier et al., 1998)-urthermore, massadberapy ha been shown to improve the sogial
emotional behaviour and development athildren with ASD, permanently changing

undesirable behavioufEscalona, Field, Singestrunck Cullen, & Hartshorn, 2001)

Recent evidence shows that touch for@pfimal touchcarriesa positivemotivational
value (Berridge, Robinson, & Aldridge, 2009; Pawling, Trotter, McGlone, & Walker, 2017,
Perini, Morrison, & Olausson, 2015; Triscoli et al., 20Edy examplePerini et al (2015)
found that participants chose to repeat adpiimal stimulus moreften than a norCT-
optimal one.Also, while desire to receive Goptimal touch decreases over time wihba
stimulus is repeatedhe decline in liking was less rapid than for fO optimal stimulation
(Triscoli et al., 2014)Recently in an evaluative conditioning studyawling, Totter, et al
(2017)found thatneutral faces paired witT-optimal touchwere subsequently rated as more

approachable than n€dT touch paired faces that were initially equally liked.

Fairhurst, Loken, and Grossmann (20ddnducted a study arine-monthold children
who werestroked at three speeds (0.3, 3 and 30cm/sec) whilst their pulse was measured and
their attention towards a distractor video or the stroking brush was rec@uedg touch
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delivered at 3cm/sec (Captimal speed}thechildrents pulse rate decreased significantly more
thanin response téaster or slower velocity strokingurthermoreduring CT-optimal strokes
theirattention was on the brush for significantly longer than with faster or slower control trials
Recentlyin adults too, CT optimal velocity stimulation was found to decrease heart rate to a
significantly greater degree théaster, norCT optimal stroke¢Pawling, Trotteret al(2017)
However further evidence suggests thiais relaxation effects not neessarily CT specifias

a similar increase in intdreat intervals was also reported for 3cm/sec stroking on thegbalm
the hand (Pawling, Cannon, McGlone, & Walker (2017Also, in this study facial
electromyography was useddompareaffective arousalesponses to CT and N@T targeted
stimuli. A location and velocity specifimcrease in ZigomaticusMajor activity (the muscle
responsible for smilingWwas reported in response to CT optimal velocity touch on the forearm,
suggesting thatconsistent vth other behavioural observation®uch which targets CTs

carries an implicipositiveaffective value.

The cortical mechanisms and subsequagtiaviouratonsequencesf somatosensory
perception are observed both during physical stimulation and vicarious observation of touch
(Ebisch et al., 2008; Keysers, Kaas, & Gazzola, 2010; Lamm, Silani, & Singer, 2015; Morrison,
Bjornsdotter & Olausson, 2011Yhis effect is likely the result of the human ability to
empat hi se with omdieal étategkaman & ilatobonie 2006;nVdchea
Presseau et al., 2012&hisis supported by the fact, vicarious experience of both pleasant and
unpleasant somatosensory stimuli has been shown to activate regions of the cortex associated
with imitation and sociemotional behaviour, such as the anterior insula, anterior cingulate
cortex and temporoparietal junctigBufalari & lonta, 2013; Gordon et al., 2013; Morelli &
Lieberman, 2013)In two separateexperimentsMorrison et al., (2011)yeportedthat both
receiving and observing Gdptimal touch resulted inselectiveactivaion of the posterior

insula cortex and n@1 Furthermore, participants rated the toucher more pleasant and likeable
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after observing reciprocal interactions between a confederate and reséactivener et al.,

2014) It was also reported that the toucher was attended to more chfterg subsequent

viewing periods Furthemore,the observation aimages depictingocialtactile interactions

(bonding stimuli)has been reported iocreagp ar t i ci pant 6 s sacidbjlitg ct i ve
and lower feelings of isolatiomnd increase activity inomparison to controls who observed

stimuli with no social interaction (nemonding stimuliCampagnoli et al., 2015)

1.4. Individual Differences in Touch Perception.
Individual differences in sensory fibre innervation density have Beewn toaffect
not only an individual 6s direct e Naaresonietence o
al, 201). For exampleHSAN-V patients who experience a progressive loss dflites as a
result of a heritable mutatiodp not experience pain response to typically nociceptive input
(Minde et al., 2004and do not show the tym@lly observed preference for CT optimal velocity
stroking touch (Macefield et al 20145urthermore, providing evidence that direct sensory
experienceshapes vicarious ratings, HSANpatients also show flattened ratings of observed
touch. Neurally, thesglunted ratings are associated with reduced activation in posterior insula

cortex in comparison to healthy contr@gorrison,Bjornsdotter et al., 2011)

Perceptions of somatosensory stimuli can also me modulatedrgxtualfactors
(Gazzola et al, 2012; McCabe et al, 2P08or exampleGazzolaet al (2012) reported that
when heterosexual males belidvibiey were beingstroked by a femalexperimenter tay
showed greater activatian S1than when the same physical stimulus was believed to be
delivered by a man. In faan trials where female touch was anticipat&d,was activebefore
the touch was appliedhis effect was replicated by Scheele et al (2014), who also found that
female delivered caress was deemed to be more pleasant and showed an increase in Sl as a
result of this female delivered toucBimilarly, McCabe et al (2008pund the labelona jar
of moisturizing cream being applied to partici@@rms modified thie neural responses to

23



and explicit perceptual ratings of the sensation. Thus, Wherb ed il @eld Mo i st uri zi n
there was greateactivation in the pregenual cingulate cortaxd higher ratings of sensory

pleasure than when the same cream was laldelledh s i ¢ Takendogether, thesedings
indicatesomatosensory percepti@mnotjust a resultof peripheraktimulation but is affected

by context dependent expectations.

Interestingly a number of tegpown, social and cultural factors can affect how socially
relevant touch is perceived. For example, in a large survey Suvilehto, Glerean, Dunbar, Hari
and Nummenma (2017) found that the closer the social bond with an individual the more
open respondents are to receiving touch from them. This included both family members, close
friends and romantic partner$he areas perceived as most widely acceptable th taere
the extremities such as hands and arms, touch on more proximal areas was only acceptable
between those with strong social bonds. Furthermore, affective ratings of touch pleasantness
have been shown to be modulated by the social nature of theatonuhith skinto-skin
contact rated as more pleasant than touch delivered by a velvet rod (Kress, Minati, Ferraro &
Critchley, 2012). In addition, in a study investigating the impact of expectation on the
experience of touch and pain, Ellingsenet@l23) f ound t hat participar
were reduced and their ratings of touch pleasantness increased when they believed they were
taking a pharmacological agent previously proven to have these effects. Demonstrating that
prior expectations modate perception of somatosensory sensations. Taken together this
literature suggests that the context in which touch is experienced in has a significant impact
on its affective and motivational appraisal. Individual differences are therefore positistto af
the experience of touch for individuals most likely through-dogrn manipulations of

experience.

