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Abstract

Touching is the most intimate way of social interaction and also the first way of communicating
between the mother and the infant. In non-human primates social touching is also the primary
way of maintaining social relationships. The extant research suggests that social relationships also
govern the use of social touch in humans, but the role of social touch in human bonding in different
reproductive, affiliative, and kinship-based relationships remains unresolved.

This Thesis investigates social touching across different kin-based and affiliative relationships in
different cultures. This was done by using Internet-based surveys where participants from Finland,
France, Italy, Japan, Russia, and the United Kingdom indicated where they would allow different
members of their social network to touch them. Topographical organization of bodily regions
triggering sexual arousal in romantic relationships was established in a separate study. Finally,
functional Magnetic Resonance Imaging was used to reveal the neural correlates of experiencing
and anticipating touch from different individuals.

We found that touch is used in relationship-specific manner. The bodily area where touching was
allowed was linearly dependent on the emotional bond with the toucher. Moreover, the results
indicate that the use of social touch is culturally universal and culture-specific variation is minimal.
In romantic relationships, genitals and chest area had the highest potency for eliciting sexual
arousal, but partner's touch to practically any bodily area could elicit significant sexual arousal.
Finally, neuroimaging data established that relationship-specific information regarding social touch
is represented already in the early sensory cortices.

These findings highlight the central role of social touch in human relationships. Together with
earlier work these results suggest that humans do use social touch to establish and maintain social
relationships, both in romantic pair bonds and in the wider social network.
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Koskettaminen ihmisten intiimein kanssakdymisen muoto ja ensimmaéinen viestintdkanava didin
ja lapsen vililld. Muut kadelliset kéayttavat sosiaalista koskettamista sosiaalisten suhteiden
ylldpitoon. Sosiaaliset suhteet sdételevit koskettamista my6s ihmisilla, mutta sosiaalisen
koskettamisen merkitysta erilaisissa sukulaisuuteen, romanttiseen kiintymykseen ja ystavyyteen
perustuvissa suhteissa ei tunneta tarkasti.

Téssa vaitoskirjassa tutkittiin sosiaalista koskettamisesta erilaisissa ihmissuhteissa useissa eri
kulttuureissa. Tutkimus suoritettiin Internet-kyselyin4, joihin vastasi brittildisi4, italialaisia,
japanilaisia, ranskalaisia, suomalaisia ja venildisia koehenkil6ita. Tutkittavat merkitsivat
ihmiskehon kuviin alueet, joihin he antaisivat sosiaalisen verkostonsa eri jasenten koskea itsedén.
Erillisessa tutkimuksessa selvitettiin myos kehon kartat alueista, joiden koskettaminen aiheuttaa
seksuaalista kiithottumista. Liséksi sosiaalisen koskettamisen hermostollista perustaa tutkittiin
toiminnallista magneettikuvantamista kédyttden.

Tulokset osoittivat, ettd kosketusta kdytetdan eri tavoin eri ihmissuhteissa. Mité ldheisempi kahden
henkilon vilinen sosiaalinen suhde oli, sitd laajempaa aletta he antoivat toisen koskettaa
kehostaan. Sosiaalinen koskettaminen oli my6s hyvin samanlaista eri kulttuureissa ja kulttuurien
viliset erot olivat pienii. Erityisesti genitaalien ja rintakehdn alueiden koskettaminen koettiin
seksuaalisesti kiithottaviksi, mutta puolison kosketus lihes koko kehon alueelle voi olla
seksuaalisesti kiihottavaa. Aivokuvantaminen osoitti, ettd kosketukseen liittyvaa sosiaalista tietoa
kasitelladn jo varhaisilla tuntoaivokuorilla.

Tulokset korostavat sosiaalisen koskettamisen merkitystd ihmissuhteissa. Yhdessa aikaisempien
tutkimusten kanssa tulokset osoittavat, ettéd sosiaalista koskettamista kaytetdan ihmissuhteiden
muodostamisessa ja yllapitdmisessd, seké parisuhteissa ettd myos laajemmassa sosiaalisessa
verkostossa.
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1. Introduction

Social touch has a rich evolutionary history, with many of our non-human primate rel-
atives devoting up to 20% of their waking hours grooming one another (Lehmann,
Korstjens, & Dunbar, 2007). This is done for hygiene reasons, but also to service social
relationships within the group (Dunbar, 2010). As a result, primates, unlike many
other vertebrates, have non-reproductive bonds (‘friendships’, see Silk, 2002) that are
stable over time (Shultz & Dunbar, 2007).

Humans have taken this a step further. Humans have broad social networks, with the
average number of members of a person’s active social network at around 100 (Hill &
Dunbar, 2003; Roberts, Dunbar, Pollet, & Kuppens, 2009). This network consists of
both kin (relatives) and non-kin (friends, acquaintances) members (Roberts et al.,
2009), with differing amounts of importance to (or closeness with) the individual (Hill
& Dunbar, 2003; Roberts et al., 2009).

These relationships require active maintenance. While non-human primates use
grooming for servicing social relationships, humans have evolved to use language as a
tool for communication and social bonding (Dunbar, 1993). Although language is a
prevalent method for interpersonal contact in humans, social touch still plays a prom-
inent role.

In some human relationships, touching is socially acceptable and widely used. For
example, romantic couples engage in touching. Touching is also the first mode of com-
munication between a parent and a baby. In dyadic relationships between two adults
who are not romantically or sexually linked, the role of touch is still important. How-
ever, touch in these non-romantic relationships has remained elusive.

In this thesis, I show that social touch plays a major role in the establishment and
maintenance of a multitude of affiliative bonds in humans. I do this by inspecting how
and why different people are touched (Study I), the cultural variation in social touch in
different cultures (Studies I and II), the use of touch in sexual intercourse (Study III)
and the neural correlates of social touch as a function of the toucher (Study IV).

1.1 Touch processing in the nervous system

The skin is our largest organ. While any sensation arising from contact on the skin is
often thought as ‘touch’, skin has several different sensory receptor types. There are
specialised receptors and pathways for perceiving and processing touch (mechanical),
temperature (thermal), pain (nociceptive) and itch (pruritic) stimuli. For the purposes
of this thesis we will mainly focus on mechanical stimuli. Touch, in the context of this
thesis, is defined as non-painful mechanical stimuli (Zimmerman, Bai, & Ginty, 2014).



Introduction

Mammals have two types of skin: hairy (non-glabrous) and non-hairy (glabrous).
Most of the skin in humans is covered in short, non-pigmented vellus hairs and/or
long, thick, pigmented terminal hairs. This is called non-glabrous skin. In contrast, the
skin in for example the soles of the feet, palms of the hands and the lips does not con-
tain any type of hairs. This skin is called glabrous. This distinction is relevant, because
some touch receptors (discussed in more detail in Sections 1.1.1 and 1.1.2) only occur
in glabrous and some in non-glabrous skin.

1.1.1  Discriminatory touch

To handle objects of different shapes and sizes, we need to be able to detect their tex-
ture, slip, vibration, and pressure. Such discriminative touch is supported by a number
of touch receptors, jointly called low-threshold mechanoreceptors (LTMRs). LTMRs
are the sole mediator of human discriminative tactile sensibility (McGlone, Vallbo,
Olausson, Loken, & Wessberg, 2007).

There are a number of different LTMRs in the skin, which help us to detect different
properties of a stimulus. The sensation of touch originates from the contact with a stim-
ulus within the receptive field of a specialised mechanoreceptor. This causes the rele-
vant afferent (i.e. a nerve transmitting information from the periphery towards the
central nervous system) to transmit a signal. A mechanoreceptive afferent can encode
multiple features of the tactile stimulus. When several afferents are activated together,
this can give rise to distinct percepts, such as the feeling of a gentle breeze on our skin
(Abraira & Ginty, 2013).

LTMRs are innervated by myelinated Af-afferents. These are very fast neurons, with
conduction velocities between 16-100 m/s (Abraira & Ginty, 2013; Buchthal &
Rosenfalck, 1966; Knibestol, 1975). The fast conduction velocity is necessary for han-
dling objects without breaking them. LTMRs are not uniformly distributed around the
body. Densely innervated locations include fingertips and the face, whereas the back
has significantly fewer mechanoreceptors. This contributes to different tactile detec-
tion thresholds across sites.

1.1.2 The C-tactile system

The fast myelinated A-fibres encode discriminative information about a tactile stimu-
lus but they only make up around 10-25% of afferent nerves (Griffin, McArthur, &
Polydefkis, 2001; McGlone, Wessberg, & Olausson, 2014). The majority of afferents are
unmyelinated or thinly myelinated C-afferents. Most C-afferents are thought to re-
spond to nociceptive stimuli, such as heat, cold, or mechanical noxious stimulus
(Abraira & Ginty, 2013). However, there is a group of C-afferents, called C-tactile (CT)
afferents, that respond to stimuli below nociceptive range (Vallbo, Olausson,
Wessberg, & Norrsell, 1993). These afferents do not exist on the glabrous skin (Vallbo,
Olausson, & Wessberg, 1999). CT afferents, being small and unmyelinated, have a
much lower conduction velocity (approx. 0.9 m/s, Vallbo et al., 1999) than the AB-af-
ferents.

C-fibres contribute to processing of affective features of touch, responding selectively
to slow, stroking-type touch (Vallbo et al., 1993). The optimal speed for CT afferent
receptive field is around 1-10 cm/s, which is also the speed that is considered the most
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pleasant by people (Y.-S. Lee et al., 2018; Loken, Wessberg, Morrison, McGlone, &
Olausson, 2009). CT afferents also respond most vigorously to stroking at skin tem-
perature (Ackerley et al., 2014). Due to these features, and the slowness of the signal-
ling, it has been suggested that CT afferents would be relevant for the affective pro-
cessing of touch (Morrison, Loken, & Olausson, 2010).

