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Abstract 

This thesis examines how individual differences in social traits relate to behavioural 

and physiological responses to affective touch. Over the last few decades the functionality of 

C-Tactile afferents (CTs) have been investigated, with researchers positing that CTs function 

to signal the rewarding value of social tactile interactions. Here, by exploring the relationship 

between trait sociability and affective touch perception this social touch hypothesis is 

explored. In the first three studies, the role of sociability on the vicarious experience of 

affective touch was investigated. In study one; the aim was to determine how trait sociability 

affected an individualôs vicarious experience of affective and discriminative touch. Here, 

individuals with the lowest number of autistic traits and theoretically the highest sociability 

were found to show the greatest sensitivity in their affective ratings of different velocities of 

touch, resulting in a significant quadratic relationship between non-CT-optimal and CT-

optimal stimuli at CT-innervated locations. In study two the aim was investigate the vicarious 

experience of touch in young children. Children both with a diagnosis of ASD (here theorised 

to be one extremity of trait sociability) and without ASD observed the same videos depicting 

social touch. It was found that young children (aged 7-12) did not show the typically 

observed vicarious preference for CT-optimal velocity touch. Furthermore, there was no 

difference between children with an autism spectrum disorder (ASD) and typically 

developing children in their affective ratings of the observed touch. Study three again took 

the same sample of videos and used facial EMG to see whether the explicitly rated vicarious 

preference for CT-optimal over non-CT-optimal touch could be detected implicitly. It was 

found that observation of CT-optimal social tactile interactions did not elicit the same 

affective responses that have previously been reported in response to directly felt touch. This 

finding is perhaps consistent with the rather weak affective response elicited by touch in 

comparison to pain, for example. The fact that self-reported levels of empathetic concern 
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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 present. In study four, the aim was to determine whether individual 

differences in trait sociability affected implicit affective responses to first-hand experience of 

touch. Consistently, participants will low levels of autistic traits (high trait sociability) 

showed greater zygomaticus activity, indicative of positive affect, during evaluation of the 

touch they received than those with high levels of autistic traits. Stroking touch elicited little 

activity in the Corrugator, indicative of negative affect, in either group. Finally, study 5 used 

EEG to determine how the cortical activity related to fast conducting Ab stimulation 

compared to later activity in response to slow conducting CTs. Specifically an ultra-late 

potential (ULP) was measured for CT-optimal stimuli. Furthermore, 30cm/s, which generates 

greater Ab stimulation than 3cm /s, elicited 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 suggest that touch, including touch targeted to 

optimally activate CTs is indeed processed differently, both physiologically and 

behaviourally, by individuals with different levels of autistic traits, whether directly felt or 

vicariously experienced. It is hypothesised that these differences s reflect variation in 

sensitivity to the rewarding value of social stimuli. These studies provide some of the first 

evidence that individual differences in stable personality traits are associated with differential 

responses to social / affective touch.  

  



4 
 

Acknowledgments 

Where do I start? The work in this thesis would not have been possible without the help 

and support of my three supervisors, Dr Susannah Walker, Dr David Moore and Prof Francis 

McGlone. Through our weekly meetings and her constant support during the most trying times, 

Susannah has made this a thoroughly enjoyable experience. Being the first student having 

Susannah as a Director of Studies, this could have been a difficult process for us both but, I 

have learned so much about who I am as a researcher and I have noticeably developed my skills 

in line with her vast knowledge over the last few years. I cannot thank her enough for the time 

and effort that has gone into mentoring me through this process and I am truly the researcher I 

am today because of her input. Second to Dr David Moore whose research expertise in autism 

and the broader autism phenotype has been key in the design and implementation of these 

studies. He helped to develop our connections with local autism support groups without which 

some of these studies would not have been possible. Finally, to Prof Francis McGlone, his 

contribution both to the field of CTs and to the thesis were invaluable for making this all 

possible. Francis has been supportive and optimistic providing wise words and anecdotes, 

guiding these studies and providing me with international stage on which to present my work. 

Outside of my supervisory team, I have received an immense amount of support 

through the Somatosensory and Affective Neuroscience Group here at LJMU. Not only are my 

three supervisors leading members of the ever-increasing group, a large amount of my research 

training came from Dr Ralph Pawling and Dr Paula Trotter, who began as Post-docs in the 

group and helped me with all aspects of my training and development. Ralph is the group expert 

on electromyography and he taught me everything I needed know in order to design and run 

the studies presented in Chapters 5 and 6. Ralph & Paula, have acted as the realistic mentors 

for my optimistic ideas, constantly helping me to consider my work from a different perspective.  



5 
 

Obviously, the years spent completing a thesis are not just about the work you complete 

in the university but about how you develop as a person outside of this too. Moving away from 

home into an apartment alone was difficult but without all the friends I have met in Liverpool, 

this would have been much harder. I first would like to thank Jamie, a lifelong friend who has 

been present throughout much of this thesis as a fellow PhD student. His constant monologues 

in support of my ability and talent have been precious in showing me that I can achieve 

whatever I want to if I put my mind to it. Secondly to Abbie, I would not have been able to get 

through all of the most bleak times without your daily phone calls or opportunities to get out 

of my ówriting zoneô when I needed it. To all my friends at Odeon, who have listened to me 

talk about my research for hours on end without complaint I thank them for showing real 

interest and questioning me about what it all means. To my office mates, Sharon and Tas we 

have been through all of the highs and lows together and are now submitting at the same time, 

thanks for being there and hearing my regular rants. In addition, to my PhD family, of which 

there are so many now it is illogical to name them all, from our lunch times at Nandos to our 

breakfasts at Moose, that regularly turn into debates about research, these have been the times 

that I have most enjoyed and will cherish always.  

Last but by no means least; I would like to thank my parents. Not only have they 

provided immense support for my move 100miles away, they have also supported me 

financially in this final year of my studies. It goes without saying that combining writing up a 

thesis with full -time employment is not a viable option and would test even the most capable 

researchers. By easing this pressure on me, my parents have allowed me to complete this thesis 

focused and determined, and this is not something that I have taken for granted. 

To all of you:   

Thank you!  



6 
 

Index 

Chapter 1.  General Introduction ......................................................................................... 11 

1.1. Primary Cutaneous Sensory Nerves & Receptors of Discriminative Touch ......... 11 

1.1.1. Central Projections of Myelinated Fibres .............................................................. 12 

1.2. Primary Sensory Afferents and Receptors of Affective Touch ............................. 13 

1.2.1. Central Projections of CTs .................................................................................... 15 

1.3. The Social Touch Hypothesis ................................................................................ 19 

1.4. Individual Differences in Touch Perception. ......................................................... 23 

1.5. Aims of this Thesis. ............................................................................................... 28 

Chapter 2.  Methods for Studying Responses to Affective Touch. .................................... 30 

2.1. Manual Stroking .................................................................................................... 30 

2.2. Touch Videos ......................................................................................................... 32 

2.3. Ratings Scales ........................................................................................................ 34 

2.4. Facial Electromyography (EMG) .......................................................................... 36 

2.4.1. Locations of interest ........................................................................................... 37 

2.4.2. Data Processing ï EMG ..................................................................................... 38 

2.5. Electroencephalography (EEG)..................................................................................... 39 

2.5.1. Data Processing ï EEG ...................................................................................... 39 

2.5.2. Components of interest. ..................................................................................... 40 

2.5.3. Strengths and Limitations of EEG Research. .................................................... 42 

2.6. Self-Report Measure of Trait Sociability. ..................................................................... 43 



7 
 

2.6.1. Autism Spectrum Quotient ................................................................................ 43 

Chapter 3. High levels of Autistic Traits are not associated with reduced valuation of 

vicariously experienced social touch. ................................................................................... 46 

3.1.      Introduction .............................................................................................................. 46 

3.2. Method ................................................................................................................... 49 

3.2.1. Participants ......................................................................................................... 49 

3.2.2 Measures & Procedure ....................................................................................... 49 

3.2.3. Participant Screening ......................................................................................... 49 

3.2.4. Demographic Information .................................................................................. 50 

3.2.5. Autism Spectrum Quotient ................................................................................ 50 

3.2.6. Touch Videos ..................................................................................................... 50 

3.2.7. Data Analysis ..................................................................................................... 51 

3.3. Results ................................................................................................................... 53 

3.3.1. Full model .......................................................................................................... 54 

3.3.2. Question one: ñHow pleasant was that action for the person being touched?ò . 54 

3.3.3. Question two: ñHow much would you like to receive that touch?ò .................. 59 

3.4. Discussion ............................................................................................................. 65 

Chapter 4. Childhood Experience of Vicarious Affective Touch in Typically Developing 

and Autistic Children. ........................................................................................................... 69 

4.1. Introduction ........................................................................................................... 69 

4.2. Method ................................................................................................................... 72 

4.2.1. Participants ......................................................................................................... 72 



8 
 

4.2.2. Measures ............................................................................................................ 72 

4.2.3. Procedure ........................................................................................................... 74 

4.2.4. Analysis.............................................................................................................. 75 

4.3. Results ................................................................................................................... 76 

4.3.1. ASD group touch processing: Sensory profile................................................... 76 

4.3.2. Question one: ñHow pleasant was that action for the person being touched?ò . 76 

4.3.3. Question two: ñHow much would you like to be touched like that?ò ............... 79 

4.4. Discussion .............................................................................................................. 83 

Chapter 5. The vicarious experience of social touch does not convey affective context. . 87 

5.1. Introduction ........................................................................................................... 87 

5.2. Method ................................................................................................................... 89 

5.2.1. Participants ......................................................................................................... 89 

5.2.2. Materials ............................................................................................................ 89 

5.2.3. Procedure ........................................................................................................... 92 

5.2.4. Analysis.............................................................................................................. 93 

5.3. Results ................................................................................................................... 95 

5.3.1. Pleasantness Ratings .......................................................................................... 96 

5.3.2. EMG ï Zygomaticus Major ............................................................................... 97 

5.3.3. EMG ï Corrugator Supercilli........................................................................... 100 

5.4. Discussion ............................................................................................................ 105 

Chapter 6. How Does That Make You Feel? The Effect of Trait Sociability on Implicit 

Emotional Responses to Affective Touch. .......................................................................... 109 



9 
 

6.2. Introduction ......................................................................................................... 109 

6.2. Method ................................................................................................................. 112 

6.2.1. Participants ....................................................................................................... 112 

6.2.2. Materials .......................................................................................................... 112 

6.2.3. Procedure .............................................................................................................. 115 

6.2.4 Analysis ................................................................................................................. 118 

6.3. Results ................................................................................................................. 119 

6.3.1. Pleasantness Ratings ............................................................................................. 120 