Beyond context dependent changes in cognitive ,siatdividual differences in
responses to both directly felt and vicariously experienced touchalsa®een shown to vary
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as a function ofstable personality traitéKrahé, Drabek, Paloyelis, & Fotopoulou, 2016;
Schaefer, Heinze, & Rotte, 2018)f particular relevance to the workported herdrait levels

of sociability, as determined using thutism Spectrum Quotient (AQ(Baroncohen,
Wheelwright, Skinner, Martin, & Clubley, 200have been found to be associated with
variation inhaemodynami¢Bennett, Bolling, Anderson, Pelphrey, & Kaiser, 2014; Scheele et
al., 2014; Voos, Pelphrey, & Kaiser, 201®sychophysiologica{PeledAvron & Shamay
Tsoory, 2017and behavioural respongddayer, 2017; Robertson & Simmons, 201@jouch
Furthermore,tiese differetial responses have been reported in resporsaiqghysicatouch
(Bennettet al,, 2014; Scheelet al.,2014;Vooset al.,2013)andobservabn of touch (Peled
Avron & ShamayTsoory., 2017) awell asselfreporting of touch preferencdglgyer, 2017;
Robertson & Simmons, 2013yor examplein an fMRI study, higher scores on the AQ were
associated witmeducedactivity in key brainsareasinvolved inhedonic processinguch as

the posterior superior temporal sulc(sSTS and OFC in response to @ptimal stimuli
(Voos et al.,, 2013)In an ERP studyPeledAvron and Shamaysoory (2017)reported a
positive correlation between levels of iatit traits and th@eak amplitude of thiate positive
potential elicited by observing social touch. Here, AQ scores were also positively correlated
with selfreported social touch aversidfurthermorein a recent CT focused studlydlividuals

with high levels of autistic traitsatedCT-optimal touch as less pleasamd reported having
fewer social tactile interactiotBanparticipants witHow levels of autistic trait§Croy, Geide,
Paulus, Weidner, & Olausson, 201&he AQ is predominantly a measure of autistic traits
however, theoretically this scale is a measure of sociability in autistic and otherwise typically
developing individuals (Hoekstra et al, 200&ken togethethese results suggesriation in

trait socability affects boththe percaved pleasantness for Gaptimal stimuliand how much

an individual valuessocial tactile interactionsproviding furtherindirect support forCTs

putative social function.
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At the extreme end of the AQ spectrum lies individuals diagnosed with Autism
Spectrum Disorders (ASD). These represent individuals with the lowest trait sociability
however some otherwise typically developing individuals also show these levels of AQ scores
BaronCohen et al (2001) reported that 80% of individuals diagnegtbdASD would achieve
anscoreabove 2&n the AQ scale however, it was also shown that a large number of otherwise
typically developing individuals also fall within this range of sepsiggesting that the AQ it
not simply a measure of autistic symptoms but of traits likely to be shared across individuals

both with and without a diagnosis of ASD.

The DSMV (American Psychological Society, 2013) categ@k8Das #fAdef i ci t s
socialc ommuni cati ondo and fArestri ©Theregigglargebopye t i t i
of literature which suggests that sensory abnormalities contributee development and
maintenance of the behaviours and social difficulties that characteris¢ @t&be, Goddard,

& Pring, 2009; Haigh, 2018; Leekam, Nieto, Libby, Wing, & Gould, 2007; Ornitz, 1973)
Indeed,sensory deficits now form part of the BIS5 diagnostic criteria for ASDIn ASD,
sensory abnormalities vary across modaldisthere is a great deal of heterogenaiithin the
condition (Marco, Hinkley, Hill, & Nagarajan, 2011Both noxious and innocuous sensory
stimuli are believed to be procesddifferenty from control participant§Prescott, Ma, & De
Koninck, 204). While hyposensitivity can be dangerous due to blunted behavioural responses
to painful and damaginmputs hypersensitivity may result in overstimulation from typically
innocuous stimuli leading to a negative valuation or alladiype response. Such differential
processing of sensory inputs results in abnormal experience of the wolldiing the social
tactile interactions, whichare prevalent between an infant aheir biological mother or
caregiver It is possible that modation of CTs could impact both the experience of pleasant
touch and the experience of pain. Specifically recent animal studies have shown that

hypersensitivityto touch is reduced in-@bre knockout mice (Seal et al., 2009; Lou et al.,
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2013).These studie further suggest that it is the processing ofd@ihuli that is responsible
for the valuation of tactile input and thus a deficient system would result in differential

experiences of the touch across individuals.

A number of studies haveeportedthat individuals with ASD displaylifferential
patterns of cortical activitgompared to typically developing contratsresponse ta range of
tactile stimuli(e.g.Coben, Clarke, Hudspeth, & Barry, 2008; Delmonte et al., 2012; Kaiser et
al., 2010; LloydFox et al., 2013; Oberman et al., 2005; Pelphrey & Carter, 20@8)ding
videos of individuals interacting socially with the participant (Llefzdx et al, 2013) and
physical tactile stimulatiofe.g. Kaiser et al., 2015; Miyazaki et al., 20@inilar patterns of
activity have been shown for individuals with high levels of autistic traits (e.g. PAeted
et al., 2017; Voos et al., 2012)his further highlights the relationship between tactile autistic

traits and individuals diagnosed wittSR.

Beyond purely discriminative functions, studies have reported relationships between
tactile sensitivity and social functioning in ASHilton et al., 2010; Lundqgvist, 2015; Miguel
et al., 2017) For example, selfeport measures of tactile sensitivity gneéferenceevealed
social dysfunction in individuals with ASD was siga#ntly mediated bwlteredresponsivity
to touch. In fact, Hilton et al (2010) found a strong significant negative relationship between
touch sensitivity and social responsivendssould be that thendividualswith ASD have
fundamental cortical abnormalities affecting their social behaviour @Gogrchesne et al.,
2011) For example, posnhortem analysis of the brains of individuals with ASD revealed
greater neural density in the anterior and posterior insula cortices than in typically developing
individuals (Courchesnet al, 2007). As these regions are targets of primary CT afferent
projection, it is likely that abnormal innervation in these regimosild result in atypical

perception of CIoptimal stimuli.
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1.5. Aims of this Thesis.

While evidence to date shows that typically developing individuals with high levels of
autistic traits experience touch differently to individuals with low levels of autisits, there
is a dearth of empirical evidence looking at how individual differences in trait sociability affect
the processing of Goptimal stimuli. In particular, how physiological and electrophysiological
responses to CT stimulation differ accordiegels of social traits is not well understood. Thus

the aims of this thesis are to address this gap as follows:

1 A wealth of research has found similarities in the cortical and behavioural responses
to both first hand and vicariously experienced affediveh.However the impact of
individual differences in trait sociabilityn vicariousresponses to affective toubhas
not been widely researcherthus the first aim iso investigatevhether individual
differences in trait sociabilitgffectvicariousratingsof affective touch

1 The vicarious experience of discriminative and affective touch will be measured in
typically developing children and those wéldiagnosis oASD, to measure a
theoretical range of high and low trait sociability. The ainoiadd to existing
literature that shows, children distinguish between affective and discriminative touch
when felt firsthand.

1 Recent evidence (Pawling, Cannon et al, 2017) shows differential activity between the
Zygomaticus Major (smile muscle) and the @gator Supercilli (frown muscle) in
response to affective and discriminative first hand totibk. third aim of this thesis
is toexplore the vicarious experience of affective touch by measuring physiological
responses to the observation of touch.

1 Following up from the work of Pawling, Cannon et al (201fi¢, fourth aim iso
measure implicit affective responses to affective and discriminative touch and, to

determine how trait sociability affects these responses.
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1 Afinal aim of this thesis is to searclthe ultralate potential (ULP). This component
of the ERP trace has been most prominently reported durmariCeptor stimulation
however, Ackerley et al (2013) also reported a ULP in response to CT stimulation. To
add to this existing research, diffeti@hcortical responses to Gdptimal and non
CT-optimal stimuli will be recordedn order todetermine whether there are
individual differences in the ULP or earlier ERP components in response to affective

and discriminative touch.
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Chapter 2. Methods for Studying Responses to Affective Touch.