These afferents were discovered in human relatively recently, most likely because it
is impossible to stimulate them without also stimulating A8 afferents. Detecting them
was possible due to a technique called microneurography, which allows recording ac-
tivity from individual afferent nerves in awake humans (Vallbo & Hagbarth, 1968;
Vallbo et al., 1993). Further proof of the function of these fibres was provided by a sub-
ject, G. L, who had a selective loss of large-diameter myelinated afferents. G.L. was able
to detect soft, stroking touch on the hairy skin (i.e. an area with CT-receptors), but not
on the glabrous skin of the palm (Olausson et al., 2002).

1.1.3 Cortical processing of touch

Discriminative and emotional aspects of tactile stimuli are processed in different parts
of the brain (Francis et al., 1999). Discriminative touch is transmitted via the thalamus
to the primary somatosensory cortex (S1). S1 comprises four cytoarchitectonic areas,
the Brodmann areas 1, 2, 3a and 3b (BA1, BA2, BA3a, BA3b) (Kaas, 2004). These areas
constitute a processing hierarchy, with areas 3b and 3a acting as true primary soma-
tosensory processing areas and areas 1 and 2 as secondary areas (Eskenasy & Clarke,
2000). For example, while area BA3b responds to experienced tactile stimuli, area 2 is
also active when observing others handle objects (Gazzola & Keysers, 2009). From S1,
the signal is transmitted to secondary somatosensory cortex (S2), where it is integrated
with input from other sensory modalities (Keysers, Kaas, & Gazzola, 2010).

Studies with the neuronopathy patient G. L. have confirmed that the CT afferents
project to different cortical areas than AB afferents. While neurotypical controls
showed clear activation on S1, S2, and insular cortex in response to CT-optimal soft
brush stroking, patient G.L. shows no activation in S1 or S2. In contrast, posterior in-
sula responded to the stroking both in controls and in G. L. showing that CT-afferents
would project directly to IC (Olausson et al., 2002).

Much less is known about the cortical processing of the social and affective features
of non-painful touch. Out of the different affective dimensions, the pleasantness of
touch has been the most studied. Pleasant touch causes activity changes in orbitofron-
tal cortex (Francis et al., 1999; McCabe, Rolls, Bilderbeck, & McGlone, 2008), anterior
cingulate cortex (Case et al., 2016; Rolls et al., 2003) and superior temporal sulcus
(Davidovic, Bjornsdotter, Olausson, & Bjornsdotter, 2016). While different studies
have found different cortical correlates for the pleasantness of touch, these findings are
not mutually exclusive since the experimental set-ups are slightly different from exper-
iment to experiment.

S1 is not typically involved in the processing of affective dimensions of touch. For
example, one TMS study found that inhibitory repetitive transcranial magnetic stimu-
lation (rTMS) over S1 did not alter the experienced pleasantness of touch (Case et al.,
2016). However, S1 might still be involved in the processing of social features of the
touch (Gazzola et al., 2012; Scheele et al., 2014). In one fMRI study, male subjects were
led to believe that they were touched by an attractive female or a less attractive male
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confederate, when in reality they were always touched by the same experimenter blind
to the experimental condition. The cortical responses to these two actors differed sig-
nificantly in S1, specifically in BA1 and BA2 (Gazzola et al., 2012). These results were
replicated by Scheele et al. (2014). Also OFC was sensitive to the visual sex (Gazzola et
al., 2012). Thus, while the cortical processing of discriminative touch is fairly well un-
derstood current understanding of the processing of affective and social features of
touch is still quite poorly understood.

1.2 Relationship-specificity of touch

In everyday social interaction, you likely encounter different types of social touch.
These are intentional touches, often conducted by hand. These touches can be ‘simple’,
meaning brief, intentional contact to a restricted area, such as tapping a person’s shoul-
der to get their attention. They can be ‘protracted’, when a contact is extended and
often combined with pressure, like a hug. Intentional touch can also be ‘dynamic’, i.e.
combining sustained contact and movement, like stroking (Morrison et al., 2010). All
of these different types of touches can have different meanings, and that meaning can
change depending on the relationship between the toucher and the person being
touched.

Touch can convey a powerful message!. Imagine you're at a pub, and your partner
wraps their hand around you from the back. You lean in contentedly, and then you
realise that the hand belongs to a stranger. The touch you enjoyed just a moment ago
suddenly turns unpleasant and unwelcome. It is thus clear that many aspects of touch
depend on the identity of the toucher.

1.2.1  Perceptions of social touch

Like most other forms of communication, the act of one person (the sender) intention-
ally touching another person (the receiver) can be interpreted as a message. Changing
any of these three features (the sender, the touch, the receiver) can change the message.
For example, the sex of the sender (Gazzola et al., 2012; Heslin & Alper, 1983), the sex
of the touch recipient (Heslin & Alper, 1983; Nguyen, Heslin, & Nguyen, 1975), the
relationship between the toucher and the person being touched (Heslin & Alper, 1983;
Jones & Yarbrough, 1985; Thompson & Hampton, 2011), the ages of the interactants
(Harrison-Speake & Willis, 1995), the type of touch used (Burgoon & Newton, 1991;
Hertenstein, Holmes, McCullough, & Keltner, 2009; Heslin & Alper, 1983; Kirsch et
al., 2018; Nguyen et al., 1975) and the location where the touch is applied (Nguyen et
al., 1975) can all impact the inferred message.

These messages are quite well understood in naturalistic interaction (Jones &
Yarbrough, 1985). While naturally occurring touches are accompanied by contextual
cues, some complex messages can be understood even when stripped of contextual
cues (Hertenstein et al., 2009; Thompson & Hampton, 2011). For example, discrete
emotions can be communicated via touch even in the absence of any visual cues

" Touching can sometimes be unintentional. For example, exiting a crowded bus you might brush against people as you
squeeze through them. Unintentional touches like these do not, by definition, convey any intentional messages. For the pur-
poses of this Thesis, we will be always talking about intentional touch.
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(Hertenstein et al., 2009), but the types of touches used to communicate these emo-
tions depends on whether the toucher and the person being touched are strangers or a
romantic couple (Thompson & Hampton, 2011).

Table 1. Categories of touch according to Heslin & Alper (1983). An example for each type of touch is presented in
the third column, as well as tentative information about for whom this type of touch is acceptable or not acceptable

Category Type of touch* | Example of this type of Acceptable for Not acceptable for
# touch
1 functional A medical examination Professionals (e.g. medical | Not well known
professional (Heslin & Alper, 1983; providers, security person-
Schroeder, Fishbach, Schein, nel) (Heslin & Alper,
& Gray, 2017) 1983; Schroeder et al.,
2017)
2 social A handshake (Heslin & Alper, | Most people, including Acceptable for most people
politet 1983) strangers (Jones & (Jones & Yarbrough, 1985)
QL Yarbrough, 1985)
£
= 3 friendship A hug (Forsell & Astrém, Not well known Not well known
= warmth 2012)
g
]
2 4 love Stroking the face (Aznar & Sexual intimates and close | Less common in non-ro-
intimacy Tenenbaum, 2016; Nguyen et friends (Jones & mantic male-male pairs
al., 1975) Yarbrough, 1985) (Jones & Yarbrough, 1985)
children (Aznar &
Tenenbaum, 2016)
5 sexual arousal Rubbing breasts (Curtis, Eddy, | Sexual partner Most other people, for ex-
or desire Ashdown, & Feder, 2012), ample same sex friends
stroking (Kirsch et al., 2018; (Heslin & Alper, 1983)
v Nguyen et al., 1975) and co-workers (J. W. Lee

& Guerrero, 2001)

*according to (Heslin & Alper, 1983)
"also called ‘ritualistic touch’

While the number of potential messages conveyed by touch is large, attempts at cate-
gorising have been made. One such categorisation is by Heslin & Alper (1983), who
divide touches into five categories based on the relational messages they convey (pre-
sented in Table 1). They propose that people are most uneasy about touches in the
friendship/warmth category, because there is a possibility that these would be inter-
preted as conveying love or sexual interest.

These messages and their interpretations are highly relationship-dependent: not all
messages are socially acceptable in all relationships (see also Table 1). Consequently,
there are relationship-specific expectations concerning where and why touching is ap-
propriate. Touches, which are not congruent with these relationship-specific expecta-
tions, are experienced as inappropriate. For example, a touch indicating sexual attrac-
tion is considered inappropriate when coming from a person the touch recipient is not
sexually interested in, such as a co-worker (J. W. Lee & Guerrero, 2001) or a platonic
friend (Heslin & Alper, 1983). More generally, Heslin & Alper (1983) suggest that
touch, which conveys a message not congruent with the touch recipient’s view of the
relationship, can be experienced as uncomfortable (Figure 1).

Many of the relational messages conveyed by touch are straightforward. For example,
slow stroking touch is interpreted as loving, sexual, and pleasant (Kirsch et al., 2018;
Nguyen et al., 1975). Such meanings are conveyed even in the absence of contextual
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cues (Kirsch et al., 2018). Other types of action, such as a hug or a kiss, are interpreted
as very intense expressions of affection when used in the context of a friendship (Floyd,
1997). These meanings tied to different types of touches can impact the way a touch is
interpreted.

High

Discomfort

Low

Low Intimacy of Touch High

Figure 1. A theoretical model of affective responses to different types of touch by different members of the social
network. Figure adapted from (Heslin & Alper, 1983)

This type of signalling by touch can also convey relational information about the dyad
to observers. For example, couples engaged in touch are perceived as more close than
couples not engaging in social touch (Kleinke, Meeker, & La Fong, 1974). Indeed,
merely seeing a touch from the third person perspective can impact how people literally
see a situation, i.e. modify the eye movement patterns (Schirmer, Ng, & Ebstein, 2018).