6.3.2. Intensity Ratings .............................................................................................. 121 

6.3.3. Zygomaticus Major .......................................................................................... 123 

6.3.4. Corrugator Supercilli ....................................................................................... 125 

6.4. Discussion ............................................................................................................ 127 

6.4.1. Ratings ï Pleasantness and Intensity ............................................................... 127 

6.4.2. EMG data ......................................................................................................... 128 

6.4.3. Conclusions ...................................................................................................... 131 

Chapter 7. Early and Late Cortical Responses to Affective Touch ................................ 132 

7.1. Introduction ......................................................................................................... 132 

7.2. Method ................................................................................................................. 136 

7.2.1. Participants ....................................................................................................... 136 

7.2.2. Materials .......................................................................................................... 136 

7.2.3. Procedure ......................................................................................................... 140 



10 
 

7.2.4. Data Analysis ................................................................................................... 142 

7.3. Results ................................................................................................................. 143 

7.3.1. Early components............................................................................................. 143 

7.3.2. Ultra-Late Positivity......................................................................................... 146 

7.4. Discussion ............................................................................................................ 150 

Chapter 8. General Discussion............................................................................................ 155 

8.1. Overview of the findings ..................................................................................... 155 

8.2. General discussion ............................................................................................... 157 

8.3. Methodological Limitations. ............................................................................... 162 

8.4. Future Directions ................................................................................................. 164 

8.5. Conclusion ........................................................................................................... 166 

References ............................................................................................................................. 168 

 

 

 

 

 

 

 

 

 

 

 



11 
 

Chapter 1.  General Introduction  

 

1.1.      Primary Cutaneous Sensory Nerves & Receptors of Discriminative Touch 

The sense of touch allows an individual to locate, interact with and distinguish between 

objects they come into contact with (McGlone, Wessberg, & Olausson, 2014). Anatomically, 

large myelinated A-type sensory fibres provide rapid information about stretch, pressure, slip 

and vibration. 

 

Figure 1. Innervation of the hairy and glabrous skin (from McGlone et al., 2014). Shown here are the afferents 

responsible for different functions of Somatosensation, divided into A-type (1.1) and C-type (1.2) categories. These 

afferents are further subcategorised depending on their activation properties and the stimuli they respond most 

prominently to. For example, Ab afferents that are rapidly adapting (for transient stimulation) are likely to be 

responsible for determining the texture of an object, and slow adapting afferents that provide a sustained response 

to skin contact, for detecting skin stretch and the continuous activation through static touch. Ad afferents on the 

other hand are responsible for rapid detection of painful stimuli. 

 This discriminative aspect of touch is sub-served by four different receptors: 1. 

Meissnerôs corpuscles, 2. Pacinian corpuscles, 3. Merkelôs disks & 4. Ruffini endings. Pacinian 

corpuscles are responsible for detecting rapid vibrations on the skin and Meissnerôs corpuscles 
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detect slower vibrations likely to be responsible for texture detection. These are both served by 

rapidly adapting afferents, which provide transient responses to stimuli, thus providing 

frequent rapid inputs relating to the texture of a stimulus (Figure 1). Comparatively, Merkelôs 

disks and Ruffini endings detect pressure and skin stretch respectively. These receptors are 

served by slow adapting afferents that produce sustained responses to stimulation (Figure 1).  

In addition, thinly myelinated, Ad fibres, with subtypes responding to mechanical, 

thermal and nociceptive stimuli, convey information to the brain at a medium velocity. Ad 

nociceptors are the peripheral component of what is termed First pain, conveying rapidly 

perceived, discriminative information about potential skin damage (McGlone & Reilly 2011) 

(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 (SII) 

which is theorised to integrate sensory input with motor input which may have a role in 

proprioception (Lin & Forss, 2002). S1 is divided into layers, each of which process input from 

different receptive fields on the cutaneous surface (Gardner, 1988). Each location on the skin 

is represented by a population of neurons in S1 meaning that somatosensory perception can be 

mapped onto the cortex (Nelson, Sur, Felleman, & Kaas, 1980). The cortical mapping in this 

region of the brain is represented by a sensory homunculus with more densely innervated body 

locations, resulting in higher tactile acuity, having greater cortical representation (Penfield & 

Rasmussen, 1953). This somatotopic organisation has been shown in infants as young as 7-

months old (Saby, Meltzoff, & Marshall, 2015) where stimulation of the foot or hand activated 

distinctly different regions of S1.  
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The plasticity of this somatotopic representation of the body is demonstrated by the 

changes in cortical structure of S1 observed in individuals affected by neurological damage, 

which results in atypical sensory experience. For example, individuals with Carpal Tunnel 

Syndrome show altered somatotopic organisation in S1 as a result of continuous stimulation of 

the trapped median nerve (Tecchio, Padua, Aprile, & Rossini, 2002). Furthermore, in the motor 

disorder Dystonia there is some evidence that disturbances of the sensory system may underlie 

aspects of its symptomology. Consistent with this, in an fMRI study, fingertip stimulation 

revealed differences in the patientsô cortical representation of these body sites compared to a 

healthy control group (Butterworth et al., 2003). In addition, in patients who have undergone 

limb amputation, changes in the cortical representation of the body are apparent. For example, 

in upper-limb amputees, the area of primary somatosensory cortex representing the face was 

found to shift several centimetres towards the area that previously received input from nerves 

supplying the absent limb (Elbert et al., 1994). This suggests somatosensory maps in S1 are 

dependent on regular activation of peripheral sensory afferents.  

1.2. Primary Sensory Afferents and Receptors of Affective Touch 

C-fibres are thin, unmyelinated, slowly conducting nerves typically recognised as 

encoding nociceptive and pruritic sensations. C-fibres are abundant in the hairy skin of the 

body. In fact, under electron microscopy 90% of nerve fibres found in the dermis were reported 

to be unmyelinated (Ebenezer et al., 2007). C-nociceptors are the peripheral component of what 

is termed Second pain. Their much slower conduction velocity means they have has little 

discriminative value but rather convey the negative emotional quality of the stimulus (McGlone 

& Reilly 2010; Bessou & Perl, 1969). The fact that, in addition to its discriminative function, 

there is also an emotional or affective dimension to touch has only relatively recently been 

recognised, with the identification and characterisation of a class of low threshold, 
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mechanosensitive C-fibres, which in humans are named C-tactile afferents (CTs) (Vallbo, 

Olausson, Wessberg, & Norrsell, 1993)  

C-low threshold mechanoreceptors (C-LTMs) were first identified in the cat; Zotterman 

(1939) recorded small amplitude impulses from the saphenous nerve during gentle stroking. 

He reasoned these were conveyed by small unmyelinated neurons due to their slow conduction 

velocity. Having now been identified in the hairy skin of a range of mammals (see Pitcher, Le 

Pichon, & Chesler, 2016), including humans (Nordin, 1990), their response characteristics have 

been mapped using the electrophysiological technique microneurography (MNG) (Vallbo and 

Hagbarth, 1968). MNG involves the insertion of a thin tungsten electrode (approximate tip 

diameter 5mm) percutaneously into individual cutaneous sensory nerve fascicles. These 

electrodes can then record the firing frequency of the nerve fibre in response to stimulation of 

its receptive field.  

Using MNG, originally unexpected slow velocity activation was first measured directly 

from the supraorbital/infraorbital nerves of the face (Johansson, Trulsson, Olsson, & Westberg, 

1988; Nordin & Hagbarth, 1989). CTs respond preferentially to slow, gentle stroking touch at 

between 1 and 10cm/sec (Vallbo et al., 1999), they have low mechanical thresholds of about 

0.23g (Nordin, 1990).  Recently, CTs have been found to be temperature sensitive, responding 

most prominently to  a skin temperature stimulus (32 degrees) ( Ackerley, Backlund Wasling, 

et al., 2014). Anatomically, CT afferents are found 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, 1993; Edin, 2001; Liu et al, 2007). 

Although one study reported C-LTMS were present in the skin of hind paw of rats (Djouhri, 

2016). 
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Physiologically, CTs have different characteristics to the Ab sensory nerves most 

frequently measured on the palm (Löken, Wessberg, Morrison, McGlone, & Olausson, 2009). 

For instance, after activation CTs may produce spontaneous discharges that could last a number 

of seconds post stimulation (Nordin, 1990b), though the function of this after-discharge is not 

known. Conversely, Ab afferentsô firing frequency is dependent upon a stimulus being in 

contact with the skin. That is, discharges stop as soon as stimulation ceases. Furthermore, CTs 

are highly fatigable; the first stimulation in a series results in a larger response and is perceived 

as more pleasant than subsequent stimuli (Nordin, 1990; Triscoli, Ackerley, & Sailer, 2014; 

Vallbo et al., 1999).  

1.2.1. Central Projections of CTs  

While discriminative tactile sensations are processed in S1, a number of fMRI studies 

have reported activation in dorsal posterior insula cortex in response to CT targeted stimulation 

(Björnsdotter, Löken, Olausson, Vallbo, & Wessberg, 2009; McCabe, Rolls, Bilderbeck, & 

McGlone, 2008; Morrison, Björnsdotter, & Olausson, 2011; Olausson et al., 2002). From the 

receptors in the skin, unmyelinated afferents project to the laminae of the spinal cord, with C-

type fibres projecting to lamina I & III in the dorsal horn. (Figure 2) (Sugiura, Lee, & Perl, 

1984). From here CT and C-nociceptor afferents project to the dorsal posterior insula cortex 

(Craig, 2009; Lamm & Singer, 2010). Increased understanding of the central projection, 

physiological and perceptual consequences of CT activating touch has come from two 

individuals with a sensory ganglionopathy acquired through a viral infection, which destroyed 

sensory afferent cell bodies in the dorsal root ganglion. As a result, while these individuals 

have lost all innervation of large myelinated A-type afferents necessary for discriminative 

touch, their C-fibre innervation appears to be intact (Figure 2) (Ceko, Seminowicz, Catherine 

Bushnell, & Olausson, 2013; Sterman, Schaumburg, & Asbury, 1980)., These individuals, IW 

& GL, show typical cortical activation in response to CT-optimal stimuli whilst showing no 
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activity in S1 during Ab targeted stimulation (Olausson et al 2008). Furthermore, the authors 

reported deactivation in S1 because of maladaptive supraspinal plasticity, an effect of spinal 

activity reported in individuals with phantom limb pain (Flor, Nikolajsen & Jensen, 2006). 

Here, in the absence of physical input individuals experience spontaneous sensations because 

of phantom activation in the spinal nerves.  