2.1. Manual Stroking

Assessment of mechanoreceptive functioning has been commonplace since the 1800s

however Essick, James, McGlond999) were the first researchers to measure the relative
valence of different somatosensory stimuli. Specifically, in this study participants rated the
pleasantnessf stimulation on the arm and face with different texduneaterials From this
study,samatosensorpsychophysical methodgere developedith researchermanipulating
factorssuch as velocity, location, force and texttoadifferentally target differentypes of
sensory nervesln two studiegpresented hergarticipants received manual brush stroking to
their arm and/or palm. These stimuli were delivered uasaft make up brusiNo7 Make up
Brush, The Boots CompanyYlany CT focused studies have userbtary tactile stimwtor
(RTS) to ensure touch idelivered with a precise velocity and force optimal for CT stimulation
(based on microneurography evidengiken, Wessberg, Morrison, McGlone, & Olausson,
2009) This further allowssocial context to be removed from the stimultfowever,in the
studies reported heregpaimaryaim was to determine how trait differences in sociability affect
the responses to touch, it was therefore decided that a social context was netkksagh
stroking participarg with a brush has little externalbcial validity, it allows for a social
component to be included with the stimulhat is not present when touch is administered
using aRTS Manually administered brush strolkeave been used effectively across a number
of previous CT focusestudiegBjornsdotter et al., 2009; Case et al., 2016; Gordon et al., 2013;
Miguel, Lisboa, Gongalves, & Sampaio, 2017; Pawling, Cannon, et al., 26dAypically

elicit pleasant sensations compaison to other material§Ackerley, Sar, McGlme, &
Backlund Waslind2014) Furthermoreusinga brush, as opposed to a hagasurestimulus

consistencywithout individual differences in skin texturand/or temperaturaffecting the

30



velocity or force of the strokin@Sivamani, Goodman, Gitis, & Maibach, 200Bhportantly,
Triscoli, Olausson, Sailer, Ignell and Croy (204)orted that touch delivered BgRTS was
comparablan terms ofperceivedpleasantness and intensityrt@anually administeretdrush
stroking In the experimentseported herearticipants hadOcm longapertures drawn on their

forearmand palm(Figure 3). Thisensured the stimuli wesgplied to a consient area of skin.

10cm

Figure 3. The approximate location of the stroking areaghe palm and forearmsed in study 4in study5, a

10cm | ong aperture was marked on the dorsal surface o

At the beginningf each trial of a studyhe velocity (Study 4 & 5) anldcation (Study
4) of the touch wasignalled tothe experimenter on a computer screen located behind the
participant. This was followed bythreesecondvisualcountdownbeforea visual metronome
appeared to guide the experimenter in delivering the correct velocity of stirakeountdown
ensured the stroking began as close to the start of the metronome as possible. The visual
metronome Figure 4) was custom made for these studiegnsureaccurate and consistent
stroking velocitiesacrosstrials. The metronome was designed inrFEime 2.0 (Psychology

Software Tools, Pittsburgh, PA)y first drawing alank canvas figure. An empty rectangle

31



was then drawn on this representingifem long sokinga per t ur e on t he part
The rectangle then filled at the velocitegignated for the current trial. In Study 4, these
stimulations lasted for the duration of the 5s stroking period. Strokes beginning proximal to

distal were continuouslg d mi ni st ered to the area between t

arms. In Study 5, a single proximal to distal stroke was administered.

Figure 4. A screen shot showing the metronome during one of its runs. In Studymetiaznome ran back and
forth for five secondsstimuli were matched for contact time on the sKime red metronome line represetha
proximal to distal stroke wheasa white metronome represedistal to proximal strokes. Study 5 had only

one colour mtronome as participants receiveedingle stroke per trial irrespective of velocity.
2.2. Touch Videos

Walker et al (2017) created a series of videos depicting touch deliveredatiGial
and norCT-optimal velocities. These videos were createth&asure the vicarious affective

response to dynamic social touch, comparing ratings across sites hypothesised to have

differing innervationdensitiesof CTs. In three of the experiments presented, participants
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watchedhesevideos depicting one actor tcuing the upper body of another actbheactors,

(one male and one femalserestanding in front of a white screen. To minimise the effect of
social context and tegown representation of the touch, only the touched location and the

t o u c h ewet sisibke meach shot{gure5). The videos lasted for five seconds showing
constant stroking touch (or skin to skin contact in the static touch conditien)deos showed

touch deliveredo five locations (palm, ventral forearm, dorsal forearm, upperartback)

at three different velocities (static touch, 3cm/sec and 30cmMe&tudy 3 an extended
selection of videos were used. These depicted touch at three velocities (static, 3cm/s and
30cm/s) across four locations (Palm, ventral forearm, uppeaadiback). Analyses showed

no difference in ratingbetween thesavo sets ofvideos so they were all included in further

analyses (se€hapter 5, Figure 20.
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Figure 5. Screen shatdepictingstills of each body location beirggroked Only the location being touched and
the toucher 6s ar m (from&alkehebah2017¥hese videes sepicted todch a five locations:
palm, ventral surface of the lower arm, dorsal surface of the lower arm, upper arm andtbeath Af these
locations, touch was delivered at three velocities: static, 3cm/s (optimal for CT stimulation) and 30cm/s (non

optimal for CT stimulation).

2.3. Ratings Scales

In gudiesl to 4 participants rated how pleasant and /or intense the touch they received
Iviewed was perceived to bk studiesl and3,adultpar t i ci pants were ask
pl easant was that action for the plketshen bei n
touc hed | Thése wetelarswePed orsevenpoint Likert scale running from 1, very
unpleasant/not at albt7, very pleasant/very much.dthese scales are the same as those used

in Walker et a(2017).

Study2 was conducted on young childragedbetween7and 1Hler e, a fismi | ey
scale which had previously been used successfully with children in this age group was
employedCascio, Lorenzi, & Baranek016; Croy et al 201). Immediately &erthe children
hadwat ched each video they were asked AHow ni
touched?0 and AHow much woulTheygnswered usikgeghet o b €

scale depicted iRigure 6.

How nice do you
think it was for the

person being
touched?
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Figure 6. In gudytwo, the response scale used was one previously validated in sensory studies with children in

this age grouf-12, (Cascio et al 2016; Croy et a22017.

As qudy 4 wasan extension of the facial EMG study conductedPbyling,Cannon,
et al.,, (2017) the same respea scale was used. Specificallyarticipants rated touch
pleasantness onl®0-pointvisual analogue scalei t h anchors finot at all
p | e a.sTleersdalé was coloured to represent a tempertiterecale with the negative (not
at all pleasant/not at all intense) appearing at the red end of the scale and the positive (very
pleasant/very intense) appearing at the green end of the€Ricalee 7). Participants answered
twoquesti ons fndsothat tquébee asmcht iHow i ntense was th
each stroke.To avoid confusion, the order of pres&tion of the two questionsvas
counterbalancetetween participantbut not trials/blocks While in previous CT focused
studiesparticipantsare typically asked to rateow pleasanthey perceived théouchthey
received to bat has beetess common to ask how intense the sensatasnThe ratonale for
using thentensityscalecame froma study conducted Biakemore et al (2006yho reported
t hat participant w iatedvibrdiastite estinmileas ndose intensa tthan o me

typically developing individuals.
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How pleasant was that touch?

not at all pleasant very pleasant

Figure7.InStudy4par ti ci pants rated fAHow pleasant was that to
on a 100 point Visual Analogue Scalde scalalepicteda colourgradient between r@d, negative and green,
positive anchor point. As wititudiesone to thregthe lowest anchor point represented a negatvsationpr a

lack of intensityand the highest anchor point a v@gsitiveor intensesensation.

2.4. Facial Electromyography (EMG)

In studies3 and4, facial Electromyography (EMGyasused to measure physiological
responses to affective toudfacialEMG measureglectricalactivity over facial musclewith
increasedactivity reflecting greater contractianf the underlyingmuscle.ln the experiments
reported heresurfaceAg-AgCl eledrodeswereused. Tanaximisesignal quality prior to the
attachment oélectrodesthe skin surfacevas cleansed with a faciish therightly abraded
with a small scouring pa@drridlund & Cacioppo, 1986 his processemowed dead skin cells
from the surface of th&ace,thus reducinglectrial impedanceFinally, a small globule of
conductive gel (SignaGel, Parker Laboratories, im@$ placed in each of the clesd

locations to ensurelose adherenaaf the electrode® the skin
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. « Grounded Reference

. . «—§ Corrugator Supercilli

Zygomaticus Major

Figure 8. Set up showing the location of electrodes for EMG measurements. Two on the cheek running from the
corner of the mouth in line with the earlobe measure Zygomaticus Major activity. Two placed above the left
brow measure activity of the Corrugator Supereifid one electrode placed near the hairline acts as a reference

electrode (based oran Boxtel, 201Q)

2.4.1. Locations of interest

To minimise the effect of externatlectrical interference, aeh electrodewas
individually grounded Location of the kectrodeswas approximate, based andividual
par t i cfacmlagstractire. e Corrugator Supercilli (CS) muscle runs above the
participantdés brow toward the nose and the
cheek from the corner of the mouth to the ear lobe Fggare 8) (Fridlund and Cacioppo,
1986) To ensure electrodémd beermplaced in the correct locatisnparticipants were asked

to smile and frown tactivatethe ZM and CS respectively. Howevéw,avoid any influence
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of demand characteristics on task performapadicipants were not asked to do this until after

the experimentvas over.At the start of the experimenparticipantswere informed these
electrodes were measuring activity inithfeontal lobe. This is the same cover story used by
Pawling et al (2017)The aim of this initial deception was to ensure that the EMG activity
recorded was the result of implicit affective responses to the touch as opposed to explicit

responses due to demand characteristics.