Type of the dyadic relationship impacts the bodily areas where people touch and are
touched by people in their social networks (Barnlund, 1975; Jourard, 1966; Rosenfeld,
Kartus, & Ray, 1976). This might be partially due to the fact that the meaning of touch
can also depend on the body area that is touched. For example, a touch by the romantic
partner on the forehead can be seen as conveying warmth/love whereas a touch on the
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chest is interpreted as a sign of sexual desire (Nguyen et al., 1975). The topographies of
acceptable touch, i.e. where touching is acceptable, have been inspected with respect
to friends (Barnlund, 1975; Heslin, Nguyen, & Nguyen, 1983; Jourard, 1966; Rosenfeld
et al., 1976; Tomita, 2008), parents (Barnlund, 1975; Jourard, 1966; Rosenfeld et al.,
1976), and strangers (Heslin et al., 1983). However, the topographies are not known
for a number of different social relationships, such as other family members or ac-
quaintances.

To summarise, the messages sent by touching are highly context and relationship-
specific. It is known that some types of messages are clearly out of bounds for some
types of relationships, such as the touches indicating sexual interest in a co-worker.
However, there has not been a thorough investigation of the appropriateness of differ-
ent touches in the multitude of relationships that comprise our social networks.

1.2.2 Social touching behaviour

Three methods have been used to measure real-life touching behaviour: observations,
real-time reporting (log) methods, and recall-based methods (Thayer, 1986). They can
all provide different information about touching behaviour in real life scenarios.

Observations typically take place in a public space where researchers can either code
in real-time (Dibiase & Gunnoe, 2004; Guerrero & Andersen, 1991, 1994; J. A. Hall,
1996; J. A. Hall & Veccia, 1990; Heslin & Boss, 1980; Major, Schmidlin, & Williams,
1990; McDaniel & Andersen, 1998; Willis & Briggs, 1992; Willis & Dodds, 1998; Willis
& Hoffman, 1975) or record (Burgoon & Le Poire, 1999; Ferber, Feldman, & Makhoul,
2008; Remland, Jones, & Brinkman, 1991, 1995) the touching behaviour. Observa-
tional studies tend to try and categorise differences in touch frequencies or types with
respect to different groups of people. For example, touching has been found to occur
relatively infrequently, in around 9%-20% of interactions (J. A. Hall & Veccia, 1990;
Remland et al., 1991, 1995). Dibiase & Gunnoe (2004) found that men engage in more
hand-touches whereas women engage in more non-hand touches. Other studies have
found that women are more likely to initiate touch while there is no difference in touch
receipt between the genders (Willis & Rinck, 1983).

Recall-based methods ask subjects to report, for example, which touch behaviours
they have engaged in in the past year (Jourard, 1966) or in the past in general
(Barnlund, 1975; Jourard & Rubin, 1968). Recall-based studies show that the areas in
which participants reported being touched by and touching a particular person (for
example a mother) are strongly correlated (Barnlund, 1975; Jourard, 1966; Jourard &
Rubin, 1968). There is also weak support for this from the log methods studies, where
it was found that individuals, who initiate more touches, also receive more touches
(Jones, 1986). Both of these results emphasize touching as a reciprocal mode of com-
munication, where touching and being touched is tightly linked.

Log methods require individuals to keep track of all of the touches they are a part of
within a particular time frame. Jones & Yarbrough (1985) found that in their sample,
most naturally occurring touches could be categorised to convey one of 12 meanings
(support, appreciation, inclusion, sexual interest or intent, affection, playful affection,
playful aggression, compliance, attention- getting, announcing a response, departure,
and greeting), and that many of the meanings only arise in particular relationships. For
example, touches signalling inclusion mainly occurred between romantic partners and
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close friends whereas greeting touches occurred in all relationships (Jones &
Yarbrough, 1985).

All of these three methods have distinctive drawbacks. First, observations allow for a
diverse subject pool but severely limit the potential contexts, which is problematic
since touch behaviour is modulated by the setting (Major et al., 1990; Willis & Rinck,
1983). Second, recall-based methods are particularly susceptible to different kinds of
memory-related biases, depending on the recall period, which may result in the re-
sponses not describing actual behaviour (Bolger, Davis, & Rafaeli, 2003). Third, while
log methods give potentially the most thorough view of touching behaviour, they re-
quire highly motivated participants limiting the potential subject pool and just keeping
the log may interfere with subjects’ actual touching behaviour (Wheeler & Reis, 1991),
potentially biasing the results. These challenges are particularly relevant when consid-
ering touch behaviour in diverse cultures, which is discussed in Section 1.3.

1.2.3 Relational, cognitive, and physiological effects of social touch

Touching and being touched can feel extremely good (Triscoli, Croy, Olausson, &
Sailer, 2017). In fact, some research suggests that we are hard-wired to touch. Another
person’s skin is perceived as more pleasant than our own (Gentsch, Panagiotopoulou,
& Fotopoulou, 2015; Guest et al., 2009), possibly driving the wish to touch. Moreover,
being touched is even more pleasant than touching (Triscoli et al., 2017).

Pleasantness of touch is highest when the touch is done at skin temperature (Ackerley
et al., 2014) and at CT-optimal speeds (Loken et al., 2009). CT-optimal touch is con-
sistently rated as more pleasant than non-CT optimal touch across different age groups
(Croy, Sehlstedt, Wasling, Ackerley, & Olausson, 2017; Sehlstedt et al., 2016). Indeed,
when people are told to stroke another human, they do so spontaneously at CT-optimal
speeds (Croy et al., 2015). The perceived pleasantness of touch is also linked with the
identity of the toucher, even when there is no difference in the tactile input (Gazzola et
al., 2012; Nummenmaa, Tuominen, et al., 2016). The drive to be touched is so strong
that it can even impact the perception of time (Ogden, Moore, Redfern, & McGlone,
2015).

In addition to eliciting pleasant sensations, social touching can have causal behav-
ioural, psychological, physical, and relational effects on the person being touched
(Jakubiak & Feeney, 2016b). Social touch can impact compliance and pro-social be-
haviour. For example, brief touch increases the tips given to a waitress (Crusco &
Wetzel, 1984), improves interpersonal evaluations (Erceau & Guéguen, 2007; Fisher,
Rytting, & Heslin, 1976; Hornik, 1992), enhances compliance (Guéguen, 2004), and
pro-sociality (Kleinke, 1977). This effect has been named ‘Midas touch’ by Crusco and
Wetzel (1984). A meta-analysis on the impact of social touch on compliance shows that
the effect size seems to be relatively small, but consistent (Segrin, 1993); the impact of
touch on compliance is also stronger when the person being touched notices the touch
(Joule & Guéguen, 2007).

Both laboratory studies (Ditzen et al., 2007; Grewen, Anderson, Girdler, & Light,
2003) and intervention studies (Floyd et al., 2009; Holt-Lunstad, Birmingham, &
Light, 2008) show that social touch can buffer stress. Similar benefits can be obtained
just by imagining receiving supportive touch (Jakubiak & Feeney, 2016¢) and this ef-
fect is stronger when the toucher is one’s partner (Coan, Schaefer, & Davidson, 2006).
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Similarly, holding the partner’s (but not a stranger’s) hand has an analgesic effect
(Goldstein, Shamay-Tsoory, Yellinek, & Weissman-Fogel, 2016). Moreover, non-social
CT-optimal touch (brushing with a soft brush) can alleviate physical (Liljencrantz et
al., 2017) and social (von Mohr, Kirsch, & Fotopoulou, 2017) pain.

Interpersonal touch can also have beneficial effects on somatic health. Touching el-
derly patients when encouraging them to eat can cause them to ingest more nutrition
(Eaton, Mitchell-Bonair, & Friedmann, 1986). In an interesting study, Cohen et al.
(2015) tracked the number of hugs the subjects received and then subjected them to a
common cold infection. The subjects who had reported receiving hugs more frequently
had a lower risk of infection than those who received less hugs. It is not clear whether
these health effects are a direct result of the touch or whether touch serves as an indi-
cator of strong social relationships, which in turn are linked to positive health out-
comes (Jakubiak & Feeney, 2016b; Sbarra & Coan, 2017).

1.2.4 Touching in a romantic relationship

Romantic pair bond is a special type of relationship. Touch in romantic pairs has been
studied much more than in other types of relationships. Consequently, the use and ef-
fects of social touch in a romantic relationship are much better known than use and
effects of social touch in other types of relationships. Touching in romantic relation-
ships is not stable over time but instead is modulated as a function of the stage of the
relationship (Emmers & Dindia, 1995; Guerrero & Andersen, 1991). This might be due
to the perception of touches changing as a function of the relationship stage (Hanzal,
Segrin, & Dorros, 2008). For example, unmarried women experience touches from
their romantic partner as less pleasant and less loving than married women (Hanzal et
al., 2008).

In romantic relationships touch is used to express affection (Hertenstein, Verkamp,
Kerestes, & Holmes, 2006). There is a well-established connection between relation-
ship satisfaction and physical affection (touching) between partners (Gulledge,
Gulledge, & Stahmannn, 2003; Muise, Giang, & Impett, 2014). This effect is found in
both older and younger couples and in different cultures (Heiman et al., 2011; Kontula,
2016). The type of touch does not seem to be important: kissing, hugging, cuddling and
back rubs all correlate with relationship satisfaction (Gulledge et al., 2003).

Touching does not have to be spontaneous to improve relationship satisfaction. A
simple experimental intervention, where participants were told to kiss their partners
more often, also increased the relationship satisfaction in that group (Floyd et al.,
2009). This suggests that social touch is not merely a marker of a good relationship,
but rather contributes to it.

The causal mechanisms via which touch impacts relationship satisfaction remains
unknown. Jakubiak and Feeney (2016b) outline possible links between relationship
satisfaction (‘relational well-being’) and touch receipt. They propose that receiving af-
fectionate touch can promote feelings of attachment and acceptance, which in turn
would make the person who was touched to view their relationship more favourably
(Jakubiak & Feeney, 2016b).