 

Figure 2. The functional properties of Ab and CT afferents and their central projections (from McGlone, 

Wessberg & Olausson, 2014). At the lowest level, Ab and CT afferents respond differently to stimuli. Where Ab 

afferentsô discharge frequency increases linearly with stimulus velocity, CTs respond optimally to stimuli of 

between 1-10cm/sec with a lower discharge frequency to slower and faster stimuli. These afferents project to 

different lamina in the dorsal horn, while Abs project via the dorsal column to primary and secondary 

somatosensory cortices, CTs are believed to project via the spinothalamic tract to the posterior insula cortex. 
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Similarly to the somatotopic representation of discriminative tactile input in primary 

somatosensory cortex, there is some evidence there is also a somatotopically organised 

representation of the body in the posterior insula cortex  (Björnsdotter et al., 2009). In an fMRI 

study, when individuals with sensory gaglionopathy and control participants experienced touch 

delivered at a velocity optimal for CT stimulation (CT-optimal touch, 1-10cm/s) (Löken et al., 

2009) on their arm and thigh, location independent voxel clusters were identified within 

posterior insula cortex. This topographical organisation for affective somatosensory input has 

also been shown in response to noxious heat pain, whereby stimuli applied to the hand, foot 

and face elicited distinctly different voxel clusters within the posterior insula cortex (Brooks, 

Zambreanu, Godinez, Craig, & Tracey, 2005). 

This topographical representation of body sites in the insula may affect the relative 

experience of CT-optimal touch at these locations. For example, in a psychophysical study, 

Essick et al (1999) reported that participants rated touch to the face more pleasant than touch 

to the arm, suggesting differences in the relative perception 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, 2009). Using a molecular genetic 

visualisation technique, Liu et al (2009) mapped the cutaneous innervation patterns of a 

MrgprB4+, gentle touch responsive C-fibre in mice. Their staining showed these fibres 

innervated the hairy but not glabrous skin and projected to lamina II of the spinal column. 

Furthermore, these fibres were more densely innervated on the dorsal than thoracic surface and 

more sparsely innervated in distal than proximal regions of the limbs. Maruyama et al (2012), 

reported that stroking to the back of rats resulted in a significantly larger release of dopamine 

within the nucleus accumbens than stroking to the front or hind limbs. Taken together, these 

studies indicate that touch at body sites densely innervated with C-LTMs may be more 

rewarding than at sparsely innervated sites. Consistent with these rodent studies, in humans 
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Walker, Trotter, Woods, and McGlone (2017) found that affective ratings of vicariously 

experienced touch match the hypothesised innervation density of CTs. That is, the highest 

ratings of perceived pleasantness were given for touch on the back and upper arm, in 

comparison to the distal regions of the limbs. It was hypothesised that these cutaneous 

innervation densities result in proportional representation in the insula cortex; typically, this 

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

innervation of Ab afferents resulting in greater tactile acuity and sensitivity.   

The posterior insula cortex is typically associated with functions such as homeostasis, 

emotion and interoceptive experience (Craig, 2003; Moraga-Amaro & Stehberg, 2012), with 

increased arousal and autonomic pairing between individuals receiving gentle CT-optimal 

touch (Chatel-Goldman, Congedo, Jutten, & Schwartz, 2014). The anterior insula itself is 

responsible for processing personal subjective experiences of stimuli (Craig, 2002; 2009; 

Lamm & Singer, 2010). From here, information is transferred to the Anterior Cingulate Cortex 

(ACC), which is highly functionally and anatomically connected to the anterior insula cortex 

(Craig, 2009). The ACC is posited to be responsible for emotion processing, reward 

anticipation and decision-making (Bush, Luu, & Posner, 2000), thus supporting the role of CT-

stimulation in affect and motivational behaviour.  

Strong functional connectivity between the insula and regions such as the amygdala 

and orbitofrontal cortex (OFC) link this region to processing information and underlying 

behaviour during social interactions and bonding (Uddin, 2014). It is therefore theorised that 

CT touch is a mediator for these social processes (Craig, 2009). Furthermore, these regions are 

associated with pain processing too, thus highlighting the social, motivational role that pain 

and pleasure have on behaviour. As 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). The relative latency 
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and theta synchronisation measured is purportedly the result of processing in the frontal regions 

of the brain where the ACC and OFC are located. Further, supporting the transfer of CT-

optimal stimuli processing from the posterior regions of the insula (Björnsdotter et al., 2009; 

Lucas et al., 2015; Olausson et al., 2008) to frontal regions of the brain (Lindgren et al., 2012; 

Rolls et al., 2003).  

In conclusion, affective touch, signalled by CTs is tactile perception with valence, 

motivational and arousal context (Harmon-Jones, Gable, & Price, 2012) the purpose of which 

is hypothesised to encourage and elicit positive social interactions between individuals where 

pain sensations inhibit these interactions. 

1.3. The Social Touch Hypothesis 

As discussed, CTs respond optimally to stimuli moving at a slow velocity, with a gentle 

force and at a temperature similar to that of human skin (Ackerley, Backlund Wasling, et al., 

2014; Rochelle Ackerley, Carlsson, Wester, Olausson, & Backlund Wasling, 2014). Such 

tactile stimulation is typical of that which occurs during comforting reciprocal interactions 

between individuals (Ackerley, Backlund Wasling, et al., 2014; Morrison, 2016; Schirmer et 

al., 2014). Given they project to brain regions associated with processing affect and reward it 

has been proposed that CTs form the first stage of a specialized pathway encoding socially 

relevant tactile information (Morrison, Loken & Olausson, 2010; Olausson et al., 2010). In a 

recent study, Croy et al (2016) observed participants whilst they touched: either an artificial 

arm, their partnerôs arm or held their baby. Participants were asked to stroke a region of skin 

marked out on each of these sites, for 30s with no other instructions relating to the stroking. 

For participants stroking their partnerôs arm or child, the velocity of stroking were consistently 

within a CT-optimal range with no participants stroking in a CT-suboptimal range. These 

findings demonstrate the social relevance of CT-optimal stroking, where participants 

spontaneously stroke at these velocities without any specific motivation to do so.  
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Affective touch plays a fundamental role in non-verbal communication and bonding, a 

key component of prosocial behaviour (Kirsch et al., 2017). Furthermore touch is an effective 

way to project emotional state and intent (Hertenstein, Keltner, App, Bulleit, & Jaskolka, 2006). 

For example, in what has been referred to as the óMidas touchô a brief touch between a 

waiter/waitress and their customer resulted in larger tipping, even though the customer didn't 

consciously rate the service as any better than individuals who were not touched (Crusco & 

Wetzel, 1984). This shows that the mere exposure to physical interactions can implicitly affect 

an individualôs appraisal of an interaction.  

Across a range of species, tactile interactions have been shown to benefit maturation. 

For example, touch sensitive development is observed in the nematode species Caenorhabditis 

elegans (Rose, Sangha, Rai, Norman, & Rankin, 2005). Individuals that were reared in isolation 

were significantly shorter and thinner compared with individuals reared in a colony. Isolated 

individuals also reacted to tactile stimuli less than grouped individuals did. Furthermore, 

Diamond, Krech and Rosenzweig (1964), found that enriching the environment of rats (i.e. 

incorporating miscellaneous objects into their environment) had a beneficial impact on 

chemical and physical development  of  the brain, highlighting the importance of sensory input 

to development. Further research has found that tactile input, such as handling, in early infancy 

decreases ratsô levels of stress reactivity (Champagne & Meaney, 2007) and acts to mediate 

negative responses to stress in later life (Alvarez, Levine, & Green, 2015). A seminal study of 

primate social behaviour found that infant monkeys were more motivated to interact with soft 

surrogate models that resembled their motherôs feel, as opposed to a wire mesh model which 

provided only food (Harlow & Zimmermann, 1959), thus 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 on infant health, growth and development (Bystrova, 2009; Diego, Field, & 
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Hernandez-Reif, 2014; Feldman & Eidelman, 2003). For example, ókangaroo careô skin-to-

skin contact between a parent and infant has been shown to increase the speed of maturation 

of preterm infants, with a larger increase in size and weight, and lower incidences of 

nosocomial infections, resulting in lower mortality rates than infants not receiving this contact 

intervention (Conde-Agudelo, Belizán, & Diaz-Rossello, 2011; Feldman & Eidelman, 2003). 

Furthermore, the autonomic stress responses of a preterm infants are reduced, helping to 

decrease the negative stress effects of preterm birth, including heart abnormalities and poor 

homeostatic control (McCain, Ludington-Hoe, Swinth, & Hadeed, 2007). Such early skin to 

skin interactions between an infant and primary caregiver do not only benefit the physical 

health of the infant (Hunt, 2008), but also the bonding between these dyads (Hunt, 2008; 

Tessier et al., 1998). Furthermore, massage therapy has been shown to improve the social, 

emotional behaviour and development of children with ASD, permanently changing 

undesirable behaviours (Escalona, Field, Singer-Strunck, Cullen, & Hartshorn, 2001).  

Recent evidence shows that touch for CT-optimal touch carries a positive motivational 

value (Berridge, Robinson, & Aldridge, 2009; Pawling, Trotter, McGlone, & Walker, 2017; 

Perini, Morrison, & Olausson, 2015; Triscoli et al., 2014) For example, Perini et al (2015) 

found that participants chose to repeat a CT-optimal stimulus more often than a non-CT-

optimal one. Also, while desire to receive CT-optimal touch decreases over time when the 

stimulus is repeated, the decline in liking was less rapid than for non-CT optimal stimulation 

(Triscoli et al., 2014). Recently, in an evaluative conditioning study,  Pawling, Trotter, et al 

(2017) found that neutral faces paired with CT-optimal touch were subsequently rated as more 

approachable than non-CT touch paired faces that were initially equally liked.  

Fairhurst, Löken, and Grossmann (2014) conducted a study on nine-month-old children 

who were stroked 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 recorded. During touch 
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delivered at 3cm/sec (CT-optimal speed), the childrenôs pulse rate decreased significantly more 

than in response to faster or slower velocity stroking. Furthermore, during CT-optimal strokes 

their attention was on the brush for significantly longer than with faster or slower control trials. 

Recently in adults too, CT optimal velocity stimulation was found to decrease heart rate to a 

significantly greater degree than faster, non-CT optimal strokes (Pawling, Trotter et al (2017). 

However, further evidence suggests that this relaxation effect is not necessarily CT specific as 

a similar increase in inter-beat intervals was also reported for 3cm/sec stroking on the palm of 

the hand (Pawling, Cannon, McGlone, & Walker (2017). Also, in this study, facial 

electromyography was used to compare affective arousal responses to CT and Non-CT targeted 

stimuli.  A location and velocity specific increase in Zygomaticus Major activity (the muscle 

responsible for smiling), was reported in response to CT optimal velocity touch on the forearm, 

suggesting that, consistent with other behavioural observations, touch which targets CTs 

carries an implicit positive affective value.  