A number of studies have shown that ZM activity is esded with the experience of
positive affect and CS activity conveys negative affégistein, 1990; Larsen, Norris, &
Cacioppo, 2003; Tan et al., 201Furthermore it is typically shown that ZM and CS muscles
have a differential relationship whereby increasaciivity in oneis associated with@ecrease
in the activity of theother(Larsen et al., 2003Pawling, Cannon, et al (201has recently
reported that touch that specifically targets CTs results in greater ZM activity thadTnon

targeted touch.

2.4.2. Data Processing EMG

The EMG data wer collected on a laptop running LabChart 2rb (ADInstruments,
Oxford, UK),triggers relating to the start of the metronome countdown and the type of stimulus
being deliveredvere sent via the computer displaying the metronome. Further triggers were
sentto markthe start/end of the stroking period and the end of the subsequestrp&sig
period. The EMG data were initially full wave rectified to allow for meaningful summation
(van Boxtel,2010) These data were then extracted usiegsiommademacro in LabChart.
Average peak amplitudes were taken in 100ms time bins abei3300ms baseline. A further
50 time bins were taken from the stroking period (100ms bins x 5000ms period) and 30 time
bins were taken from the post stroking period (100ms bins x 3000ms period). Data were then
imported into SPSS where they were graphed. faepagraphs were created for each
participant with individual lines representing each of the different trials in the study. The data
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were eyeballed to determine the trials where baselines were contaminated by noise e.g. those
that were deemed to have peakplitudes far larger than the norm. These trials were then
removed. Next percentage change scores were calculated for each data bin and in the first
instanceany change score over 500% was removed. In a final &t@jole cohort average

was taken andrny data pointt3SD of this mean asremoved.

2.5. Electroencephalography (EEG)
2.5.1 Data Processing EEG

A 64-channel activeslectrode BioSemi v.7.07 (BioSemi, Amsterdam, NL) system was
used. Data were collected using ActiView (BioSemi, Amsterdam,thir) analysed using the
EEGIlab toolbox Delorme & Mekeig, 2004 for Matlah An online filter of 0.1Hz then an
offline 0.1Hz40Hz bandpass filter was applied to the data. In line with past research, data were
collected online at 512Hz then offline down sded to 256HZ Ackerley et al., 2013)Data
wereaverage referenced acrossedictrodesThe data were epoched to remove betweah
data and excessively noisy trials were removed manugilg noisy trials were selected by
scrolling through the epochs and choosing any with excessive interference from muscle activity
or drift, not otherwise removed through filteringll Adarticipants retained over 80% of trials
(trials removed M=11.6, SD=6.2). Next, independent components analysis (ICA) was run on
each data set, extracting 63 components. Noisy components were removed basgiioalind
topographical heat maps (components remove@®.58- SD=0.8). Data were averaged into
categorical epochs representing-@dtimal and nofCT-optimal trials. These epochs were

then grand averaged across participants.

To measure earlgesponses, dataane extracted from central electrodes Pz, Cz and Fz
(blue, Figure 9. Peak amplitude measures were taken fBA®600ms after stimulus onset;
this represented a region where the largest peak amplitude appeared in tAeh&dePdata
were compared directlybetween Cloptimal and nofCT-optimal stimuli to compare the
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differences in A input for these two velocitief\s an additional control analysis, given the
slower conduction velocity of CTs, measurements were also taken 700ms later in the signal,
using the calculations for velocity x distance from the forearm to the cortex reported in
Ackerleyet al(2013). Thus, Wwen 30cm/sec stimulation produced a maxipeglk 500ms after
stimulus onset, data was extracted from 1200ms feofimal stroking. Thus, activation due

to the slower conduction velocity of CT afferents compared to fast condudbirsdféyents.

For eachparticipant, data were extracted from the pahmaximalamplitude in the ULP
(between 2800 and 3200ms), this data was compared to data from contralateral and ipsilateral
somat osensory fAarmo areas (el eccFigure@ddesan CP 3

ANOVA.

2.5.2 Components of interest.

EEGwaveformsare time locked to particular events and averaged across many trials,
in this way specific ERPs ardrawn from the signalERPs consist ofeveralspecific
components that todetr make up atandard waveformndividual components can tell us a
lot, about how different types of stimuli are proces$ent examplespecific components have
been found for face stimuli (N170), mismatched stimuli (N2) and salient stimuli (P3).
Specifically, the P3peak amplitude has been most commonly related to changes in arousal
state and attentional processes relating to stimuli that are ¢8iredtey, Keil, & Lang, 2012)
Thecomponents of intereshereas previous studies have repdrteat A targeted 30cm/sec
stroking produces a greater increase in sympathetic arous&thtargeted 3cm/sec strokes.
(Pawling, Trotter, et al., 201.7A second ERP component of interest is the ddtta potential
(ULP). Initially this componentwvas measured as a result of stimulatingdCiceptor fibres
(Bromm & Treede, 1987; Bromm, Neitzel, Tecklenburg, & Dellefede, 1983)This activity
has subsequentlyeen reported in response to -§decific stroking touct{Ackerley et al.,

2013) It is hypothesised that this ULP is a specific cortical signature of unmyeligated
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afferent activity both because these neurons have a slow conduction velocity and because they
induce activation in th&ontal regions where ULPs are measured. Specifically the ULP may
represent activity in the OFC or AQ8jornsdotter et al., 2009; Gordon et, @013; McCabe

et al., 2008; McGlone et al., 2012; Morrison, Bjérnsdotter, et al., 20h&)ERPs in Study 5

were time |l ocked to the breaking of a | aser |
the accuracy of stimulus onset. Furthermbre r e par ti ci pant s recei ve

stroke from the laser beam to a drawn black line 10cm awayigee 3).

Figure 9. An image showing the standa#d-electrodelayout based on the 180 systemThe electrodes of
interest are highlighted, blue represents electrodes useebfty peakanalysis and orange represents the

electrodeaised to characteristhe ultralate potential.
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2.5.3 Strengths and Limitations of EEG Research.