Affectionate touch is also used for modulating emotional states within the relation-
ship. Affectionate touch by one’s partner can, for example, reduce feelings of jealousy
(Kim, Feeney, & Jakubiak, 2017), potentially via enhancing felt security (Jakubiak &
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Feeney, 2016a). Touch in a romantic relationship is known to also increase trust in the
relationship (Nelson & Geher, 2007). More generally, touch has been implicated in
playing a role in the emotion regulation within a couple (Debrot, Schoebi, Perrez, &
Horn, 2013).

Touching can also be used for eliciting sexual arousal. This is primarily restricted to
short-and long-term prospectively reproductive relationships. Touching is widely used
as a sexual initiation cue and it is very reliably recognised as such (Curtis et al., 2012).
In particular CT-optimal touching speeds are interpreted as erotic (Jonsson et al.,
2015) or as conveying arousal, lust, and desire (Kirsch et al., 2018). However, some
types of touch, specifically cuddling, can be conceptually perceived as non-sexual and
still experienced as sexual (Van Anders, Edelstein, Wade, & Samples-Steele, 2013).
Moreover, issues with sex (specifically female sexual problems) can also impact atti-
tudes toward non-sexual touch (Rancourt, MacKinnon, Snowball, & Rosen, 2016).
These findings highlight the relevance of investigating both non-sexual and sexual
touching in romantic couples.

1.3 Social touch in different cultures

Cultures have classically been divided into ‘contact’ and ‘non-contact’ cultures (E. T.
Hall, 1969) based on the differences in social touching. A traveller trying to navigate
the appropriate greetings in Northern and Southern Europe or Asia would likely find
this a reasonable distinction. And indeed, there is some support to this view.

Observational studies have found a difference in frequency of social touching across
different cultures. Remland et al. (1995) found that Greek and Italian dyads used social
touch more frequently than English, French, and Dutch dyads in public places. The
proportion of Greeks using social touch was 21%, the Dutch were at 4%, with Italians,
Irish, British, Scottish, and French between these two extremes (Remland et al., 1995).
Some studies also suggest that different cultures use different types of touch (Dibiase
& Gunnoe, 2004; Regan, Jerry, Narvaez, & Johnson, 1999) or touch in more body areas
as a part of ritualistic leave-taking (McDaniel & Andersen, 1998). Jourard (1966) ob-
served the frequency of touches at a cafe table in four different countries. He found that
people in Puerto Rico and Paris touched more frequently than people in the UK or con-
tinental US (although the sample size seems to have been diminutive).

Topographies (where people touch each other) may also vary across cultures. In a
self-report study Barnlund (Barnlund, 1975) compared touch zones in Japanese and
American students. He found that, while America has been called a non-contact cul-
ture, American subjects reported more comfort with being touched by their parents or
friends (Barnlund, 1975).

However, judging cultural differences in touch behaviour is not easy, mostly because
reliably studying touching behaviour is difficult in general (see Section 1.2.2). The
cross-cultural data mainly stem from observations in public places and most of these
studies have modest sample sizes per culture, resulting in low statistical power. All of
these factors make the aforementioned results less reliable and less generalisable. The
methodological challenges limit the conclusions that can be drawn from the existing
cultural comparisons and highlight the need for more comprehensive comparisons of
touch in different cultures.
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2. Objectives

Earlier attempts at quantifying the relationship-specificity of touch have yielded incon-
clusive results. Typically, they have included only some relationships (e.g. Heslin &
Alper, 1983; Jourard, 1966) or been conducted in limited, mainly public, settings (e.g.
Dibiase & Gunnoe, 2004; Guerrero & Andersen, 1994). These are serious shortcom-
ings, since a typical social network includes many individuals with different formal re-
lationships (Dunbar, 2018; Roberts et al., 2009) and social touching is known to vary
as a function of the setting (Major et al., 1990; Willis & Rinck, 1983).

Moreover, possible cultural differences in social touch are poorly understood. Studies
covering multiple settings and relationships (i.e. using log or recall based methods)
generally only use a single-culture sample (Jones, 1986; Willis & Rinck, 1983). Obser-
vational studies, where several cultures were included, have used relatively uninforma-
tive metrics such as number of dyads using touch in a particular public setting
(Remland et al., 1995). These studies thus yield an incomplete picture on how social
touch is used in different relationships and in different cultures.

Touching is also abundant in romantic relationships. One reason social touch is used
particularly in pair bonds is for eliciting sexual arousal. While it seems that numerous
bodily areas may have capability for triggering sexual arousal upon touch (Turnbull,
Lovett, Chaldecott, & Lucas, 2014), it is not clear whether these differ when touching
oneself and being touched by a partner.

In this thesis, I present two studies investigating the relationship-specificity and cul-
tural variability of the use of social touch. Furthermore, I present one study inspecting
the neural correlates of social touch and one study investigating sexually arousing
touch. The aim of this thesis was to quantitatively inspect peoples’ perceptions of the
use of social touch in their social networks. We also investigated the cultural variation
in the relationship-specific social touching allowances.

The specific aims of the individual studies were:

i.  To establish relationship-wise topographies of acceptable social touch over the

range of an individual’s social network and describe any cultural variation in
these (Study I).

ii.  To describe the cultural variation in relationship-specific touching allowances
between West European (British) and East Asian (Japanese) cultures (Study II).

iii. ~ To quantify the difference in the use of touch for sexual pleasure during mastur-
bation and sex with partner (Study III).

iv.  To investigate the neural basis of encoding relationship-specific aspects of af-
fective touch (Study IV).
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3. Materials and Methods

3.1 Subjects

The subjects in the studies were recruited mainly via online advertisements. In Studies
I and III, where the data were collected using an online tool, the subjects in the Finnish,
Russian, Italian, and French samples were collected using advertisements posted to
different discussion forums, on social media, and mailing lists. The British sample
(Studies I and IT) and the Japanese sample (Study IT) were collected using incentivised
survey data collection services, Maximiles and MyVoice Communications, respectively.
The numbers of subjects and their gender and age distributions are presented in Table
2. The subjects in Study IV were 10 romantic couples who had been going steady for at
least 6 months prior to scanning. All subjects were healthy, right-handed, and with
normal or corrected-to-normal vision. Conventional fMRI exclusion criteria were ap-
plied. The subjects in Studies I - III gave informed consent online prior to starting the
experiment, while the subjects in Study IV gave written informed consent at the begin-
ning of the scanning session.

Table 2. Participant statistics for each study and sample

Study |, Study |, Study Il Study Study
Exp. 1 Exp. 2 111 v
Study type On-line On-line On-line On-line | fMRI
Culture Finnish Finnish French Italian Rus- British British Japa- Finnish | Finnish
sian nese
Sample size | 91 194 111 462 56 545 386 254 704 19
61F 159 F NF 360 F 45F 229 F 172 F 121F 528 F 9F
30M 35M 21 M 102 M 1M 316 M 214 M 133 M 176 M 10M
Age M (SD) | 28.2(9.2) | 31.9 31.1 32.5 26.3 44.7 46.0 40.1 26 29
in years (11.7) (14.0) (22.3) (10.6) (12.9) (12.6) (14.6) (6.5) 8)

3.2 On-line data collection

The data in Studies I-III were collected using in-house on-line survey tools. These tools
were web browser based, which meant that the subjects were able to fill in the ques-
tionnaires from their own homes, using their own devices. All of the studies included
background questions and multiple choice, Likert-like scales. The background ques-
tions included age, sex, weight, height, and education level of the respondent. The par-
ticipants also included information about their social network. In Studies I and II the
participants filled in information about their whole social network (described in more
detail below), while in Study III they only answered questions about their romantic
relationship.
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For mapping the social network in Studies I and II, the participants were presented
with a list of 13 candidate members, [partner, mother, father, sister, brother, aunt, un-
cle, female cousin, male cousin, female friend, male friend, female acquaintance, male
acquaintance], and they reported whether they had at least one exemplar of this formal
relationship (e.g. at least one female cousin) in their social network. In addition to
these 13 members, we also added a male and a female stranger to the network. The
subjects were then asked to provide background information about the members of
their social network and strangers. The background information included the approx-
imate ages (set to subject’s own age for strangers), time since last seeing them (set to 0
for strangers), how strong an emotional bond they felt with that person, and how pleas-
ant they thought a touch from this person would feel.

Study III also required participants to estimate their own attractiveness as well as to
fill in the Sell Assessment of Sexual Orientation (Sell, 1996) and Derogatis Sexual Func-
tioning Inventory (Derogatis & Melisaratos, 1979). Participants, who reported being in
a relationship also completed a questionnaire on relationship quality (Fletcher,
Simpson, & Thomas, 2000).

3.3 The emBODY tool

In all of the studies, data were also recorded using the emBODY colouring tool
(Nummenmaa, Glerean, Hari, & Hietanen, 2014). This tool consists of a screen with a
body shown from the front and back (Figure 2a) and a text prompt describing the task.
The subjects can colour any area of the screen using their mouse or a touch pad.

In Studies I, I, and IV the task was to indicate areas that are acceptable to touch in
different relationships. After completing background questions and before being
shown the emBODY screen, the subjects were instructed in the colouring task. The
subjects were told to colour in all areas of the body where they would feel comfortable
with a particular member of their social network (such as their sister) touching them
in different everyday situations. In Studies I and II the subjects coloured relationship-
specific touch allowance maps for all members of their social network. In Study IV, the
subjects only provided the touch maps for their partner and a male and a female
stranger. An example of the subject-wise touch maps is shown in Figure 2b.