The cortical mechanisms and subsequent behavioural consequences of 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, 

Björnsdotter & Olausson, 2011). This effect is likely the result of the human ability to 

empathise with otherôs cognitive and emotional states (Kaplan & Iacoboni, 2006; Vachon-

Presseau et al., 2012a). This is 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 socio-emotional behaviour, such as the anterior insula, anterior cingulate 

cortex and temporoparietal junction (Bufalari & Ionta, 2013; Gordon et al., 2013; Morelli & 

Lieberman, 2013). In two separate experiments Morrison et al., (2011) reported that both 

receiving and observing CT-optimal touch resulted in  selective activation of the posterior 

insula cortex and not S1. Furthermore, participants rated the toucher more pleasant and likeable 
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after observing reciprocal interactions between a confederate and researcher (Schirmer et al., 

2014). It was also reported that the toucher was attended to more often during subsequent 

viewing periods.  Furthermore, the observation of images depicting social tactile interactions 

(bonding stimuli) has been reported to increase participantôs subjective feelings of sociability 

and  lower feelings of isolation and increase activity in comparison to controls who observed 

stimuli with no social interaction (non-bonding stimuli) (Campagnoli et al., 2015). 

1.4. Individual Differences in Touch Perception. 

Individual differences in sensory fibre innervation density have been shown to affect 

not only an individualôs direct experience of touch but also their vicarious ratings (Morrison et 

al, 2011). For example, HSAN-V patients, who experience a progressive loss of C-fibres as a 

result of a heritable mutation, do not experience pain in response to typically nociceptive input  

(Minde et al., 2004) and do not show the typically observed preference for CT optimal velocity 

stroking touch (Macefield et al 2014). Furthermore, providing evidence that direct sensory 

experience shapes vicarious ratings, HSAN-V patients also show flattened ratings of observed 

touch. Neurally, these blunted ratings are associated with reduced activation in posterior insula 

cortex in comparison to healthy controls (Morrison, Björnsdotter, et al., 2011).  

Perceptions of somatosensory stimuli can also me modulated by contextual factors 

(Gazzola et al, 2012; McCabe et al, 2008). For example, Gazzola et al (2012) reported that 

when heterosexual males believed they were being stroked by a female experimenter they 

showed greater activation in S1 than when the same physical stimulus was believed to be 

delivered by a man. In fact, in trials where female touch was anticipated, S1 was active before 

the touch was applied. This 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 SI as a 

result of this female delivered touch.  Similarly, McCabe et al (2008) found the label  on a  jar 

of moisturizing cream being applied to participantsô arms modified their neural responses to 



24 
 

and explicit perceptual ratings of the sensation. Thus, when labelled ñrich moisturizing creamò 

there was greater activation in the pregenual cingulate cortex and higher ratings of sensory 

pleasure than when the same cream was labelled ñbasic creamò. Taken together, these findings 

indicate somatosensory perception is not just a result of peripheral stimulation but is affected 

by context dependent expectations.  

Interestingly a number of top-down, social and cultural factors can affect  how socially 

relevant touch is perceived. For example, in a large survey Suvilehto, Glerean, Dunbar, Hari 

and Nummenmaa (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 partners.  The areas perceived as most widely acceptable to touch were 

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 the stimulation, with skin-to-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, Ellingsen et al (2013) found that participantôs experiences of pain 

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 modulate 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 posited to affect 

the experience of touch for individuals most likely through top-down manipulations of 

experience. 

Beyond context dependent changes in cognitive state, individual differences in 

responses to both directly felt and vicariously experienced touch have also been shown to vary 
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as a function of stable personality traits (Krahé, Drabek, Paloyelis, & Fotopoulou, 2016; 

Schaefer, Heinze, & Rotte, 2012). Of particular relevance to the work reported here, trait levels 

of sociability, as determined using the Autism Spectrum Quotient (AQ) (Baron-cohen, 

Wheelwright, Skinner, Martin, & Clubley, 2001) have been found to be associated with 

variation in haemodynamic (Bennett, Bolling, Anderson, Pelphrey, & Kaiser, 2014; Scheele et 

al., 2014; Voos, Pelphrey, & Kaiser, 2013), psychophysiological (Peled-Avron & Shamay-

Tsoory, 2017) and behavioural responses (Mayer, 2017; Robertson & Simmons, 2013) to touch. 

Furthermore, these differential responses have been reported in response to both physical touch 

(Bennett et al., 2014; Scheele et al., 2014; Voos et al., 2013) and observation of touch (Peled-

Avron & Shamay-Tsoory., 2017) as well as  self-reporting of touch preferences (Mayer, 2017; 

Robertson & Simmons, 2013). For example, in an fMRI study, higher scores on the AQ were 

associated with reduced activity in key brains areas involved in hedonic processing, such as 

the posterior superior temporal sulcus (pSTS) and OFC in response to CT-optimal stimuli 

(Voos et al., 2013). In an ERP study, Peled-Avron and Shamay-Tsoory (2017) reported a 

positive correlation between levels of autistic traits and the peak amplitude of the late positive 

potential elicited by observing social touch. Here, AQ scores were also positively correlated 

with self-reported social touch aversion. Furthermore, in a recent CT focused study, individuals 

with high levels of autistic traits rated CT-optimal touch as less pleasant and reported having 

fewer social tactile interactions than participants with low levels of autistic traits (Croy, Geide, 

Paulus, Weidner, & Olausson, 2016). The 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, 2008) Taken together these results suggest variation in 

trait sociability affects both the perceived pleasantness for CT-optimal stimuli and how much 

an individual values social tactile interactions, providing further indirect support for CTsô 

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. 

Baron-Cohen et al (2001) reported that 80% of individuals diagnosed with ASD would achieve 

an score above 28 on the AQ scale however, it was also shown that a large number of otherwise 

typically developing individuals also fall within this range of scores, suggesting 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 DSM-V (American Psychological Society, 2013) categorises ASD as ñdeficits in 

social communicationò and ñrestrictive, repetitive patterns of behaviour.ò There is a large body 

of literature which suggests that sensory abnormalities contribute to the development and 

maintenance of the behaviours and social difficulties that characterise ASD (Crane, Goddard, 

& Pring, 2009; Haigh, 2018; Leekam, Nieto, Libby, Wing, & Gould, 2007; Ornitz, 1973). 

Indeed, sensory deficits now form part of the DSM 5 diagnostic criteria for ASD. In ASD, 

sensory abnormalities vary across modalities as there is a great deal of heterogeneity within the 

condition (Marco, Hinkley, Hill, & Nagarajan, 2011). Both noxious and innocuous sensory 

stimuli are believed to be processed differently from control participants (Prescott, Ma, & De 

Koninck, 2014). While hyposensitivity can be dangerous due to blunted behavioural responses 

to painful and damaging inputs, hypersensitivity may result in overstimulation from typically 

innocuous stimuli leading to a negative valuation or allodynic type response. Such differential 

processing of sensory inputs results in abnormal experience of the world, including the social 

tactile interactions, which are prevalent between an infant and their biological mother or 

caregiver. It is possible that modulation of CTs could impact both the experience of pleasant 

touch and the experience of pain. Specifically recent animal studies have shown that 

hypersensitivity to touch is reduced in C-fibre knockout mice (Seal et al., 2009; Lou et al., 
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2013). These studies further suggest that it is the processing of CT-stimuli 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 have reported that individuals with ASD display differential 

patterns of cortical activity compared to typically developing controls in response to a range of 

tactile stimuli (e.g. Coben, Clarke, Hudspeth, & Barry, 2008; Delmonte et al., 2012; Kaiser et 

al., 2010; Lloyd-Fox et al., 2013; Oberman et al., 2005; Pelphrey & Carter, 2008), including 

videos of individuals interacting socially with the participant (Lloyd-Fox et al, 2013) and 

physical tactile stimulation (e.g. Kaiser et al., 2015; Miyazaki et al., 2007). Similar patterns of 

activity have been shown for individuals with high levels of autistic traits (e.g. Peeled-Avron 

et al., 2017; Voos et al., 2012). This further highlights the relationship between tactile autistic 

traits and individuals diagnosed with ASD.  

Beyond purely discriminative functions, studies have reported relationships between 

tactile sensitivity and social functioning in ASD (Hilton et al., 2010; Lundqvist, 2015; Miguel 

et al., 2017). For example, self-report measures of tactile sensitivity and preference revealed 

social dysfunction in individuals with ASD was significantly mediated by altered responsivity 

to touch. In fact, Hilton et al (2010) found a strong significant negative relationship between 

touch sensitivity and social responsiveness. It could be that the individuals with ASD have 

fundamental cortical abnormalities affecting their social behaviour (e.g. Courchesne et al., 

2011). For example, post-mortem analysis of the brains of individuals with ASD revealed 

greater neural density in the anterior and posterior insula cortices than in typically developing 

individuals (Courchesne et al, 2007). As these regions are targets of primary CT afferent 

projection, it is likely that abnormal innervation in these regions would result in atypical 

perception of CT-optimal 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 autistic traits, there 

is a dearth of empirical evidence looking at how individual differences in trait sociability affect 

the processing of CT-optimal stimuli. In particular, how physiological and electrophysiological 

responses to CT stimulation differ according levels of social traits is not well understood. Thus 

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

¶ A wealth of research has found similarities in the cortical and behavioural responses 

to both first hand and vicariously experienced affective touch. However, the impact of 

individual differences in trait sociability on vicarious responses to affective touch has 

not been widely researched. Thus the first aim is to investigate whether individual 

differences in trait sociability affect vicarious ratings of affective touch 

¶ The vicarious experience of discriminative and affective touch will be measured in 

typically developing children and those with a diagnosis of ASD, to measure a 

theoretical range of high and low trait sociability. The aim is to add to existing 

literature that shows, children distinguish between affective and discriminative touch 

when felt first-hand.   

¶ Recent evidence (Pawling, Cannon et al, 2017) shows differential activity between the 

Zygomaticus Major (smile muscle) and the Corrugator Supercilli (frown muscle) in 

response to affective and discriminative first hand touch. The third aim of this thesis 

is to explore the vicarious experience of affective touch by measuring physiological 

responses to the observation of touch.  