There are a number of reasons why researchers choose to use EEG to measure evoked
neural activity. One benefit is that EEG is cost effective with systems costing tens of thousands
of pounds instead of millions of pounds for magnetic resonance imaging) (&l
magnetoencephalography (MEG) systems. A further benefit of EEG is its superior temporal
resolution over blood oxygenation level dependent measures siMR RS ypically, the bran
processes information within millisecond® it is beneficial to bable to measure activity as
it happens.Figure 10, shows that EEGprovides thetemporal resolutiornecessaryfor
immediate measuremertiowever,its poor spatial resolution means the actual source of the
signal cannot be accurately determini@daddition it is important toconsiderthatsinceEEG
measues the direct activity of a firing neuron (or cluster of neurongs opposed to
haemodynamic responsi, can thereforetell us more about the specifiteural activity

associated with different stimuhan slower cortical metrics liké€MRI.
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Figure 10. A comparison of the relatitemporal and spatial resolutioorovided by a rangefaeuroscientific
methodologiesThe zaxis indicateshowmuch each othese methods interfere with brain activityindeed

how closely what imeasured correlatwith underlying neurahctivity (from Walsh & Cowey, 2000)

2.6. SelfReport Measure ofTrait Sociability.
2.6.1. Autism Specrum Quotient

The Autism Spectrum Quotie(AQ) (BaronCohen, Wheelwright, Skinner, Martin, &
Clubley, 2001)s a50 itemscale that measures autistic traits within a typical populafioe.
scale icomprisedive subscalesSocial Skill( e . g. Al p rvetfiatherthanoonmyo t hi r
o w n, &dmmunicatiorfe.g.fil e nj o y-c b a Btiergidn Switchingle.g.i 1 pr ef er t
do things the same ,lmnagnationeg.i Waed b&mrragdi ng)
can easily 1 magine what ant Attention tbodetalegfelr so fnmiegnh t

notice small s oun dheinterhatvalidity tf the sutsscalésoas determioed
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by Cronbach©és alspolows Soviad Skdl = 0. & pComntueichtiora= 0.65,
Attention Switching = 0.67 and Imagination = 0.65 and Attention to Detail = 0.63. However
for the full sc aé=0.88, suggestsnubeaorttle @uestienhapehaa a sinfle

scale is morealid (Austin, 2005)

Although the scale was designed to meathase individuahASD relevant traitsit has
been argued that four out of the five subscales (Social Skill, Communication, Attention
Switching and Imaginatiorip fact measure sociahteraction skills(Hoekstra, Bartels, Cath,
& Boomsma, 2008)In this study, 961 individuals were given a Dutch version of the AQ. The
four aforementioned subscales were all highly correlated from each lo¢heeen r=.53 and
r=.84. These four subscalesocial Skill, Communication, Attention Switching and
Imaginationwereanalysed both independently (in a five factor model) and together compared
to Attention to Detail as a hierarchical modssling confirmadry factor analysisHere, the
hierarchical model was the most accurate fit for these scales suggesting twas-taetor
model is the most appropriate use of this s¢alethermore, two further fact@nalytic models
of the AQ found factors relating toSocial Skills, Attention to Details and

Communication/Misreading (Austin, 2005, Hurst, Mitchell, Kimbrel, Kwapil and NeGay,

2007).Even here the strongest factor related to Social Skills~(85) and communication

could also be deemed a factor of sociability.

Participants rateachof 50 questiors on afour-point Likert scale, with the descripts
ADefinitely Agreeo, ASlightly AgreceForhafia SI i gh
of the questions,reswersii De f i Agretbe layn d MAGead g it & with @sol rared
ADefinitely Disagreeo an 0, hdif& thaggebtibns grer®verseagr e e
scored Thus, gores on the scalanrange from 660 with a typical population scoring 17 on

average. It has been reported that that over 80% of individuals diagnosed with ASD score over
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26 (WoodburySmith, Robinson, Wheelwright, & Bargbohen, 2005)In the latter study,
individuals were tesd using the AQ to determe whether the scale was appropriate for
clinical diagnostic purposes. This is specifically as the original scale was mainly tested on
typically developing individualsThe majority of individuals in this study with a prior

di agnosi s of A srplighFgnetioring AuBsynisabred26a above on the scale
indicatinga suitable cubff for clinically relevant autistic trait<Comparatively, a systematic
review reported that mean AQ scores in a typical population should range fro2010,.éhis

reduces the impact of the scale to a distribution not representative of the range of actual scores
across the population (Ruzich et al., 2015), making it difficult to interpret how these scores

represent autistic traits comparative to those diagnosed with ASD
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Chapter 3. High levels of Autistic Traits are not associated with reduced valuation of

vicariously experienced social touch.

3.1.  Introduction

Empathy is a function of social behaviour that allows and individual to understand the
sensations andmotions experienced by otheResearch suggests that empathic responses
come from mirroring ofanot her i ndi v stateZetety & Jazksant 20@in a |
Embodiment of aother indivd ual 6 s s omat o s leas mastr commentypbeeni e n c €
observed in vicarious responses painful stimuli (Jackson, Rainville, & Decety, 2006;
Morrison, Lloyd, di Pellegrino, & Roberts, 2004; Morrison, Tipper, Femtdams, & Bach,
2013; Singer et al., 2004)In such studies, individuals experiertbe negative emotional
components of touckpain) without the accompanying peripheral ingétvenanti, Minio
Paluello, Bufalari, & Aglioti, 2009; Jackson et al., 2006; Singer et al., 2@pBcifically,
Singer et al (2004) reportdéldat observation of a romantpartner in pain resulted in similar
activation in the 6épain matrix6é i.e. regions
when participants experienced the pain first hand. The one exception to this was that activation
in S1was not presenptc onsi st ent with this primary sens:s
somatosensorgensationsfurther suggesting that the vicarious experience of pain is affective
not sensoryin addition to mirrored neuronal activity, embodied responses to observing another
in pain can also be behavioural. For examplnm, Porges, Cacioppo, and Dec&008)
reported increased muscle activity, indicative of negative affect, when participants were asked

to imagine themselves in the place of a patient they watched undergoing a painful procedure.

Mirrored neuonal responses have also been reported during observation of emotionally
neutral and indeed pleasant stim{Bufalari & lonta, 2013; Chiesa, Liuzza, Macaluso, &

Aglioti, 2017)I n contrast to obser vi ngnbexofsiudibshavé s p a i

46



reported activationddld ur i ng o b s er v apainfol somatdsensoty bxparignse n o n
(Bolognini, Rossetti, Fusaro, Vallar, & Miniussi, 2014; Keysers et al., 2010; Schaefer et al.,
2012) For example, Schaefer et al (2012), reported activati@i oiuring the observation of

touch, specifically gentle stroking of tiegertipusing a paintbrush. Activation 8fLhas also

been reported during observations of interpersonal towgjgesting that the mirrdouch

response is not stimulus specifi@olognini et al 2014).

Several studies have reported mirrored neuronal respdosee® observation of GT
targeted touclfLucas et al., 2015; Morrison, Loken, et al., 20Ebyr example, Morrison et al
2011 reported significantly greater activation in the posterior insula cortex to observation of
CT-optimal compared to ne@T optimal velocity touch. Furthermore, psychophysical ratings
of observed touch have been reported tmsthhe same relationship between stimulus velocity
and perceived pleasantness as feeling that touch first hand (Morrison et al 2011 & Walker et al

2017).

Furthermore, Walker et al (2017) reported that touch wad eemost pleasant on skin
sitespositedto be more densely innervatedth CT-afferentsbased orgenetic molecular
visualisation of GLTMs in the mouséLiu et al 2007)and epidermal nerve quantification in
humans (Kennedy et al 200%jowever, individual differences a@bserved in ratings dfoth
directly felt and vicarious ratings of Gdptimal touch. For exampleatients suffering from a
rare congenital @ibre deafferentation rate both directly felt and observeeb@fimal touch
as less pleasant than control participants (Morrison etldl)2@Gurthermore, their ratings of

stroking touch do not show the usual velocity dependent pattern.

Variation in neural responses to and subjective ratings of directly felt touch have also
been reported as a function trait sociabi(iBenndt et al., 2014; Croy, Sehlstedt, Wasling,

Ackerley, & Olausson, 2017; Scheele et al., 2014; Voos et al., 2018)e most recent of
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these studies, a negative correlation between autistic traits, as meaghrdde AQ, and
sensitivity to the specific rewarding value of ©@ptimal stroking touch was reportédroy et

al., 2016)

Thus, the aim of the present study was to determine wheth@e\asusly reported for
directly experienced touch, individuals with high levels of autistic traits show a reduced
sensitivity to the specific rewarding value of @rgeted touch. Given the hypothesised social
function of CTs, it was predicted that, pagants with high levels of autistic traits wowddow
reducedatings of touch delivered at CT optimal velocity to CT innervated locations, compared

to those with low levels of autistic traits.
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3.2.  Method
3.2.1. Participants

Participants were 96 healthy males aged between 18 and 30 (M=21.26, SD=2.49),
recruited viastaff and studenémail lists at Liverpool John Moores University. Previously,
BaronCohenet al, (2001) reported that individuals from a science background shayleer
on the AQ(Baroncohen et al., 2001han individuals from an arts background. Thereftwe,
recruit a broad a range of A§goresgemails were sent out to subject lists relating to science,
technology, performing arts and Englisturthermore, to maximise the range of potential AQ
scores, only male participants were recruited in this instasceales, on average, score higher
on theAQ than femalesAll participants who completed the study were entered into a prize
draw to win a £50 gift voucher. This study received ethical approval from Liverpool John

Moores University research ethics committee.