In Study III, the subjects indicated areas whose touching they found sexually arous-
ing while masturbating or having sex with a partner and the areas they assumed a
member of the opposite sex would find sexually arousing. The tool was otherwise sim-
ilar, but the background image was not the simplistic line drawing shown in Figure 2,
but a photorealistic, nude male or female figure with full anatomical detail.
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d Colourin the areas where
your sister
could touch you

click here when ready

Figure 2. Data collection using the emBODY tool. (a) The screen shown to subjects with two empty bodies and
colouring prompt. (b) Example of one subject’s colouring response. (c) Example of resulting maps after data pre-
processing and statistical analysis.

The data were stored as matrices, where both front and back of the body were repre-
sented by approximately 171 (width)*522 (height) pixels. After data collection, the data
were screened for anomalous painting patterns, such as extensive painting outside of
the body outline. The data from all subjects were then combined, and the results com-
bined into statistical maps (Figure 2c).

3.4 Functional Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) can be used to study the structure and function of
the brain. It is possible to build a high-resolution 3D model of an individual brain by
measuring the different fat and water contents in different tissues in the brain (for a
more complete explanation, see e.g. McRobbie, Moore, Graves, & Prince, 2006). While
the structural imaging is of great relevance to clinical sciences, for the purposes of this
thesis, we will focus on functional MRI.

Functional magnetic resonance imaging (fMRI) is based on the oxygenation-depend-
ent magnetic properties of blood (Ogawa, Lee, Nayak, & Glynn, 1990). This can be used
to detect changes in blood flow in the brain (Ogawa, Lee, & Kay, 1990). Using fMRI in
human information processing is based on the observation that the blood oxygen level
dependent (BOLD) response observed in somewhere in the brain reflects the local neu-
ronal activity in that region (Logothetis, Pauls, Augath, Trinath, & Oeltermann, 2001).
The BOLD signal arises from the increased metabolic demands of the regions with
more neural activity (Logothetis et al., 2001). When an active brain area consumes ox-
ygen, there is a temporary oxygen deficit. Then the vascular system compensates this
by delivering a surplus of oxygenated blood to the site (P. T. Fox & Raichle, 1986),
causing a large shift in the BOLD signal. The signal measured by fMRI is tied to this
change in the ratio of oxygenated to deoxygenated blood at the site. Due to the dynamic
by which the BOLD signal arises, there is typically a lag of around 6 seconds from the
stimulus onset to peak signal (Buxton, Wong, & Frank, 1998).

FMRI is non-invasive and does not carry any health risks to healthy subjects if stand-
ard precautions are followed. FMRI allows monitoring of brain activity in the whole
brain with a typical spatial resolution of 3-5mms3, and temporal resolution in the order
of seconds. While other brain imaging methods can have better temporal or spatial
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resolution, the combination of reasonable resolution in both time and space has made
fMRI increasingly popular.

FMRI however has poor signal to noise ratio, and the non-task related vascular

changes can further complicate data analysis. The relevant signal might be as little as
2% of the total BOLD response (Ashby, 2011). To overcome this issue, fMRI experi-
ments typically require repeating a stimulus for a number of times. This, combined
with complex data pre-processing enables extracting the signal from noise.
The scanning in Study IV was conducted using MAGNETOM Skyra 3.0 tesla scanner
(Siemens, Erlangen) and a 32-channel receive head coil (Siemens). Whole-brain T2*-
weighted EPI images were acquired with following imaging parameters: TR 1.52 s, TE
30 ms, flip angle 70°, 72 x 72 matrix, 2.7 x 2.7 mm2 in-plane resolution, 35 slices (3.7
mm thickness, no gap), using water excitation. The experiment consisted of five EPI
runs, totalling 2150 volumes of functional data. High-resolution anatomical images
with isotropic 1 mmg3 voxel size were collected using a T1-weighted MP-RAGE se-
quence. Respiration and cardiac rates of the subjects were measured during the EPI
sequences using BIOPAC system MP150CE.

The most commonly used approach for analysing fMRI data is General Linear Model
(GLM). It is the general form of different univariate methods used in analysing task-
related fMRI data test (Friston et al., 1995). In a within-subject GLM, voxel-wise brain
activation time series is fitted against a stimulation model (Friston et al., 1995). The
voxel-by-voxel outputs are then collected to form statistical parametric maps (SPM),
to reveal voxels showing task-related activation (Ashby, 2011).

While intuitively appealing and widely used, using GLM analysis of fMRI data has
significant drawbacks. In GLM, the data are analysed voxel-by-voxel to reveal areas
with a net activation change. This approach requires notably robust changes for voxels
to survive the correction for multiple comparisons. GLM can also miss representations
based on patterns of activity rather than net activation change (Davis & Poldrack,
2013).

A more recent view suggests that using a multivariate, rather than mass univariate,
framework can help better understand cortical representations of sensory input or
mental contents (Haynes, 2015). Indeed, several different types of stimuli can result in
distinct patterns of activation in the same brain region (Haxby et al., 2001), leading to
no detectable differences in SPMs. This has led to the rise of a different analytical ap-
proach, where the data are analysed for patterns of activation rather than individual
voxels. One of the most popular methods to decode brain activation patterns is called
multi-voxel pattern analysis (MVPA). MVPA is a machine learning method where a
classifier is trained on a portion of the data (supervised learning), and then this classi-
fier is tested on unseen portion of the data to assess generalizability.

This kind of multivariate approach increases the amount of information that can be
decoded from the data. For example, it is possible to predict the direction of a pattern
the subject is watching (Haynes & Rees, 2005),which semantic category a word the
subject is attending to belongs (Mitchell et al., 2004), or which emotional state they
are in (Saarimaéki et al., 2018). This is relevant when working with stimuli, which are
likely to be processed in the same cortical regions but can be assumed to be represented
by distinct patterns of activity (Haynes, 2015).

23



Summaries of the studies

4. Summaries of the studies

4.1 Topography of social touching depends on emotional bonds between hu-
mans.

4.1.1  Aims of the study

Non-human primates use social touch for establishing and maintaining social affilia-
tions. Research in babies and caregivers suggests that humans might use touch in sim-
ilar ways. If this is the case, it would be likely that the patterns in which social touch is
used would differ between different social relationships. Indeed, previous research has
suggested that there are relationship-specific patterns of acceptable social touch. In
Study I, we aimed to quantify these patterns throughout the social network from part-
ners all the way to strangers.

4.1.2 Methods

Study I comprises two experiments. The sample in Experiment 1 consisted of Finnish
adults. For experiment 2, data was collected from Finland, France, Italy, Russia, and
the United Kingdom. The tool was translated into the majority language of each sam-
pled culture (Finnish, French, Italian, Russian, and English).

In Experiment 1, the participants were then shown a list of potential reasons for social
touch (such as ‘greeting’ and ‘consoling’), and they were asked to report which mem-
bers of their social network they would touch for that reason (yes/no). They were also
asked to imagine they were at their home or at a public place with this person, and they
then reported how likely (1=highly unlikely, 10=highly likely) they thought it was that
they would touch this person while in this this location.

In Experiment 2, the participants indicated, using the emBODY tool, where in their
body they would feel comfortable being touched by each social network member (ex-
plained in more detail in Section 3.3) The resulting topographies were screened for
anomalous painting patterns and then combined to create Touch Area Maps (TAMs).
The TAMs were calculated by mass univariate t-tests where the pixel intensity was
compared against zero to reveal areas where touching is consistently acceptable. We
then defined Touchability Index (TT) as the proportion of body area someone is allowed
to touch (0 meaning that person is not allowed to touch any part of the body, 1 meaning
they are allowed to touch everywhere), and correlated this with the ratings of emotional
bond (1 = no emotional bond, 10 = strongest possible emotional bond). The members
of the social network were also divided into theoretical layers: partner, family of origin,
extended family, friends, acquaintances, and strangers. The Spearman correlations of
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the topographies were compared with the hypothetical social network structure using
Mantel’s test.

4.1.3 Results

Experiment 1

Closer social network members were touched for more reasons. Most of the reasons
for touch were relationship-specific (x2 = 34.72, P < 0.05), with people more frequently
reporting that they would touch closer individuals for these reasons than they would
more distant individuals.

There were two exceptions to this. The frequency of ritualistic forms of touch (touch
when greeting and parting) occurred similarly in all relationships (Figure 3). Negative
reasons for touch (punishing, hurting, scaring) were markedly absent and also did not
differ significantly between the relationships

In general, participants reported that they would be significantly more likely to touch
different members of their social network when at their own home than when at a pub-
lic space or at their place of work or study (Figure 4). A two-way ANOVA (2 levels of
sex of target individual * 3 levels of context) on the likelihood of touching revealed
significant main effect of context F(2,1887) = 29.7, p < 0.001 and a significant main
effect of the sex of the target individual F(1,1887) = 11.5, p < 0.001. The interaction was
not significant, F(2,1887) = 0.078, p = 0.92.

Post-hoc two sample t-tests revealed that touching was significantly more likely at
home (M = 5.63, SD = 3.3) than in public (M=4.56, SD= 3.2), t(1259.2) = 5.79, p <
0.001, or than in the workplace (M = 4.33, SD = 3.057), t(1252.4)=7.25, p < 0.001.
There was no significant difference in likelihood of touch in public and at work
t(1265.5)=1.34, p = 0.18. Touching is also more likely when the person being touched
is a woman (M=5.10, SD = 3.2) than man (M=4.60, SD =3.3), t(748.85) = 13.57, p <
0.001.