¶ Following up from the work of Pawling, Cannon et al (2017), the fourth aim is to 

measure implicit affective responses to affective and discriminative touch and, to 

determine how trait sociability affects these responses. 
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¶ A final aim of this thesis is to research the ultra-late potential (ULP). This component 

of the ERP trace has been most prominently reported during C-nociceptor stimulation 

however, Ackerley et al (2013) also reported a ULP in response to CT stimulation. To 

add to this existing research, differential cortical responses to CT-optimal and non-

CT-optimal stimuli will be recorded. In order to determine 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, McGlone (1999) were the first researchers to measure the relative 

valence of different somatosensory stimuli. Specifically, in this study participants rated the 

pleasantness of stimulation on the arm and face with different textured materials. From this 

study, somatosensory psychophysical methods were developed with researchers manipulating 

factors such as velocity, location, force and texture to differentially target different types of 

sensory nerves.  In two studies presented here, participants received manual brush stroking to 

their arm and/or palm. These stimuli were delivered using a soft make up brush (No7 Make up 

Brush, The Boots Company). Many CT focused studies have used a rotary tactile stimulator  

(RTS) to ensure touch is delivered with a precise velocity and force optimal for CT stimulation 

(based on microneurography evidence Löken, Wessberg, Morrison, McGlone, & Olausson, 

2009). This further allows social context to be removed from the stimulus. However, in the 

studies reported here a primary aim was to determine how trait differences in sociability affect 

the responses to touch, it was therefore decided that a social context was necessary. Although 

stroking participants with a brush has little external social validity, it allows for a social 

component to be included with the stimulus that is not present when touch is administered 

using a RTS. Manually administered brush strokes have been used effectively across a number 

of previous CT focused studies (Björnsdotter et al., 2009; Case et al., 2016; Gordon et al., 2013; 

Miguel, Lisboa, Gonçalves, & Sampaio, 2017; Pawling, Cannon, et al., 2017) and  typically 

elicit pleasant sensations in comparison  to other materials (Ackerley, Saar, McGlone, & 

Backlund Wasling (2014). Furthermore, using a brush, as opposed to a hand, ensures stimulus 

consistency without individual differences in skin texture and/or temperature affecting the 
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velocity or force of the stroking (Sivamani, Goodman, Gitis, & Maibach, 2003). Importantly, 

Triscoli, Olausson, Sailer, Ignell and Croy (2013) reported that touch delivered by an RTS was 

comparable in terms of perceived pleasantness and intensity to manually administered brush 

stroking. In the experiments reported here, participants had 10cm long apertures drawn on their 

forearm and palm (Figure 3). This ensured the stimuli were applied to a consistent area of skin.  

 

Figure 3. The approximate location of the stroking areas on the palm and forearm used in study 4. In study 5, a 

10cm long aperture was marked on the dorsal surface of participantsô forearms.   

 At the beginning of each trial of a study, the velocity (Study 4 & 5) and location (Study 

4) of the touch was signalled to the experimenter on a computer screen located behind the 

participant. This was followed by a three-second visual countdown before a visual metronome 

appeared to guide the experimenter in delivering the correct velocity of stroke. The countdown 

ensured the stroking began as close to the start of the metronome as possible. The visual 

metronome (Figure 4) was custom made for these studies to ensure accurate and consistent 

stroking velocities across trials. The metronome was designed in E-Prime 2.0 (Psychology 

Software Tools, Pittsburgh, PA), by first drawing a blank canvas figure. An empty rectangle 
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was then drawn on this representing the 10cm long stroking aperture on the participantôs arm. 

The rectangle then filled at the velocity designated for the current trial. In Study 4, these 

stimulations lasted for the duration of the 5s stroking period. Strokes beginning proximal to 

distal were continuously administered to the area between the apertures drawn on participantôs 

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 Study 4 this metronome ran back and 

forth for five seconds, stimuli were matched for contact time on the skin. The red metronome line represented a 

proximal to distal stroke whereas a white metronome represented distal to proximal strokes. Study 5 had only 

one colour metronome as participants received a single stroke per trial irrespective of velocity.  

2.2. Touch Videos 

 Walker et al (2017) created a series of videos depicting touch delivered at CT-optimal 

and non-CT-optimal velocities. These videos were created to measure the vicarious affective 

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

differing innervation densities of CTs. In three of the experiments presented, participants 
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watched these videos depicting one actor touching the upper body of another actor. The actors, 

(one male and one female) were standing in front of a white screen. To minimise the effect of 

social context and top-down representation of the touch, only the touched location and the 

toucherôs arm were visible in each shot (Figure 5). The videos lasted for five seconds showing 

constant stroking touch (or skin to skin contact in the static touch condition) The videos showed 

touch delivered to five locations (palm, ventral forearm, dorsal forearm, upper arm and back) 

at three different velocities (static touch, 3cm/sec and 30cm/sec). In Study 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, upper arm and back). Analyses showed 

no difference in ratings between these two sets of videos so they were all included in further 

analyses (see Chapter 5, Figure 20). 
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Figure 5. Screen shots depicting stills of each body location being stroked. Only the location being touched and 

the toucherôs arm are shown in these videos (from Walker et al 2017). These videos depicted touch at five locations: 

palm, ventral surface of the lower arm, dorsal surface of the lower arm, upper arm and back. At each of 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 studies 1 to 4 participants rated how pleasant and /or intense the touch they received 

/viewed was perceived to be. In studies 1 and 3, adult participants were asked to rate ñHow 

pleasant was that action for the person being touched?ò and ñHow much would you like to be 

touched like that?ò These were answered on a seven-point Likert scale running from 1, very 

unpleasant/not at all to 7, very pleasant/very much so. These scales are the same as those used 

in Walker et al (2017). 

 Study 2 was conducted on young children aged between 7 and 12. Here, a ñsmiley faceò 

scale which had previously been used successfully with children in this age group was 

employed (Cascio, Lorenzi, & Baranek., 2016; Croy et al 2017). Immediately after the children 

had watched each video they were asked ñHow nice do you think it was for the person being 

touched?ò and ñHow much would you like to be touched like that?ò They answered using the 

scale depicted in Figure 6. 
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Figure 6. In study two, the response scale used was one previously validated in sensory studies with children in 

this age group 7-12, (Cascio et al 2016; Croy et al., 2017).  

 As study 4 was an extension of the facial EMG study conducted by Pawling, Cannon, 

et al., (2017), the same response scale was used. Specifically, participants rated touch 

pleasantness on a 100-point visual analogue scale with anchors ñnot at all pleasantò and ñvery 

pleasantò. The scale was coloured to represent a temperature like scale 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 scale (Figure 7). Participants answered 

two questions ñHow pleasant was that touch?ò and ñHow intense was that sensation?ò after 

each stroke. To avoid confusion, the order of presentation of the two questions was 

counterbalanced between participants but not trials/blocks. While in previous CT focused 

studies participants are typically asked to rate how pleasant they perceived the touch they 

received to be, it has been less common to ask how intense the sensation was. The rationale for 

using the intensity scale came from a study conducted by Blakemore et al (2006) who reported  

that participant with Aspergerôs Syndrome rated vibrotactile stimuli as more intense than 

typically developing individuals.  
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Figure 7. In Study 4 participants rated ñHow pleasant was that touch?ò and ñHow intense was that sensation?ò 

on a 100 point Visual Analogue Scale. The scale depicted a colour gradient between a red, negative and a green, 

positive anchor point. As with studies one to three, the lowest anchor point represented a negative sensation, or a 

lack of intensity and the highest anchor point a very positive or intense sensation.  

2.4. Facial Electromyography (EMG) 

In studies 3 and 4, facial Electromyography (EMG) was used to measure physiological 

responses to affective touch. Facial EMG measures electrical activity over facial muscles with 

increased activity reflecting greater contraction of the underlying muscle. In the experiments 

reported here, surface Ag-AgCl electrodes were used. To maximise signal quality, prior to the 

attachment of electrodes, the skin surface was cleansed with a facial wash then lightly abraded 

with a small scouring pad (Fridlund & Cacioppo, 1986). This process removed dead skin cells 

from the surface of the face, thus reducing electrical impedance. Finally, a small globule of 

conductive gel (SignaGel, Parker Laboratories, inc.) was placed in each of the cleansed 

locations to ensure close adherence of the electrodes to the skin.  
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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 Supercilli and one electrode placed near the hairline acts as a reference 

electrode (based on van Boxtel, 2010). 

2.4.1. Locations of interest 

To minimise the effect of external electrical interference, each electrode was 

individually grounded. Location of the electrodes was approximate, based on individual 

participantôs facial structure. The Corrugator Supercilli (CS) muscle runs above the 

participantôs brow toward the nose and the Zygomaticus Major (ZM) muscle runs across the 

cheek from the corner of the mouth to the ear lobe (see Figure 8) (Fridlund and Cacioppo, 

1986). To ensure electrodes had been placed in the correct locations, participants were asked 

to smile and frown to activate the ZM and CS respectively. However, to avoid any influence 
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of demand characteristics on task performance, participants were not asked to do this until after 

the experiment was over. At the start of the experiment, participants were informed these 

electrodes were measuring activity in their frontal 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 associated with the experience of 

positive affect and CS activity conveys negative affect (Epstein, 1990; Larsen, Norris, & 

Cacioppo, 2003; Tan et al., 2012). Furthermore it is typically shown that ZM and CS muscles 

have a differential relationship whereby increase in activity in one is associated with a decrease 

in the activity of the other (Larsen et al., 2003). Pawling, Cannon, et al (2017) has recently 

reported that touch that specifically targets CTs results in greater ZM activity than non-CT 

targeted touch.  

2.4.2. Data Processing ï EMG 

The EMG data were collected on a laptop running LabChart Pro v.7 (ADInstruments, 

Oxford, UK), triggers relating to the start of the metronome countdown and the type of stimulus 

being delivered were sent via the computer displaying the metronome. Further triggers were 

sent to mark the start/end of the stroking period and the end of the subsequent post-stroking 

period. The EMG data were initially full wave rectified to allow for meaningful summation 

(van Boxtel, 2010). These data were then extracted using a custom-made macro in LabChart. 

Average peak amplitudes were taken in 100ms time bins across the 2000ms 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. Separate graphs 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 peak amplitudes far larger than the norm. These trials were then 

removed. Next percentage change scores were calculated for each data bin and in the first 

instance, any change score over 500% was removed. In a final step, a whole cohort average 

was taken and any data point ±3SD of this mean was removed.  