3.2.2 Measures & Procedure

The recruitment email contained larief description of the study followed by the
Participant Information Shedt. after reading the information she@articipantsvere willing
to take part, they were asked to click dmyaetink, whichtook them to the ontie studyThe
study was conducted using Qualtrics software, Ver8@989of the Qualtrics Research Suite.
(Copyright © 2015 Qualtrics., Provo, UT, USA. http://www.qualtrics.cddtart and end time

of survey completion wagcorded. Mean time online was.Imins(x SD 3.19mins).

3.2.3. Participant Screening

An initial set of screening questions determined study eligibility. Participants were
asked to answer fitrueodo or fAfalseo0o to indicat
sheet and agreed take part. They were also asked whether they were male and aged between

18 and 30 years ol d. I f a participant respon
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function was implemented, so that these participants were thanked for their interéstrand

directed to the end of the study, thus excluding them from participating.

3.2.4. Demographic Information

I f they fulfilled the studyo6s inclusion c
guestions relating to their age and ethmackground. Participants were also asked to provide
information about any current or past mental illnesses they have experienced, or treatments
they might have received. In this study 22% (n=21) of participants had a curpast anental
health conditiorthese included three participants diagnosed with ASD, 11 with Depression,
three withBipolar, four with an Anxiety disordetJsing history/no history of mental health
condition as a between subjects Factor, there was no significant effect of mentabhealth

pleasantness rating%1,90)=7.41p>.05.

3.2.5. Autism Spectrum Quotient

Participantsthencompleted the AQseeChapter 2 for full descriptior).

3.2.6. Touch Videos

Participantsubsequentlyatched a series of 15 videos depicting touch betwesada
and female actor with minimal social context (€&apter 2 for full descriptior), these videos
were previously used iWalker, Trotter, Woods, et al (2017)he videos showed one actor
being towhed by another actor at five body locations (palm, dorsal forearm, ventral forearm,
upper arm and back) these were delivered at three velocities (static touch, 3cm/sec and

30cm/secVideos were presented in a random order

Immediately after watching each video participants were asked two questions. The first
qguestion AHow pleasant do you think that act
the empathic ability of participants to determine how the touch receivibe wmideo felt for

the receiver. The second gquestion fAHow muct
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guestioned participaris p e rdesicetoadceive the touch depictétus,the twoquestions

were hypothesised to measure different types of cognitive ablllg. first question is
specifically measuring the cognitive empathy necessary to understand how the individual in
the video is feeling during the action. The second questiomsdiathow participants can take

the empathic response and understand how the touch would feel to them, an embodiment of

the actionQuestions were always presented in the same order.

3.2.7. Data Analysis
Data were analysed using SPSS (IBM Corp. Relea82d.2BM SPSS Statistics for

Windows, Version 22.0. Armonk, NY: IBM Corp.).

Participants were separated into thsemilar sized groups based on theaores on the
AQ. The first group consisted of participants who scordd $n=31). The second group had
scores deemed to be average for a typical populatieB;16=33). The finajroup hadscores
associated with higlevel of autistic traits, scoring 239 (n=32). Three participantsported
havinga diagnosi®f Autism Spectrum disorder (ASDYnly two of these participantsadan
AQ score above 29, the typical boundary for individuals with clinical diagntteshird

scored 18.

In previous studies touch applied to closely adjacent areas of theabeaty 6 the
bodywasrated as equally pleasafitoken et al., 2009)Thereforeto increase power in the
statistical analysistating scores foneighbouringlocations were averaged togethEnus,
analysis was completed on three touch locations rather than five, i.e. dorsal and ventral
forearms locations were averaged intoanea r i dlowey @&r mé and wupper

were averaged into the var i avaslithethidlocatorer bodyd

A repeated measures multivariate ANOVA with within subject factors of Qug&ion

levels) Velocity (3 levels) and Location (3 levels) was used to analyse the video ratings data.
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AQ was included as a between subjects fa¢Botevels) Inspedion of model residuals
indicated @ta were normally distributedrinally, polynomial regression analyses were
conducted to determine whethearonsistent with previous findinggAckerley, Backlund
Wasling, et al., 2014; Essick, James, & McGlone, 1999; Loken et al., @G0Rer et al 2017)

for ratings of touch on CT innervated body sites, a quadratic term accounted for significantly
more of the velocity dependent variancelieasantness ratingsan a linear expressiowhere
assumptionsof sphericity were violatedGreermouseGeisser correction was appliedio

correct for multiple comparisons LSD posthoc tests were conducted on the data.
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3.3. Results

Table 1. Descriptive statisticshowing the number of participants in eagloupand the mean, standard

deviation and range of their scorea the AQ

Group n Mean SD Range
All 96 18.82 7.11 34
Low AQ 33 11.87 2.03 9
Average AQ 31 17.00 1.52 5

High AQ 32 27.52 4.53 18

As shown in Table 1, the average AQ score across the whole sample is representative

of a typical population average (AQ~XBaronCohen et al., 2001)
35
30

25

Frequency

Average AQ

10

1-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 A45-50
AQ Score
Figure 11. Frequency of AQ scores the sample.(n=96). Scores to the left of thiest vertical cut off line
represent the range of scores in the Low AQ group (M=11.87), between the first and second line are AQ scores
represented in the Average AQ group (M=17) andres to the right of the second vertiliaé representhe
High AQ goup (M=27.52).
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Groups were split to ensure equal numbers of participants in each group however, as
can be seen from Table 1, the range of scores in each group varies. Groups reliably

represented below average, average and above average scores resfieictivelyL ).

3.3.1. Full model

A repeated measures AN@Vwith the factors Question x Velocity x Location,
revealed a significant main effects of Location F(2,186)=21.49, p</0%,25 Velocity
F(2,186=21.61, p<.001/? =.23 and Question F(1,93)=26.07, p<.0@#,=.24 individual

analyses wretherefore completed on each question separately.

332.Question one: AHow pleasant was that act.i
A repeated measures ANOVA revealed a significant main effect of Location

F(2,94)=13.123p<.001 #* =.10 and of Velocity F(2,94)=32.675<.001/* =.19 as well as a

significant Velocity x Location interaction F(4,92)=6.§%;.001 #* =.12 . There was also a

significant threeway interaction betweehocation xVelocity x AQ group, F(6.5, 303) 2.14

p<.05, /2= .04,

Simple main effects analyses of the tway Location x Velocity interactiorF{gure
12) revealed that 3cm/sec touch was perceiwdak significantly more pleasant than both static
and 30cm/sec touclp £.001) at the two Cnnervated locations (lower arm and upper body).
This was not the case on the palm, where CTs have not been found, here static touch and

3cm/sec touch were rated equally pleasanp £.05).
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Figure 12. Mean ratings of all participants to the pleasantnekthe touch {/- SE bars).The Location x
Velocityinteraction revealed he t ypi cal inverted fAUO r ooptimatguehiof t ouch

rated as most pleasant speed of tqustshown

To further explore the Locatior Velocity x AQ interaction, individual repeated
measures ANOVAs were used to explore ratinfguchLocation and/elocity in each AQ
group individually(Figure 13). In the Low AQ group there were significant main effects of
Location F(2,60)=4.91p<.05, #* =.14 and Velocity F(2,60)=8.48p<.01, /#* = .22 There
was also a significant LocationVelocity interaction K2.88,86.50)=12.21p<.001, /> =.29
(Figure 13a). This groupshowed the greatest sensitivity to CT opfistanuli with significant
differencesbetween CIoptimal 3cm/s at all locatianexcept the palm where it was rated as
equally pleasant as static tou&imilarly, in the High AQ group there were significant main

effects of Location F(2,64)=4.2p<.05, /#* =.14 , Velocity F(2,62)=8.87p<.001, #/* =.23
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and a significant Location x Velocity interaction F(3.04,94.28)=402M1, #*=.12 (Figure