Experiment 2

We found clear relationship-specific topographies of acceptable social touch (Figure
5). The partners were allowed to touch largest areas of the body, and male strangers
the smallest. We also discovered some taboo-zones, i.e. areas where touch was consist-
ently considered not acceptable. These were mainly located around crotch and bottom
for male family and extended family members and male acquaintances, extending
through torso and upper legs for male strangers. In general, for all male and female
pairs with the same formal relationship with the subject (e.g. sister and brother), the
females were allowed to touch larger bodily areas than the males (Ps < 0.05, two tailed
two-sample t-test) (Figure 6). The topographies were highly consistent with the hypo-
thetical social network structure (Figure 7), Mantel correlation statistic r= 0.45, p =
1077. The topographies were also consistent across the five cultures, with Spearman rs
>0.79, pS ~ 10745,
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Figure 3. The proportion of respondents who reported that they would touch this member of their social network for
this reason. Error bars depict 95% confidence intervals. The red and blue labels indicate female and male members
of the social network, respectively. Figure from (Suvilehto, Glerean, Dunbar, Hari, & Nummenmaa, 2015)
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Figure 4. Social touch in different contexts. Averages of how likely participants thought that they would touch dif-
ferent members of their social network at their own home, at their own place of work / study or at a public place

such as the street. The scale was discrete, ranging from 1 (not at all likely) to 10 (extremely likely). The bars repre-
sent the average responses and error bars depict SE
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There was a linear relationship between the emotional bond between the subject and
the toucher, and the total body area allowed for touch in all of the five cultures mean
(r2 = 0.64; Figure 8). As the bottom right panel in Figure 8 shows, regression coeffi-
cients were concordant across the countries (P > 0.05 for differences between [ val-
ues). There is, however, a difference between the constant term in the regression lines,
i.e. the baseline acceptability (how much a person, with whom you feel no emotional
bond, is allowed to touch you). The baseline acceptability was highest in Finland, fol-

lowed by France, Russia, Italy, and the United Kingdom.

Rt
i

Taboo

Figure 5. Relationship-specific TAMs for each of the social network members from the complete data set (N=1368).
The data are thresholded at P < 0.05, FDR-corrected. Colour bar indicates the t statistic range. Blue and red labels
signify male and female social network members, respectively. The areas outlined in blue are taboo-zones, where
touch by that social network member was not appropriate.
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Figure 6. Sex differences in Tls reported by male (left) and female (right) subjects. Error bars indicate standard
error of mean. Red and blue bars signal female and male touchers, respectively.
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Figure 7. TAM-based similarity between the different members of the social network. The adjacency matrix is sym-
metric, and the same order of labels holds for the horizontal axis. Lower triangular matrix shows the z-transformed
Spearman correlation between the average spatial maps. Upper triangular matrix demonstrates the a priori social
network layers (from left to right: family, family of origin, extended family, friends, acquaintances, and strangers).
Within each ideal network block, the block (light blue) is assumed to be fully correlated and have zero correlation
elsewhere (light grey areas). For visualisation purposes, the figure only shows values exceeding the median across
all map pairs. Blue and red labels signify males and females respectively.
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Figure 8. Association between the Tl (y axis) and emotional bond (x axis) in each of the studied cultures. Each
dot represents the average Tl and emotional bond for one member of the social network from one country. The last
panel shows linear regression lines from the five countries together to facilitate comparison.
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The touchability of most body areas apart from the hands was strongly correlated with
the emotional bond between the subject and the toucher, and the position of the
toucher in the subject’s social network. Conversely, the time since last seeing a person
was only minimally (albeit statistically significantly) negatively correlated with the

touchability of different areas (Figure 9).
0.5
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
r

Network Layer Emotional Bond Lapse
r=0.36 r=0.34 r=-0.08

Figure 9. The pixel-wise correlations between touchability and social network layer (left), emotional bond (middle)
and time since last meeting a person (right). The data are thresholded at p<0.05, FDR corrected. Color bar indicates
the r statistic range. Figure from (Suvilehto et al., 2015).

4.1.4 Conclusions

People in closer relationships were touched for more reasons and they were more likely
to be touched in different contexts. Apart from ritualistic touch, most reasons for touch
were sensitive to the social relationship. Likelihood of touching was context-specific
such that people reported that they would be more likely to touch other people at their
own home than a public space or at work. However, the variation between contexts was
much less than the variation between different relationships. These findings highlight
the relevance of inspecting touch from a relationship-specific perspective. Our results
also showed that topographies of acceptable social touch were relationship-specific.
These topographies were remarkably consistent between the five different cultures and
reflected the composition of the social network. Moreover, the area allowed for touch
was linearly and positively associated with the emotional bond with the toucher and
this relationship was similar in all five cultures. These results suggest that the strength
of the emotional bond modulates both the touchability of individual areas within a
body as well as the TI. Taken together these results suggest that the topographical
acceptability of social touch is dependent on the strength of the emotional bond. It is
possible that this reflects a mechanism for establishing and maintenance of social
bonds in humans.
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4.2 Relationship-specific social touching is culturally universal

4.2.1  Aims of the study

The Experiment 2 of Study I showed surprisingly little cultural variation, which might
be partially due to the fact that the included cultures were all mainly Western Euro-
pean. Studies have shown that Western and Eastern cultures differ with respect to, for
example, communication style (Kowner, 2002) and experiencing emotions (Kitayama,
Mesquita, & Karasawa, 2006). To test whether the relationship-specific use of social
touch is exclusively a Western phenomenon, we repeated Experiment 2 from Study 1
in Japan, an Eastern Asian country. By comparing the British sample from the previous
Study and the new Japanese sample, we extended our work on the cultural universal-
ism in social touch to culturally more distant countries.

4.2.2 Materials and methods

Experimental protocol was similar to that in Experiment 2 of Study I. Because the em-
phasis of the current Study was on cultural comparison, we also included questions of
the subjects’ cultural heritage: The participants in the Japanese sample were asked to
provide information about their parents’ ethnicity and whether they had ever lived out-
side Japan. The participants in the English sample also answered background ques-
tions on their nationality and cultural identity.

To ensure that we were truly comparing the Japanese and British touching behaviour,
we limited the sample to unambiguously Japanese and British respondents. The back-
ground questions were used to eliminate responses, where there was a clear risk of
cultural ambiguity. Elimination criteria in the British sample included reporting some-
thing other than English as first language, or not mentioning ‘British’, 'Trish’, ‘Welsh’,
‘English’, or ‘Scottish’ in the cultural identity. Altogether 159 British subjects were
eliminated. For the Japanese sample, the elimination criteria included reporting either
parent as being something other than ‘Japanese’ or having lived more than one year
abroad. 17 Japanese subjects were eliminated in the background screening.

Due to the differences in the sample sizes, the TAMs were calculated as proportion of
subjects reporting each pixel as acceptable. The difference between Japanese and Brit-
ish TAMs was determined by two sample z-test of proportions.

4.2.3 Results

Topographies of touch allowances were concordant in the Japanese and British sam-
ples. The main differences were higher touchability of the partner in Britain and higher
touchability of legs and bottom by female relatives in Japan (Figure 10). There were
also a few topographical differences in the more distant social relationships. Namely,
the British reported higher touchability in hands of male stranger and cheeks in
mother, aunt, female cousin and female friend.

Both emotional bond and pleasantness of touch were correlated with the TI (Figure
11). These associations were similar in both countries, but the Japanese overall found
touch less pleasant than the British. Due to the high correlation between emotional
bond and pleasantness of touch, partial correlation tests were also run. These revealed
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that, when controlling for the pleasantness, the association between emotional bond
and TI remained significant, r = 0.15, p < 0.0001. Similarly, when controlling for emo-
tional bond, the association between pleasantness and TI was also significant, r = 0.22,
p < 0.0001. Thus, both pleasantness and emotional bond contribute independently to
the relationship-specific TL.

We also conducted topographical region of interest (ROI) based analyses for the as-
sociation between emotional bond and ROI-wise TI (Figure 12). Most regions had sim-
ilar linear regression lines in both cultures, with only hair, arm, and hand showing dif-
ferent slopes for the two cultures. In all of these ROI the slope was steeper in the Jap-
anese sample, suggesting that an equal increase in emotional bond results in a larger
ROI-wise TI increase in the Japanese culture.
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Figure 10. The touch area maps (TAMSs) in Japanese (A, top row) and British (B, middle row) participants. Colourbar
shows the proportion of subjects accepting touch at each location for each social network member. C) Statistically
significant differences in the TAMs between the two countries as determined by pixel-wise two sample z test of
proportions. Warm colours indicate areas which are more touchable in Japanese sample, blue colours indicate
areas which are more touchable in the British sample. The blue and red labels indicate male and female members
of the social network, respectively.
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4.2.4 Conclusions

The acceptability of social touch was highly consistent in the two cultures. There were
very few differences in pixel-wise, ROI-wise or whole-body TI comparisons: the vari-
ance in TI explained by the culture was less than 8%. Moreover, most of the observed
differences are likely to be related to culturally normative ritualistic touch. For exam-
ple, touching was more acceptable in Britain on hands for male strangers, cheeks for
female friend, female cousin, aunt, and mother, all of which can be explained by greet-
ing behaviour. Apart from differences in ritualistic touches, the differences in the to-
pographies of acceptable touch were focused on female relatives and the partner. The
average emotional bond with partner was also less than the average emotional bond in
the UK, so these findings might indicate larger differences in the intimate relationships
in Japan and the UK. Finally, we also found that while pleasantness and emotional
bond are highly correlated, they both independently explain some of the TI. The cau-
sality in this interaction is not yet clear and requires further research.

4.3 Topography of Human Erogenous Zones

4.3.1 Aims of the study

Touching is one of the most powerful means for triggering positive affect. In reproduc-
tive pair bonds touching can also be used in eliciting sexual arousal. This is in contrast
with affiliative relationship, where sexual aspects of touch are lacking. Many different
areas of the body have capability for triggering arousal response via human touch
(Turnbull et al., 2014). This kind of touching can trigger and maintain sexual arousal
and thus prepare the individual for copulation. In this study, we investigated the po-
tency of different body areas for eliciting sexual arousal when touched, and in particu-
lar, how the use of touch differs when masturbating or having sex with a partner. If the
main purpose of touch during sex is obtaining sexual release, we should observe similar
topographies for both situations. If the topographies of erogenous zones are different
in the two conditions, this would suggest that touching serves additional functions.