2.5. Electroencephalography (EEG) 

2.5.1. Data Processing ï EEG 

A 64-channel active-electrode BioSemi v.7.07 (BioSemi, Amsterdam, NL) system was 

used. Data were collected using ActiView (BioSemi, Amsterdam, NL) then analysed using the 

EEGlab toolbox (Delorme & Mekeig, 2004) for Matlab. An online filter of 0.1Hz then an 

offline 0.1Hz-40Hz bandpass filter was applied to the data. In line with past research, data were 

collected online at 512Hz then offline down sampled to 256Hz (Ackerley et al., 2013). Data 

were average referenced across all electrodes. The data were epoched to remove between-trial 

data and excessively noisy trials were removed manually. The noisy trials were selected by 

scrolling through the epochs and choosing any with excessive interference from muscle activity 

or drift, not otherwise removed through filtering. All participants 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 based on individual 

topographical heat maps (components removed M=3.59, SD=0.8). Data were averaged into 

categorical epochs representing CT-optimal and non-CT-optimal trials. These epochs were 

then grand averaged across participants. 

To measure early responses, data were extracted from central electrodes Pz, Cz and Fz 

(blue, Figure 9). Peak amplitude measures were taken from 300-600ms after stimulus onset; 

this represented a region where the largest peak amplitude appeared in the ERP. These data 

were compared directly between CT-optimal and non-CT-optimal stimuli to compare the 



40 
 

differences in Ab input for these two velocities. As 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 

Ackerley et al (2013). Thus, when 30cm/sec stimulation produced a maximal peak, 500ms after 

stimulus onset, data was extracted from 1200ms for CT-optimal stroking. Thus, activation due 

to the slower conduction velocity of CT afferents compared to fast conducting Ab afferents. 

For each participant, data were extracted from the point of maximal amplitude in the ULP 

(between 2800 and 3200ms), this data was compared to data from contralateral and ipsilateral 

somatosensory ñarmò areas (electrodes CP3 and CP4 respectively, orange, Figure 9) in an 

ANOVA.  

2.5.2. Components of interest. 

 EEG waveforms are time locked to particular events and averaged across many trials, 

in this way specific ERPs are drawn from the signal. ERPs consist of several specific 

components that together make up a standard waveform, individual components can tell us a 

lot, about how different types of stimuli are processed. For example, specific components have 

been found for face stimuli (N170), mismatched stimuli (N2) and salient stimuli (P3). 

Specifically, the P3 peak amplitude has been most commonly related to changes in arousal 

state and attentional processes relating to stimuli that are salient (Bradley, Keil, & Lang, 2012). 

The component is of interest here as previous studies have reported that Ab targeted 30cm/sec 

stroking produces a greater increase in sympathetic arousal than CT targeted 3cm/sec strokes. 

(Pawling, Trotter, et al., 2017). A second ERP component of interest is the ultra-late potential 

(ULP). Initially this component was measured as a result of stimulating C-nociceptor fibres 

(Bromm & Treede, 1987; Bromm, Neitzel, Tecklenburg, & Detlef-Treede, 1983). This activity 

has subsequently been reported in response to CT-specific stroking touch (Ackerley et al., 

2013). It is hypothesised that this ULP is a specific cortical signature of unmyelinated CT 
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afferent activity both because these neurons have a slow conduction velocity and because they 

induce activation in the frontal regions where ULPs are measured. Specifically the ULP may 

represent activity in the OFC or ACC (Björnsdotter et al., 2009; Gordon et al., 2013; McCabe 

et al., 2008; McGlone et al., 2012; Morrison, Björnsdotter, et al., 2011). The ERPs in Study 5 

were time locked to the breaking of a laser beam positioned over the participantôs arm, to ensure 

the accuracy of stimulus onset. Furthermore, here participantôs received one proximal to distal 

stroke from the laser beam to a drawn black line 10cm away (see Figure 3).  

 

Figure 9. An image showing the standard 64-electrode layout based on the 10-20 system. The electrodes of 

interest are highlighted, blue represents electrodes used for early peak analysis and orange represents the 

electrodes used to characterise the ultra-late 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 (MRI) and 

magnetoencephalography (MEG) systems. A further benefit of EEG is its superior temporal 

resolution over blood oxygenation level dependent measures such as fMRI. Typically, the brain 

processes information within milliseconds, so it is beneficial to be able to measure activity as 

it happens. Figure 10, shows that EEG provides the temporal resolution necessary for 

immediate measurement. However, its poor spatial resolution means the actual source of the 

signal cannot be accurately determined. In addition, it is important to consider that since EEG 

measures the direct activity of a firing neuron (or cluster of neurons) as opposed to 

haemodynamic response, it can therefore tell us more about the specific neural activity 

associated with different stimuli than slower cortical metrics like fMRI. 
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Figure 10. A comparison of the relative temporal and spatial resolution provided by a range of neuroscientific 

methodologies. The z-axis  indicates how much each of these methods interfere with brain activity or indeed 

how closely what is measured correlates with underlying neural activity (from Walsh & Cowey, 2000). 

2.6. Self-Report Measure of Trait  Sociability. 

2.6.1. Autism Spectrum Quotient 

The Autism Spectrum Quotient (AQ) (Baron-Cohen, Wheelwright, Skinner, Martin, & 

Clubley, 2001) is a 50 item scale that measures autistic traits within a typical population. The 

scale is comprises five subscales: Social Skill (e.g. ñI prefer to do things with other than on my 

ownò), Communication (e.g. ñI enjoy social chit-chatò), Attention Switching (e.g. ñI prefer to 

do things the same way over and over againò), Imagination (e.g. ñWhen Iôm reading a story, I 

can easily imagine what the characters might look likeò) and Attention to Detail (e.g. ñI often 

notice small sounds when others do notò). The internal validity of the subscales as determined 
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by Cronbachôs alphas were reported as follows: Social Skill = 0.77, Communication = 0.65, 

Attention Switching = 0.67 and Imagination = 0.65 and Attention to Detail = 0.63. However 

for the full scale a Cronbachôs alpha of a = 0.88, suggests use of the questionnaire as a single 

scale is more valid (Austin, 2005).  

Although the scale was designed to measure these individual ASD relevant traits, it has 

been argued that four out of the five subscales (Social Skill, Communication, Attention 

Switching and Imagination) in fact measure social interaction 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 other, between r=.53 and 

r=.84. These four subscales, Social Skill, Communication, Attention Switching and 

Imagination, were analysed both independently (in a five factor model) and together compared 

to Attention to Detail as a hierarchical model using confirmatory factor analysis. Here, the 

hierarchical model was the most accurate fit for these scales suggesting that the two-factor 

model is the most appropriate use of this scale. Furthermore, two further factor-analytic models 

of the AQ found factors relating to Social Skills, Attention to Details and 

Communication/Misreading (Austin, 2005, Hurst, Mitchell, Kimbrel, Kwapil and Nelson-Gray, 

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

could also be deemed a factor of sociability.  

Participants rate each of 50 questions on a four-point Likert scale, with the descriptors: 

ñDefinitely Agreeò, ñSlightly Agreeò, ñSlightly Disagreeò and ñDefinitely Disagreeò. For half 

of the questions, answers ñDefinitely Agreeò and ñSlightly Agreeò are scored with as 1 and 

ñDefinitely Disagreeò and ñSlightly Disagreeò are scored as 0, half of the questions are reverse 

scored. Thus, scores on the scale can range from 0-50 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 (Woodbury-Smith, Robinson, Wheelwright, & Baron-Cohen, 2005). In the latter study, 

individuals were tested using the AQ to determine whether the scale was appropriate for 

clinical diagnostic purposes. This is specifically as the original scale was mainly tested on 

typically developing individuals. The majority of individuals in this study with a prior 

diagnosis of Aspergerôs Syndrome or High Functioning Autism scored 26 or above on the scale 

indicating a suitable cut-off for clinically relevant autistic traits. Comparatively, a systematic 

review reported that mean AQ scores in a typical population should range from 11.6-20.0, this 

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 and emotions experienced by others. Research suggests that empathic responses 

come from mirroring of another individualôs emotional state (Decety & Jackson, 2004).  

Embodiment of another individualôs somatosensory experience has most commonly been 

observed in vicarious responses to painful stimuli (Jackson, Rainville, & Decety, 2006; 

Morrison, Lloyd, di Pellegrino, & Roberts, 2004; Morrison, Tipper, Fenton-Adams, & Bach, 

2013; Singer et al., 2004).  In such studies, individuals experience the negative emotional 

components of touch (pain) without the accompanying peripheral input (Avenanti, Minio-

Paluello, Bufalari, & Aglioti, 2009; Jackson et al., 2006; Singer et al., 2004). Specifically, 

Singer et al (2004) reported that observation of a romantic partner in pain resulted in similar 

activation in the ópain matrixô i.e. regions of the brain responsible for pain processing, as seen 

when participants experienced the pain first hand. The one exception to this was that activation 

in S1 was not present, consistent with this primary sensory regionôs role in processing 

somatosensory sensations, further suggesting that the vicarious experience of pain is affective 

not sensory. In addition to mirrored neuronal activity, embodied responses to observing another 

in pain can also be behavioural. For example, Lamm, Porges, Cacioppo, and Decety (2008) 

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 neuronal responses have also been reported during observation of emotionally 

neutral and indeed pleasant stimuli (Bufalari & Ionta, 2013; Chiesa, Liuzza, Macaluso, & 

Aglioti, 2017). In contrast to observing anotherôs painful experience, a number of studies have 
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reported activation of S1 during observation of otherôs non-painful somatosensory experience 

(Bolognini, Rossetti, Fusaro, Vallar, & Miniussi, 2014; Keysers et al., 2010; Schaefer et al., 

2012). For example, Schaefer et al (2012), reported activation in S1 during the observation of 

touch, specifically gentle stroking of the fingertip using a paintbrush.  Activation of S1 has also 

been reported during observations of interpersonal touch, suggesting that the mirror-touch 

response is not stimulus specific (Bolognini et al 2014).  

Several studies have reported mirrored neuronal responses to the observation of CT-

targeted touch (Lucas et al., 2015; Morrison, Löken, et al., 2011). For example, Morrison et al 

2011 reported significantly greater activation in the posterior insula cortex to observation of 

CT-optimal compared to non-CT optimal velocity touch. Furthermore, psychophysical ratings 

of observed touch have been reported to show the 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 was rated as most pleasant on skin 

sites posited to be more densely innervated with CT-afferents based on genetic molecular 

visualisation of C-LTMs in the mouse (Liu et al 2007) and epidermal nerve quantification in 

humans (Kennedy et al 2005). However, individual differences are observed in ratings of both 

directly felt and vicarious ratings of CT-optimal touch. For example, patients suffering from a 

rare congenital C-fibre deafferentation rate both directly felt and observed CT-optimal touch 

as less pleasant than control participants (Morrison et al 2011). Furthermore, 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 sociability (Bennett et al., 2014; Croy, Sehlstedt, Wasling, 

Ackerley, & Olausson, 2017; Scheele et al., 2014; Voos et al., 2013). In the most recent of 
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these studies, a negative correlation between autistic traits, as measured with the AQ, and 

sensitivity to the specific rewarding value of CT-optimal stroking touch was reported (Croy et 

al., 2016). 