13c). Individuals with the highest number of autistic traits still ratedopiimal touch as
significantly more pleasant than static or 3ocm/sec t@aaddT-innervated locations (Lower

Arm and Upper Body)However,in the Average AQ grouphile there were significant main
effects of Location F(2,64)=3.9p<.05, #2=.11 and Velocity F(1.46,46.81)=6.4p<.01, /7

=.17 reflecting the preference @T-optimal touch at Ciinnervated locationsthere was no
significant Location x Velocity interaction F(4,128)=1.p8.36 (Figure 13b). To determine
whether this was due to outliers, Mahalanobis scores were calculated for each variable and
compared using chi squared. None of the Mahalanobis scores were signifigan0Git

suggesting scoredl &ll within a normal range.
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To further investigate the Location x Velocity interactions, linear and quadratic
polynomial regression models were used to define the velplafsantness relationship for
each AQgroup individually. Only in the Low AQ groupgid a quadratic term provide a
significant fit for ratings of touch on the Lower Arp<(01) and Upper Bodyp<.01). In this
groupa linear term provided a significafdr ratings of touch on the palnp<.05) asstatic
touch was more pleasant that other velocitiesvever,in the High AQ groumeither quadratic
nor linear terms explained a significant proportion of the variance in ratings (@8). Overall,
at CT innervated Locations, @ptimal stroking touls was deemed to be the mostgsant

Velocity of touch suggestg that even observed G&Jptimal touch is the most pleasant.

3.3.2.1. Question one: AQ group CT preference index

A preference idex was calculated to determiwbether degree gireference for CT
optimalvelocitytouch differed between AQ groups (TableD)is preference index was based
on theAffective Touch Indedeveloped by Croy et al (2017). Here the autlsristracted
ratings ofa norCT-optimal 30cm/s away from Gdptimal3cm/s then divided by the average
rating from three velocities (0.3cm/s, 3cm/s and 30cks3pite this being an affective touch
index, the authorgdid notconsider the @cm noRCT-optimal stroking in comparison to 3cm/s
whereas here both norCT-optimal velocities are considered in the calculation of CT
preference Here,average notCT-optimal (Ocm/sec and 30cm/sec) scores were taken away

from CT-optimal (3cm/sec) scores then averaged themselves:

(3cm/si Static) + (3cm/$ 30cm/s)

2

A repeatedmeasures ANOVA revealed a significant main effect Lafcation

F(1.75,162.62)=10.43, p<.004? =.17 reflecting the facthe hypotheticallymoredensely CT
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innervatedhe body sitei.e. Upper Body > Lower Arm > Palm, the greater the preferénice

CT optimal over norCT optimal velocities of touciHowever, there was rggnificant effect

of AQ groupF(2,93)=.64,p=.53. Despite the previously described differences between AQ

groups, tis finding suggestthese differences are not the result of an ecddusensitivity to

the CT targeted touch specificallthe main effect of Location is driven by greater

pleasantness ratings in the Upper Body compared to the Lower Arm and Palm.

Table 2. Preference index for Gdptimalvelocity touchat all locations separated by AQ group

Group Body Location CT Preference Index
Low AQ Palm -11
Lower Arm 1.02
Upper Body 1.19
Average AQ Palm .36
Lower Arm 1.04
Upper Body .94
High AQ Palm .53
Lower Arm 1.23
Upper Body 1.25

333. Question two:
A repeated measures ANOVA revealed a significant main effect of LocE{ibr94)=
26.79,p<.001, 7 =.37 and Velocity, F(2, 94)=25.27 p<.001, #* =.36. There was also a
significant Location x Velocity interactioR(4,92=36.74,p<.001, #*> =.28 (Figure 14) anda
significant interaction between Location x Velocity x AQ grop,#0=14.35p<.05, #*=.08.

Simple main effects of the Location x Velocity interaction revealed thapimal stroking

fiHow much

woul d

k e

t

(0]



was the most desired velocity of touch at-i@erated Locations(ps<.05) Furthermore, as
with ratings of perceived pleasantness, Hereatings of desireCT-optimaland static touch

did not differ at the Palr{p>.05)
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Figure 14 Aver age ratings for Question 2 AHow much would vy
innervated Locations (Lower Arm and Upper Body);@pfimal 3cm/s is rated as the most desired velocity of
touch. Consistent with the findings reportedWalkeret al (2017) there is no significant difference between

ratings ofstatic and3cm/sedouch on the Palm.

Individual repeated measures ANOVAs were used to explore the Location x Velocity
x AQ group interactionFor the Low AQ group significant main effe of Location
F(2,60)=10.39p<.001, #* =.17 and Velocity F(2,60)=11.31p<.001, /#? =.23 were found

Furthermore there was a significant Location x Velocity interaction F(2.89,86.54)=16.60,
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p<.001, #?* =.35 (Figure 15a). Similarly, in the High AQgroup,there were significant main
effecs of Location F(2,62)=17.0<.01, /#* =.15, Velocity F(1.60,49.72)=7.04<.01, /7
=.18 and a significant Location x Velocity interaction F(2.79,86.47)=3m805, /> =.09
(Figure 15c). However, forthe Average AQ@rouwp, whilethere were significant main effects
of Location F(2,64)=5.65p<.01, #* =.17 and Velocity F(1.86,49.81)=3.7H<.05, #* =.15
there was no significant Location x Velocity interaction F(2.95,94.39)=f>205 (Figure

150).

Simple main effectainalyses of the Location x Velocity interactshowed thatin
the Low AQ group,3cm/secstrokingwas rated as more desireslsignificantly more desired
than static or 30cm/sec stouchbath CT-innervated locationsampared to not€CT-optimal
velocities(all p<.001), furthermore there was nagsificant difference between staand CF
optimal velocity stroking on the Palm (p>.0%).the High AQ group CJoptimal touch was
only rated as the most pleasant for the Uity location, at the Lower Arm 3cm/s was not

significantly different from notCT-optimal 30cm/s.
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Figure 15. Mean ratings of touch desire for each of the AQ groups (SE ég)re 15a, shows differences in
touch desire ratings for Low A@igure 15b, is ratings for Average AQ arkigure 15c, represents ratings in

High AQ (** denotes p<.01 and * is p<.05).
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To further investigate the Velocity x Location interactionsresgion analysesere
again coducted to investigate the velocitesire relationship in each AQ group individually.
In the Low AQ group, a linear term provided a significant fit for the ratings of touch on the
palm (p<.01) and a quadratic term describes a significantiiainod the variance in ratings of
different velocities of touch on the lower arm and upper body (p< .01 & p< .05 respectively).
However, inthe High AQ groumeither a quadratic nor a linear term provided a significant fit
for ratings of touch on the lowerm upper bodyor palm(all p> .05).Again, in line with
ratings of perceived pleasantnessall groupsparticipants rated Goptimal touch at CT
innervated locations as the most desired. In the Average and High AQ groups however, this

was lesgonsistent with fewer significant differences between velocities.

3.3.3.1. Question two: AQ group CT preference index.

A CT preference index was calculated for Question two (Table 3). A repeated measures
ANOVA revealed a significant main effeat Location F (1.75,162.73)= 8.2§<.01, #* = .16
but there was no significant effect of AQ grokf2,93)=.26, p>.05. This shows that, the
significant differences between AQ grougd not reflect a specifipreference for C-bptimal
touch over norCT-optimaltouch In terms of location the indices follow the predicted trend
whereby the largest preference index for-@pfimal touch is measured where CTs are
hypotheticallymost innervated (the UpperoBy); further suggesting that innervation of CTs
directly affects the desire to receive @ptimal touch.Again, CT-optimal touch is most
desired on the Upper Body where there is a greater innervation of CTs, at the Palm where no

CTs are found there is less CT preference.
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Table 3. Preference index for Goptimal speeds at all locations, by AQ group.