4.3.2 Materials and methods

The participants provided demographic information and estimated their own attrac-
tiveness. Using the emBODY tool, they then indicated the bodily regions capable of
triggering sexual arousal. On separate trials, subjects indicated those bodily areas
whose touching they find sexually arousing while 1) masturbating or 2) while having
sex with a partner. To enable evaluation of subjects’ knowledge of the erogenous zones
of members of the opposite sex, the subjects were also asked to estimate which bodily
areas a member of the opposite sex would find sexually arousing during 3) masturba-
tion or 4) having sex with a partner. These results were collected using the emBODY
tool and analysed pixel-by-pixel to give statistical erogenous zone maps (EZMs). The
extent of erogenous zones in masturbation and sex with partner was calculated as a
proportion of the complete body area. The responses of both sexes were compared by
contrasting self-reports from each sex with estimates from the opposite sex.
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4.3.3 Results

We found that significantly larger bodily area is considered erogenous when having sex
with partner than when masturbating (Figure 13). The self-reports indicated that, on
average, 26% of the female and 22% of the male body was considered erogenous when
having sex with a partner. For masturbation, only 6.3% and 4.3% of the bodies were
considered erogenous by females and males, respectively.
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Figure 13. Maps of the erogenous zones of women and men when masturbating or having sex with a partner.

The data are thresholded at p<0.05, false detection rate corrected. The colour bar indicates the t-statistic range in
one-sample test.

The erogenous zones were of equal sizes in men and women when having sex with
partner t(268.11) = 1.66, p-value = 0.098, but were larger for women (M=0.062,
SD=0.094) than men (M= 0.045, SD=0.053) when masturbating (t(540.54) = 3.08, p-
value = 0.002) (Figure 14). Moreover, the assumed erogenous zones for opposite sex
were highly correlated with the responses from subjects of that sex. This was especially
true for sex with partner, with average Pearson correlation for the topographies of sex
with partner at 0.93 (p < 0.01) (Table 3).
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Figure 14. Effects of participant sex and type of sexual activity on the size of erogenous zones (defined as % of the
whole body). Error bars show standard error of the mean.

Table 3. Pearson correlations between averaged, condition-wise erogenous zone maps reported by male and fe-
male participants and the estimations presented by the opposite sex. All shown correlations are significant at p <
0.05

Condition r

Female ventral with partner 0.95
Female dorsal with partner 0.95
Male ventral with partner 0.92
Male dorsal with partner 0.91
Female ventral masturbation 0.85
Male ventral masturbation 0.78
Female dorsal masturbation 0.59
Male dorsal masturbation 0.35

4.3.4 Conclusions

These results suggest that the whole human body is capable of triggering sexual arousal
by somatosensory stimulation. On average, participants reported around 5.6% of the
body surface as erogenous while masturbating, while they reported around 23% of
their body as capable of triggering sexual arousal when having sex with a partner. The
difference between the core erogenous zones in masturbation and extended erogenous
zones in having sex with a partner is quite sizeable, approximately 17.4%. This begs the
question: If the most efficient way to obtain sexual release is to focus on core erogenous
zones, why are the extended erogenous zones touched during sex with partner? Ex-
pending energy in this way suggests that touching during sex with partner might also
serve other functions in addition to sexual arousal. One potential explanation is that
touch is used for reinforcing the pair bond during sex.
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4.4 Relationship-specific encoding of social touch in somatosensory and in-
sular cortices

4.4.1 Aims of the study

Previous research has shown that social touch is perceived differently depending on
who the toucher is. In particular, touch by a stranger and touch by a partner are expe-
rienced differently with respect to pleasantness and acceptability. In this Study, we in-
vestigate the brain basis of extracting relationship-specific social information from
touch. Unlike previous work, we included the subjects’ actual romantic partners, we
studied both men and women, and we had both man and woman strangers to contrast
with.

4.4.2 Materials and methods

Ten heterosexual romantic couples participated in the experiment. One subject inter-
rupted scanning, citing discomfort, leaving 19 subjects with sufficient imaging data.
The subjects were acquainted with the experimental set-up and task before commenc-
ing with scanning. Both partners were always scanned, with the male-female order
counter-balanced across the couples. The experimental design is shown in Figure 15.
Three confederates (the subject’s romantic partner, a female research assistant and a
male research assistant) took turns in bringing their hand to the subject’s visual field
at moderate distance or near their thigh or touching the subject’s upper thigh. The con-
federates were trained to stroke the thigh in uniform CT-optimal speed (approx.
4cm/s) and they were given heat pads to ensure consistent hand temperature. The con-
federates wore different coloured overalls, and the subject was told prior to scanning
that they could recognise their partner and the two strangers by the sleeves. The subject
was told to pay attention to the hand during the stimulus, but no further task was given.
In each EPI run, 9 stimuli were designed as ‘catch’ trials, where the same assistant
immediately continued from one stimulus to another (with the latter stimulus being
closer to the subject than the first one) without inter stimulus interval.

The data were pre-processed using the FSL tool and custom Matlab code. In short,
MCFLIRT was used to correct the EPI series for slice timing differences and for head
movement. Cardiac and respiratory related signal were cleaned out using the DRIFTER
toolbox (Sarkka et al., 2012). FLIRT was used to register images to the MNI152 2mm
template. Scanner drift was removed using a Savitzky-Golay filter (window length 240
seconds) and high-pass temporal filter with a 0.01 Hz cut-off frequency. Finally, the
BOLD time series were cleaned using 24 motion-related regressors, signal from deep
white matter, ventricles, and cerebrospinal fluid to control for physiological and mo-
tion artefacts. Pre-processed data were also inspected for extensive motion.
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Figure 15. (A) Experimental set-up in the scanner room. All three confederates stood by the scanner bore, out of
the view of the participant, and took turns in either bringing their hand to the visual field of the participant or touching
the participant’s upper thigh. (B) Timing of the stimulation. The stimulus type and actor as well as the onset and
offset of the stimulation were communicated to the confederates via headphones.

4.4.3 Results

Whole-brain GLM analysis showed that being touched increased activation in insular
cortices (INS), secondary somatosensory cortices (S2) and the contralateral primary
somatosensory cortex (S1) (Figure 16). Significant differences were seen in S1, S2, and
anterior cingulate cortex (ACC), when seeing hand and experiencing touch were con-
trasted against one another. GLM did not however reveal any statistically significant
differences across actor identities.

Next, MVPA was used to detect relationship-specific patterns of activation for seeing
and anticipating touch. A MVPA classifier using a linear support vector machine kernel
was run in a number of regions of interest (ROI). The bilateral regions of interest were
defined in areas related to somatosensation or emotion and reward processing. Addi-
tional ROIs were set for visual cortex (VC) and the whole brain minus visual cortex.
When classifying between the three different actors (partner, female stranger, male
stranger), both whole brain minus visual cortices and S1 were able to classify all three
conditions at above chance level (Figure 17). Furthermore, it was possible to classify
the actor in touch also from the insular cortex and actor in anticipating touch (seeing
hand at 20cm) from the visual cortices.

Finally, we focused on touch and ran binary classifiers between two actors at a time.
The classification between partner and opposite-sex stranger (i.e. stranger and partner
were of the same sex) was successful in several ROI (Figure 18). Whole brain minus
visual cortices, S1, S2, amygdala and orbitofrontal cortex were all able to classify be-
tween these two touchers at above chance level. Moreover, primary somatosensory cor-
tex was able to differentiate between partner and female stranger and insular cortex
was able to differentiate between partner and male stranger.
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Figure 16. GLM analysis shows increased activity (main effects) in seeing the hand at 20cm (a), 5cm (b) and being
touched (c). The contrast being touched - seeing hand (d) revealed significant differences in primary and secondary
somatosensory cortices and anterior cingulate cortex. Data are thresholded at p < 0.05, false discovery rate cor-
rected.
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Figure 17. The classification accuracy of the actor identity (partner, female stranger, male stranger) in seeing the
hand at 20cm, seeing the hand at 5¢cm, and touch. The whole brain minus visual cortices and the primary soma-
tosensory cortex were able to classify actors above chance level in all three event types. Visual cortices were able
to classify actor in seeing hand at 20cm, and insular cortices were able to classify actor in touch. Dashed line
indicates a-priori chance level (0.33), error bars show SEM, * denotes p < 0.05 (FDR corrected).
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Figure 18. Binary classifications of actor identity in touch. (Left) Whole brain without visual cortices was able to
classify partner vs male stranger, partner vs female stranger and partner vs same sex stranger. Primary soma-
tosensory cortex was able to classify partner vs female stranger, and insular cortex was able to classify partner vs
male stranger above chance level. (Right) Partner and opposite sex stranger were classified most reliably, and the
classification accuracy was above chance level in whole brain minus visual cortices, primary and secondary soma-
tosensory cortices, amygdala, and orbitofrontal cortex. Dashed line indicates a-priori chance level (0.5), error bars
show SEM, * denotes p < 0.05 (FDR corrected).

4.4.4 Conclusions

Our findings indicate that several brain regions are involved in the processing of social
touch. While GLM was not sensitive to visual, somatosensory and affective differences
between the three actors, MVPA analysis revealed several brain regions capable of dif-
ferentiating between the actors. This suggests activation patterns relate to social rela-
tionship with the toucher as opposed to global signal change. Three-way classification
for touch was only possible in S1 and insular cortex (and naturally the whole brain
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minus visual cortices, which includes both S1 and insular cortex). Binary classifications
of actors revealed that partner versus opposite sex stranger (i.e. male partner versus
male stranger and female partner vs. female stranger) could be classified most accu-
rately and in most ROIs. Additionally, insular cortex classified partner vs male stranger
and S1 classified partner vs female stranger at above chance level. Classification of the
two strangers was not successful regardless of how they were defined. These results
confirm the role of primary somatosensory cortex in representing relationship-specific
features of social touch and touch anticipation (Gazzola et al., 2012). They also suggest
that insular cortices contain a complex representation of relationship-specific touch,
but not touch anticipation. Because binary classification was most successful when
classifying based on social relationship (partner or stranger) while keeping the sex of
the toucher constant, the results suggest that these areas contain a more limited rep-
resentation of toucher identity.
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5. General discussion

The main finding of this Thesis was that social relationship between two individuals
modulates numerous features of social touch: how pleasant the touch is (Studies I-II,
IV), how large an area of the body is allowed for touching (Studies I & IT), why and in
which contexts touch is likely to occur (Study I), and even how the touch is represented
on a cortical level (Study IV).