Thus, the aim of the present study was to determine whether, as previously reported for 

directly experienced touch, individuals with high levels of autistic traits show a reduced 

sensitivity to the specific rewarding value of CT-targeted touch. Given the hypothesised social 

function of CTs, it was predicted that, participants with high levels of autistic traits would show 

reduced ratings 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 via staff and student email lists at Liverpool John Moores University. Previously, 

Baron-Cohen et al, (2001) reported that individuals from a science background scored higher 

on the AQ (Baron-cohen et al., 2001) than individuals from an arts background. Therefore, to 

recruit a broad a range of AQ scores, emails were sent out to subject lists relating to science, 

technology, performing arts and English. Furthermore, to maximise the range of potential AQ 

scores, only male participants were recruited in this instance, as males, on average, score higher 

on the AQ than females. All 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 a brief description of the study followed by the 

Participant Information Sheet. If after reading the information sheet, participants were willing 

to take part, they were asked to click on a hyperlink, which took them to the online study. The 

study was conducted using Qualtrics software, Version 60939 of the Qualtrics Research Suite. 

(Copyright © 2015 Qualtrics., Provo, UT, USA. http://www.qualtrics.com). Start and end time 

of survey completion was recorded. Mean time online was 11.7mins (± SD 3.19mins). 

3.2.3. Participant Screening 

An initial set of screening questions determined study eligibility. Participants were 

asked to answer ñtrueò or ñfalseò to indicate whether they had read the participant information 

sheet and agreed to take part. They were also asked whether they were male and aged between 

18 and 30 years old. If a participant responded ñfalseò to any of these questions, an ñIf Thenò 
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function was implemented, so that these participants were thanked for their interest and then 

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

3.2.4. Demographic Information 

If they fulfilled the studyôs inclusion criteria, participants were first asked demographic 

questions relating to their age and ethnic background. 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 current or past mental 

health condition these included three participants diagnosed with ASD, 11 with Depression, 

three with Bipolar, four with an Anxiety disorder. Using history/no history of mental health 

condition as a between subjects Factor, there was no significant effect of mental health on 

pleasantness ratings F(1,90)=7.41, p>.05.  

3.2.5. Autism Spectrum Quotient 

Participants then completed the AQ (see Chapter 2 for full description).  

3.2.6. Touch Videos 

Participants subsequently watched a series of 15 videos depicting touch between a male 

and female actor with minimal social context (see Chapter 2 for full description), these videos 

were previously used in Walker, Trotter, Woods, et al (2017). The videos showed one actor 

being touched 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/sec. Videos were presented in a random order 

Immediately after watching each video participants were asked two questions. The first 

question ñHow pleasant do you think that action was for the person being touched?ò related to 

the empathic ability of participants to determine how the touch received in the video felt for 

the receiver. The second question ñHow much would you like to be touched like this?ò 



51 
 

questioned participantsô personal desire to receive the touch depicted. Thus, the two questions 

were hypothesised to measure different types of cognitive ability. The first question is 

specifically measuring the cognitive empathy necessary to understand how the individual in 

the video is feeling during the action. The second question relates to how participants can take 

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

the action. Questions were always presented in the same order. 

3.2.7. Data Analysis  

Data were analysed using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for 

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

Participants were separated into three similar sized groups based on their scores on the 

AQ. The first group consisted of participants who scored 5-14 (n=31). The second group had 

scores deemed to be average for a typical population (15-20, n=33). The final group had scores 

associated with high level of autistic traits, scoring 21-39 (n=32). Three participants reported 

having a diagnosis of Autism Spectrum disorder (ASD), only two of these participants had an 

AQ score above 29, the typical boundary for individuals with clinical diagnosis, the third 

scored 18.  

In  previous studies touch applied to closely adjacent areas of the body areas of  the 

body was rated as equally pleasant (Löken et al., 2009). Therefore, to increase power in the 

statistical analysis, rating scores for neighbouring locations were averaged together Thus, 

analysis was completed on three touch locations rather than five, i.e. dorsal and ventral 

forearms locations were averaged into a new variable, ólower armô and upper arm and back 

were averaged into the variable óupper bodyô. The palm of the hand was the third location.  

A repeated measures multivariate ANOVA with within subject factors of Question (2 

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 factor (3 levels). Inspection of model residuals 

indicated data were normally distributed. Finally, polynomial regression analyses were 

conducted to determine whether, consistent with previous findings, (Ackerley, Backlund 

Wasling, et al., 2014; Essick, James, & McGlone, 1999; Löken et al., 2009; Walker et al 2017) 

for ratings of touch on CT innervated body sites, a quadratic term accounted for significantly 

more of the velocity dependent variance in pleasantness ratings than a linear expression. Where 

assumptions of sphericity were violated, Greenhouse-Geisser correction was applied. To 

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

Table 1. Descriptive statistics showing the number of participants in each group and the mean, standard 

deviation and range of their scores on 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~17, (Baron-Cohen et al., 2001).  

 

Figure 11. Frequency of AQ scores in the sample.  (n=96). Scores to the left of the first 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) and scores to the right of the second vertical line represent the 

High AQ group (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 respectively (Figure 11). 

3.3.1. Full model 

A repeated measures ANOVA with the factors Question x Velocity x Location, 

revealed a significant main effects of Location F(2,186)=21.49, p<.001, h2 =.25  Velocity 

F(2,186)=21.61, p<.001, h2 =.23  and Question F(1,93)=26.07, p<.001, h2 =.24  individual 

analyses were therefore completed on each question separately. 

3.3.2. Question one: ñHow pleasant was that action for the person being touched?ò  

A repeated measures ANOVA revealed a significant main effect of Location 

F(2,94)=13.123, p<.001 h2 =.10 and of Velocity F(2,94)=32.67, p<.001 h2 =.19  as well as a 

significant Velocity x Location interaction F(4,92)=6.82, p<.001 h2 =.12 . There was also a 

significant three-way interaction between Location x Velocity x AQ group, F(6.5, 303) 2.14, 

p<.05, h2 = .04.  

Simple main effects analyses of the two-way Location x Velocity interaction (Figure 

12) revealed that 3cm/sec touch was perceived to be significantly more pleasant than both static 

and 30cm/sec touch (p <.001) at the two CT-innervated 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 as equally pleasant (p >.05).  
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Figure 12. Mean ratings of all participants to the pleasantness of the touch (+/- SE bars). The Location x 

Velocity interaction revealed the typical inverted ñUò ratings of touch pleasantness where CT-optimal touch is 

rated as most pleasant speed of touch, is shown. 

To further explore the Location x Velocity x AQ interaction, individual repeated 

measures ANOVAs were used to explore ratings of touch Location and Velocity in each AQ 

group individually (Figure 13). In the Low AQ group there were significant main effects of 

Location F (2,60)=4.91, p<.05, h2 =.14  and Velocity F (2,60)=8.48, p<.01, h2 = .22. There 

was also a significant Location x Velocity interaction F (2.88,86.50)=12.21, p<.001, h2 =.29  

(Figure 13a). This group showed the greatest sensitivity to CT optimal stimuli with significant 

differences between CT-optimal 3cm/s at all locations, except the palm where it was rated as 

equally pleasant as static touch. Similarly, in the High AQ group, there were significant main 

effects of Location F(2,64)=4.27, p<.05, h2 =.14  , Velocity F(2,62)=8.87, p<.001, h2 =.23   
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and a significant Location x Velocity interaction F(3.04,94.28)=4.29, p<.01, h2 =.12  (Figure 

13c). Individuals with the highest number of autistic traits still rated CT-optimal touch as 

significantly more pleasant than static or 3ocm/sec touch at CT-innervated locations (Lower 

Arm and Upper Body). However, in the Average AQ group while there were significant main 

effects of Location F(2,64)=3.90, p<.05, h2 =.11  and Velocity F(1.46,46.81)=6.40, p<.01, h2 

=.17  reflecting the preference of CT-optimal touch at CT-innervated locations , there was no 

significant Location x Velocity interaction F(4,128)=1.08 p=.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 significant at p<.001 

suggesting scores all fell within a normal range. 
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Figure 13. Mean ratings of touch pleasantness for each of the AQ groups (SE bars). Figure 13a, shows the Low 

AQ group. Figure 13b, Average AQ group  with AQs scores which are average of the general population.. 

Figure 13c, High AQ group with the highest number of autistic traits (** denotes p<.01 and * is p<.05). 
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To further investigate the Location x Velocity interactions, linear and quadratic 

polynomial regression models were used to define the velocity-pleasantness relationship for 

each AQ group individually. Only in the Low AQ group did a quadratic term provide a 

significant fit for ratings of touch on the Lower Arm (p<.01) and Upper Body (p<.01). In this 

group a linear term provided a significant for ratings of touch on the palm (p<.05) as static 

touch was more pleasant that other velocities. However, in the High AQ group neither quadratic 

nor linear terms explained a significant proportion of the variance in ratings (all p>.05). Overall, 

at CT innervated Locations, CT-optimal stroking touch was deemed to be the most pleasant 

Velocity of touch suggesting that even observed CT-optimal touch is the most pleasant. 

3.3.2.1. Question one: AQ group CT preference index 

A preference index was calculated to determine whether degree of preference for CT-

optimal velocity touch differed between AQ groups (Table 2). This preference index was based 

on the Affective Touch Index developed by Croy et al (2017). Here the authors subtracted 

ratings of a non-CT-optimal 30cm/s away from CT-optimal 3cm/s then divided by the average 

rating from three velocities (0.3cm/s, 3cm/s and 30cm/s). Despite this being  an affective touch 

index, the authors did not consider the 0.3cm non-CT-optimal stroking in comparison to 3cm/s 

whereas, here both non-CT-optimal velocities are considered in the calculation of CT 

preference. Here, average non-CT-optimal (0cm/sec and 30cm/sec) scores were taken away 

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

 

A repeated measures ANOVA revealed a significant main effect of Location 

F(1.75,162.62)=10.43, p<.001, h2 =.17 reflecting the fact the hypothetically more densely CT  

(3cm/s ï Static) + (3cm/s ï 30cm/s) 

2 
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innervated the body site  i.e. Upper Body > Lower Arm > Palm, the greater the preference for 

CT optimal over non-CT optimal velocities of touch. However, there was no significant effect 

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

groups, this finding suggests these differences are not the result of an enhanced sensitivity to 

the CT targeted touch specifically. The 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 CT-optimal velocity touch at 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 

 

3.3.3. Question two: ñHow much would you like to receive that touch?ò  

A repeated measures ANOVA revealed a significant main effect of Location, F(2, 94)= 

26.79, p<.001, h2 =.37 and Velocity, F(2, 94)=25.27, p<.001, h2 =.36. There was also a 

significant Location x Velocity interaction F(4,92)=36.74, p<.001, h2 =.28 (Figure 14) and a 

significant interaction between Location x Velocity x AQ group F(6,90)=14.35, p<.05, h2 =.08. 