Group Body Location CT Preference Index
Low AQ Palm .08
Lower arm 1.09
Upper body 1.19
Average AQ Palm 22
Lower arm A7
Upper body 94
High AQ Palm .51
Lower arm .81
Upper body 1.25
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3.4. Discussion

Consistent with previous findings (Walker et al 2017), in the present study, touch
observed at CT optimal velocity, at CT innervated locations was rated as more pleasant than
nonCT optimal touch. Furthermore, touch ke tuppetbody, was rated as more pleasant than
touch on the lower arm and palan finding consistent with the greater invegron density of

C-fibres hergLiu et al., 2007; Kennedy et aQ05)

Consistent with previous reports of directly felt touichthis study ratings of observed
touch varied as a function of participants®o
the lowest scores on the AQ showed previously reported relationships between stimulus
velocities and perceived pleasantnesish touch on CT innervated eit showing a quadratic
relationship between velocigndpleasantness ratings, while touch on the-@dninnervated
palm showed a linear relationship between the speed of touch and perceived pleasantness. That
is, here stat touch was rated higher than moving touch. In contrast, while average and high
AQ groups did rate CT optimal touch on CT innervated skin sites as more pleasant than faster
and slower speeds, the data were not described by a quadratic function. Adglitioriaése
groups, ratings of touch on the palm were not described by a linear fuittese data suggest
that there was less difference betwdemnaffective ratings d€T-optimal and norCT-optimal
velocities in the High AQ group, despite these dédfeces being significant. The polynomial
regression allows fax more direct measure of the relationship between these Velocities within

each Location.

While preference for CT over nédT velocity touch was greater on the uppedy
than the lower arm angalm, levels of autistic traits did not affect tlaective preference.
Thus, in contrast to the study hypothesis, differential ratings in the high versus low AQ groups
do not reflect a specific reduction in sensitivity to CT targeted touch. This dirwintrast
with the previously reported negative relationship between autistic traits and preference for CT
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targeted touch (Croy et al 201@&)ough it should be noted thdiffering formulae wereised

to calculate CT preference in the present stitythermore, findings fronvoos et al (2013)
revealed significant negative relationship between autistic trait scores and activity in the
posterior superior temporal sulcysS{TS during affective touch stimulation, suggesting an

effect of trait sociabity on the processing of CT stimuli.

It is noteworthy that individuals with the lowest number of autistic traits rated static
touch on the palm as mepleasant and more desired than either 3cm/se@aon/3ec strokes.
This contrasts with previous studigkere static touch on the palm was not rated more pleasant
than CTFoptimal touch (Walker et al 201 QT afferents have never been foundhe glabrous
skin of humansyet one explanation for thinding is that static touch on the palm is typical
of sacial interactionswhether as a form of neverbal communication between individuals or
a means of providing support to oth@€oan,Schaefer, & Davidson, 2006; Fisher, Rytting, &
Heslin, 1976; Johnson et al., 2013; Weekes, Kagan, James, & Seboni, [L89B)teresting
to note that, when diregtexperiencedCT-optimal touch a the palm is consistently rated as
similarly pleasanto CT-optimal touch in CTinnervated locationgMorrison, Loken, et al.,
2011) Taken together, these findings suggest that ratings in the present study may reflect the
learned quality of prosocial interactiofddcGlone et al., 2012However, contribution of A
afferents to the emotional processing of touch have not been widely exfii@égpothesised
that gentk touch to an A innervated surfacalso result in a positive affective valence similar
to CT-innervted sites~urthermore, Ellingsen et al (2016) discussed howdtmgn context can
modulate the perception of touch making past tactile interactions likely to affect future

experiences.

The questions presented to participants in this study mehsirability to experience
empathically the touch depicted in the videos. Theoreticallyood empathic ability would

show the most similar ratings of pleasantness and desire that first hamti@al touch elicits.
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However, akey limitation of this study is that particp a trdit @mpathic ability was not
measuredThe empathic ability of participants has been shown to affect their ability during
tasks of embdiment or vicarious experiend&aplan & lacoboni, 2006; Minidaluello,
BaronCohen, Avenanti, Walsh, & Aglioti, 2009; Rueda, FernanBerrocal, & BarorCohen,
2014) therefore it would have been prudent to consider how this may have affected participants
ratings of the videos. Furthermora,ienportant consideration in reseawith individuals with

ASD is that many researchers have shown the ability to cognitively empathise is atpieal
emotional empathgppeargypical (Dziobek et al., 2008; Mazza et al., 2014)individuals

with the highest number of autistic taiwere comparable to individuals with ASD then it
would be expected that empathic ability woaldo belower in this groupThis would result

in atypical vicarious experience and subsequatihgs of both pleasantness and desire for
observed Cloptimal touch However, it is important to note that individuals with average
number of autistic traits were also not as sensititiedspecific value o€ T-optimal velocities

as individuals with the lowest number of autistic traits

A caveat to these results is witietnature of selfeport measurest is not possible to
ascertain how truthful participants are being when reporting their respdrgssmay be
particularly likely in an odine experiment as conducted here. Thus, cadimuld be taken
when considerig both the results of the ratings task and the subsequent information provided

by participants in relation to their trait sociability and demographics.

Given vicarious responses have been shown to reflect direct tactile experience it seems
likely that therewarding value oCT targeted touch is learn€sllorrison, Loken, et al., 2011)
Thus, it would be of interest to determine when developmentally this preference is acquired,
given the early idatification d somatotopic map@varshall & Meltzoff, 2015; Saby, Meltzoff,
& Marshall, 2013; Saby et al., 201%) future research, it wodibe beneficial to determine to
what extent the vicarious experiencefbéctive touch is a learned behaviour and the age when
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this is acquired. Research shows firat-handexperience of CIptimal stimuli elicits similar
responses to adults in infarfisairhurst et al., 2014; Kida & Shinohara, 2Q38)ung children
and adolescen({8jornsdotter, Gordon, Pelpéy, Olausson, & Kaiser, 201&roy et al., 2017)
This suggestthat children do indeed process -Gtimal stimuli and thus shoukkperience

the typically pleasant, rewarding benefits of these social tactile interactions
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Chapter 4. Childhood Experience of Vicarious Affective Touch in Typically Developing

and Autistic Children.

4.1. Introduction

It is not clear how children vicariously experience-@3imal stimul given the paucity
of evidence Croy et al (2017Yyeporteda positve correlation for an affective touch index
(preference for CIoptimal touch over other velocities) and participant age, suggesting that the
older a participant was the more they showed a preference foptial stimuli.However
the cortical representation of @¥ptimal stimuli is present in childreqounger than a yeaid
(Jonsson et al., 201&ida & Shinohara, 2013)Croy, Sehlstedt, et al, (2018howed that
children showed a preference for-@ptimal velocities of touch, whiishis is in line with what
is reported in studies with adults, it is not clear whether children experience the vicarious touch

as adults do.

Abnormal sensory responsivibas recently been added to the diagnostic criteria for
ASD (American Psychiatric Association, 2013)n particular, reference is made to
somatosensory experiences of pain, with studies suggesting-#@#6 of individuals with
ASD experience some form of sensory processing abnornfaigigenbaum et al., 2007)
These sensory deficits haveelneshown across all modalities however, there is a paucity of
evidence looking at deficits associated specifically with affective touch processing in ASD
(Cascio etal., 2012;Kaiser etal., 2015. Thesestudiesindicatedthat individuals with ASD
displayedreducedcortical activity inregionssuch as the pSTS and Insula coitexesponse
to CT-optimal velocity. Furthermore Cascio et al (2012) reported théeyond the initial
sensoryintegrationof stimuli in S1 and Slindividuals with ASD showed little other activity

in nonprimary somatosensory araascomparison to typically developing participants. These
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