Simple main effects of the Location x Velocity interaction revealed that CT-optimal stroking 
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was the most desired velocity of touch at CT-innervated Locations (ps<.05). Furthermore, as 

with ratings of perceived pleasantness, here for ratings of desire, CT-optimal and static touch 

did not differ at the Palm (p>.05). 

 

Figure 14. Average ratings for Question 2 ñHow much would you like to be touched like that?ò Here for CT 

innervated Locations (Lower Arm and Upper Body), CT-optimal 3cm/s is rated as the most desired velocity of 

touch.  Consistent with the findings reported in Walker et al (2017) there is no significant difference between 

ratings of static and 3cm/sec touch on the Palm. 

Individual repeated measures ANOVAs were used to explore the Location x Velocity 

x AQ group interaction. For the Low AQ group, significant main effects of Location 

F(2,60)=10.39, p<.001, h2 =.17 and Velocity F(2,60)=11.31, p<.001, h2 =.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, h2 =.35 (Figure 15a). Similarly, in the High AQ group, there were significant main 

effects of Location F(2,62)=17.02, p<.01, h2 =.15, Velocity F(1.60,49.72)=7.04, p<.01, h2 

=.18  and a significant Location x Velocity interaction F(2.79,86.47)=3.28, p<.05, h2 =.09 

(Figure 15c). However, for the Average AQ group, while there were significant main effects 

of Location F(2,64)=5.65, p<.01, h2 =.17 and Velocity F(1.86,49.81)=3.75, p<.05, h2 =.15 

there was no significant Location x Velocity interaction F(2.95,94.39)=1.22 p>.05 (Figure 

15b).  

Simple main effects analyses of the Location x Velocity interactions showed that, in 

the Low AQ group, 3cm/sec stroking was rated as more desired as significantly more desired 

than static or 30cm/sec stouch at both CT-innervated locations compared to non-CT-optimal 

velocities (all p<.001), furthermore there was no significant difference between static and CT-

optimal velocity stroking on the Palm (p>.05). In the High AQ group CT-optimal touch was 

only rated as the most pleasant for the Upper Body location, at the Lower Arm 3cm/s was not 

significantly different from non-CT-optimal 30cm/s. 
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Figure 15. Mean ratings of touch desire for each of the AQ groups (SE bars). Figure 15a, shows differences in 

touch desire ratings for Low AQ. Figure 15b, is ratings for Average AQ and Figure 15c, represents ratings in 

High AQ (** denotes p<.01 and * is p<.05). 
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To further investigate the Velocity x Location interactions, regression analyses were 

again conducted to investigate the velocity-desire 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 significant amount of the variance in ratings of 

different velocities of touch on the lower arm and upper body (p< .01 & p< .05 respectively). 

However, in the High AQ group neither a quadratic nor a linear term provided a significant fit 

for ratings of touch on the lower arm, upper body or palm (all p> .05). Again, in line with 

ratings of perceived pleasantness, in all groups participants rated CT-optimal touch at CT-

innervated locations as the most desired. In the Average and High AQ groups however, this 

was less consistent 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 effect of Location F (1.75,162.73)= 8.28, p<.01, h2 = .16 

but there was no significant effect of AQ group F(2,93)=.26, p>.05.  This shows that, the 

significant differences between AQ groups did not reflect a specific preference for CT-optimal 

touch over non-CT-optimal touch. In terms of Location, the indices follow the predicted trend 

whereby the largest preference index for CT-optimal touch is measured where CTs are 

hypothetically most innervated (the Upper Body); further suggesting that innervation of CTs 

directly affects the desire to receive CT-optimal 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 CT-optimal 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 .77 

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 

non-CT optimal touch.  Furthermore, touch to the upper-body, was rated as more pleasant than 

touch on the lower arm and palm, a finding consistent with the greater innervation density of 

C-fibres here (Liu et al., 2007; Kennedy et al., 2005). 

 Consistent with previous reports of directly felt touch, in this study ratings of observed 

touch varied as a function of participantsô trait sociability. Thus, the ratings of the group with 

the lowest scores on the AQ showed previously reported relationships between stimulus 

velocities and perceived pleasantness, with touch on CT innervated sites showing a quadratic 

relationship between velocity and pleasantness ratings, while touch on the non-CT innervated 

palm showed a linear relationship between the speed of touch and perceived pleasantness. That 

is, here static 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. Additionally, in these 

groups, ratings of touch on the palm were not described by a linear function. These data suggest 

that there was less difference between the affective ratings of CT-optimal and non-CT-optimal 

velocities in the High AQ group, despite these differences being significant. The polynomial 

regression allows for a more direct measure of the relationship between these Velocities within 

each Location.  

While preference for CT over non-CT velocity touch was greater on the upper-body 

than the lower arm and palm, levels of autistic traits did not affect this affective 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 finding contrasts 

with the previously reported negative relationship between autistic traits and preference for CT 
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targeted touch (Croy et al 2016); though it should be noted that differing formulae were used 

to calculate CT preference in the present study. Furthermore, findings from Voos et al (2013) 

revealed significant negative relationship between autistic trait scores and activity in the 

posterior superior temporal sulcus (pSTS) during affective touch stimulation, suggesting an 

effect of trait sociability 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 more pleasant and more desired than either 3cm/sec or 30cm/sec strokes. 

This contrasts with previous studies where static touch on the palm was not rated more pleasant 

than CT-optimal touch (Walker et al 2017). CT afferents have never been found in the glabrous 

skin of humans, yet one explanation for this finding is that static touch on the palm is  typical 

of social interactions, whether as a form of non-verbal communication between individuals or 

a means of providing support to others (Coan, Schaefer, & Davidson, 2006; Fisher, Rytting, & 

Heslin, 1976; Johnson et al., 2013; Weekes, Kagan, James, & Seboni, 1993). It is interesting 

to note that, when directly experienced, CT-optimal touch on the palm is consistently rated as 

similarly pleasant to CT-optimal touch in CT-innervated locations (Morrison, Löken, et al., 

2011), Taken together, these findings suggest that ratings in the present study may reflect the 

learned quality of prosocial interactions (McGlone et al., 2012). However, contribution of Ab 

afferents to the emotional processing of touch have not been widely explored. It is hypothesised 

that gentle touch to an Ab innervated surface also result in a positive affective valence similar 

to CT-innervted sites. Furthermore, Ellingsen et al (2016) discussed how top-down context can 

modulate the perception of touch making past tactile interactions likely to affect future 

experiences.  

The questions presented to participants in this study measure their ability to experience 

empathically the touch depicted in the videos. Theoretically, a good empathic ability would 

show the most similar ratings of pleasantness and desire that first hand CT-optimal touch elicits. 
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However, a key limitation of this study is that participantôs trait empathic ability was not 

measured. The empathic ability of participants has been shown to affect their ability during 

tasks of embodiment or vicarious experience (Kaplan & Iacoboni, 2006; Minio-Paluello, 

Baron-Cohen, Avenanti, Walsh, & Aglioti, 2009; Rueda, Fernández-Berrocal, & Baron-Cohen, 

2014), therefore it would have been prudent to consider how this may have affected participants 

ratings of the videos. Furthermore, an important consideration in research with individuals with 

ASD is that many researchers have shown the ability to cognitively empathise is atypical while 

emotional empathy appears typical (Dziobek et al., 2008; Mazza et al., 2014). If individuals 

with the highest number of autistic traits were comparable to individuals with ASD then it 

would be expected that empathic ability would also be lower in this group. This would result 

in atypical vicarious experience and subsequent ratings of both pleasantness and desire for 

observed CT-optimal touch. However, it is important to note that individuals with average 

number of autistic traits were also not as sensitive to the specific value of CT-optimal velocities 

as individuals with the lowest number of autistic traits.  

A caveat to these results is with the nature of self-report measures. It is not possible to 

ascertain how truthful participants are being when reporting their responses. This may be 

particularly likely in an on-line experiment as conducted here. Thus, caution should be taken 

when considering 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 the rewarding value of CT targeted touch is learned (Morrison, Löken, et al., 2011). 

Thus, it would be of interest to determine when developmentally this preference is acquired, 

given the early identification of somatotopic maps (Marshall & Meltzoff, 2015; Saby, Meltzoff, 

& Marshall, 2013; Saby et al., 2015). In future research, it would be beneficial to determine to 

what extent the vicarious experience of affective touch is a learned behaviour and the age when 
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this is acquired. Research shows that first-hand experience of CT-optimal stimuli elicits similar 

responses to adults in infants (Fairhurst et al., 2014; Kida & Shinohara, 2013), young children 

and adolescents (Björnsdotter, Gordon, Pelphrey, Olausson, & Kaiser, 2014; Croy et al., 2017). 

This suggests that children do indeed process CT-optimal stimuli and thus should experience 

the typically pleasant, rewarding benefits of these social tactile interactions.   



69 
 

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 CT-optimal stimuli given the paucity 

of evidence. Croy et al (2017) reported a positive correlation for an affective touch index 

(preference for CT-optimal touch over other velocities) and participant age, suggesting that the 

older a participant was the more they showed a preference for CT-optimal stimuli. However, 

the cortical representation of CT-optimal stimuli is present in children younger than a year old 

(Jönsson et al., 2018; Kida & Shinohara, 2013). Croy, Sehlstedt, et al, (2017) showed that 

children showed a preference for CT-optimal velocities of touch, whilst this 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 responsivity has recently been added to the diagnostic criteria for 

ASD (American Psychiatric Association, 2013). In particular, reference is made to 

somatosensory experiences of pain, with studies suggesting that  ~70% of individuals with 

ASD experience some form of sensory processing abnormality (Zwaigenbaum et al., 2007). 

These sensory deficits have been shown across all modalities however, there is a paucity of 

evidence looking at deficits associated specifically with affective touch processing in ASD 

(Cascio et al., 2012; Kaiser et al., 2015).  These studies indicated that individuals with ASD 

displayed reduced cortical activity in regions such as the pSTS and Insula cortex in response 

to CT-optimal velocity. Furthermore, Cascio et al (2012) reported that, beyond the initial 

sensory integration of stimuli in S1 and SII, individuals with ASD showed little other activity 

in non-primary somatosensory areas in comparison to typically developing participants. These 








































































































































































