5.1 Patterns of social touch

Study I experiment 1 confirms that touching is more common at home than in public
settings. This is in line with results suggesting that more touches occur at home than
in public or work spaces (Willis & Rinck, 1983). It is possible that the touching at home
differs functionally from touching at public spaces (Willis & Rinck, 1983). The differ-
ences in quantity and quality of touches in public spaces and other places highlights
the need to study social touch using methods such as self-reports.

There was a continuum in the extent of the acceptable touch areas from partners, who
were allowed to touch the whole body, to strangers, whose touching was limited to
hands and arms. Moreover, the topographies tended to be more similar within each
layer of social network than between different layers (Figure 7). There is one notable
exception: male members of closer social network layers tended to have TAMs more
similar to the female members of the next layer (e.g. father vs aunt, brother or male
friend vs female cousin).

In general, male members of a social network were allowed to touch less than female
members with the same formal relationship (e.g. sister and brother; male and female
friend, see Figure 6). This is somewhat surprising, given that prior research has mainly
focused on and described the differences in same sex and opposite sex touch (Heslin &
Alper, 1983; Jones, 1986; Jourard, 1966; Major et al., 1990; Nguyen et al., 1975). For
example, earlier studies have found that both men and women engage in more cross-
sex touch (Major et al., 1990) and find cross-sex touch both more acceptable (Jourard,
1966) and more pleasant (Heslin & Alper, 1983) than same sex touch.

There is a discrepancy between our findings showing that female touch is more ac-
ceptable, and earlier results suggesting that opposite-sex touch is more acceptable
(Barnlund, 1975; Heslin & Alper, 1983; Heslin et al., 1983; Jourard, 1966; Rosenfeld et
al., 1976). This inconsistency might be explained by the fact that several of these old
studies compare touch between “close same sex friend” and “close opposite sex friend”,
with the latter being used as an euphemism for romantic partner (a use made explicit
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in (Nguyen et al., 1975)). This suggests that the apparent discrepancy is a consequence
of comparing romantic relationships with affiliative friendship. When comparing the
current results with earlier work on other social relationships, for example, parents
(Jourard, 1966), similar effect of mothers’ touch being more acceptable than fathers’
touch is found.

5.1.1 Touch within a romantic partnership

Touching between partners seems qualitatively and quantitatively different than
touching in other, kin-based or affiliative relationships. We found that partners are
touched for the most reasons, and they are allowed to touch the most areas. Partners
are also very likely to be touched in different contexts. The extensive touching between
partners has many benefits. More frequent touching with romantic partners is associ-
ated with higher relationship satisfaction (Gulledge et al., 2003; Heiman et al., 2011;
Kontula, 2016; Muise et al., 2014). Moreover, touching intervention can improve rela-
tionship satisfaction (Floyd et al., 2009), suggesting that the relationship between
touching and relationship satisfaction is not merely correlational but indeed causal.

Touching is also used for eliciting sexual arousal and for sexual stimulation. Having
sex with a partner optimally involves widespread stimulation of most of the body (‘ex-
tended erogenous zones’), which is arguably not necessary for sexual arousal and cli-
max (Nummenmaa, Suvilehto, Glerean, Santtila, & Hietanen, 2016). Cuddling, which
also involves touch on extensive body areas but is considered non-sexual, has been
found to boost the feelings of closeness and affection (Van Anders et al., 2013). The
lesser arousal potential in extended erogenous zones and the relationship-boosting ef-
fect of cuddling suggest that the purpose of the stimulation of the extended erogenous
zones while having sex with a partner is not solely sexual arousal and release, but it
might also serve as a tool for servicing the relationship.

5.1.2 The role of pleasantness in social touch

Pleasantness of touch is an important feature of social touch. The pleasantness of a
touch depends on the type of touch, with slow, stroking touch generally considered the
most pleasant (Croy et al., 2017; Sehlstedt et al., 2016). This can impact touching be-
haviour: people spontaneously stroke others at CT-optimal speeds (Croy et al., 2015)
and rate vicarious touch as most pleasant when applied in areas with more CT recep-
tors (Walker, Trotter, Woods, & McGlone, 2017).

In addition to the type of touch, the toucher identity influences the perceived pleas-
antness of social touch even when touch kinematics are kept constant (Gazzola et al.,
2012; Nummenmaa, Tuominen, et al., 2016). Information about the social relationship
with the toucher is so intrinsic to the experience of the touch that information about
the toucher is represented already from the primary somatosensory cortex (Gazzola et
al., 2012; Study IV). However, since the classification accuracies were not consistently
higher for comparisons with larger differences in pleasantness ratings, it is likely that
the relationship-specific neural correlates relating to social touch do not singularly de-
pict differences in the pleasantness of those touches (Study IV).

The modulating role of pleasantness on social touch is also reflected in TAMs. Those
locations, where touch allowances varied the most throughout the social network,

42



General discussion

correlate significantly with the areas, where touch is considered to be the most pleasant
(Suvilehto et al., 2015; Walker et al., 2017). Furthermore, women both find CT-optimal
touch more pleasant (Croy, D’Angelo, & Olausson, 2014) and allow touch and are al-
lowed to touch in larger areas than men. And while pleasantness and emotional bond
are very strongly correlated, both pleasantness and emotional bond independently
modulate the touch allowances. There seems to be an interplay between the dyadic re-
lationship, how pleasant a touch from a person feels, and how large touch allowances
this person is afforded.

5.2 Social touch in different cultures

The samples from six different cultures used in Studies I and II allow us to compare
social touching in different cultures in more detail than has previously been possible.
This is the first data set inspecting the acceptability of touch in the whole social network
and spanning both Western European and East Asian cultures.

5.2.1 Similarities in the studied cultures

In the current studies, the European and Asian cultures had highly similar topogra-
phies for acceptable touch by different members of the social network. This is some-
what unexpected based on earlier findings that both the number of touches (Dibiase &
Gunnoe, 2004; Jourard, 1966; Remland et al., 1995) and the body sites touched in par-
ticular situations (McDaniel & Andersen, 1998) are modulated by the culture of the
interactants.

Indeed, traditionally cultures have been indicated as being ‘contact’ or ‘non-contact’
with respect to social touch. Areas closer to the equator have historically been consid-
ered high touch and Western and Northern cultures considered low touch (E. T. Hall,
1969). We found no evidence of this. In fact, Finland and Russia, the northernmost of
the countries participating in the body mapping studies, were the countries with high-
est TIs, i.e. the most accepting of social touch. This is somewhat corroborated by stud-
ies on interpersonal distance. While interpersonal distance with strangers is smaller in
countries that are warmer, the effect is reversed for interpersonal distance with a close
person (Sorokowska et al., 2017).

The correlation between Touchability Index and emotional bond were essentially
identical in the studied cultures. The slope, i.e. increase in TI per additional unit of
emotional bond, is effectively the same in all of the six studies Western and Asian cul-
tures. Indeed, the intra-cultural individual differences were far greater than average
intercultural differences.

5.2.2 Differences in the studied cultures

The most salient intercultural difference for the association between emotional bond
and TI was the differences in the intercepts. The intercept can be interpreted as the
baseline touchability of a culture, i.e. how much is a stranger allowed to touch. Since
strangers are most likely to be touched for greeting and parting, it is feasible to assume
that the differences in the intercept depict the cultural differences in ritualistic touch.
Different cultures engage in different types of ritualistic touch, particularly for greeting
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(Firth, 1972) and parting (McDaniel & Andersen, 1998). For example, the standard
greeting in Japan is a polite bow, in Finland it can be a firm handshake or a warm hug,
and in France and Italy, especially between female individuals, it is a kiss on the cheek.

These differences are also observed in the cultural average TAMs, in particular with
respect to strangers (Figure 19). For example, in the comparison between Japanese and
British respondents, there is a statistically significant difference in the touchability of
hands for male strangers (Figure 10). Similarly, the British allow female friend, female
cousin, and aunt to touch their cheeks more than the Japanese do. It is likely that both
of these differences can be attributed to the differences in greeting styles: the hand-
shake is a more widely used greeting in the Western countries than in Japan, and cheek
kisses, particularly between female members of the social network, have grown in pop-
ularity in the UK (K. Fox, 2004).
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Figure 19. Touch area maps for ventral surfaces of strangers in the six cultures from Studies | and Il. Colour bar
indicates the proportion of respondents who find that it would be acceptable for a female (top row) or a male stranger
(bottom row) to touch them in that area. Notice that touch on hands is less acceptable in Japan than the European
cultures, and that French and Italian strangers also have some acceptability on cheeks where other cultures have
none. These differences could be explained by differences in ritualistic touches.

5.2.3 Why did we find more similarities than differences?

These cultural differences highlight how culture can modulate the TAMs and TIs to
some extent. However, we found much more similarities than differences between
these six cultures. This was unexpected, since previous research has suggested that
there should be much larger differences between cultures.
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This discrepancy might be partially explained by the fact that cultural differences in
attitudes toward touch seem to be more pronounced in public spaces and with more
distant relations. According to a recent study, while culture can have an impact on the
acceptability of touch in public spaces and with non-close others, the cultural attitudes
towards touch with close others (such as family members) and at home were very sim-
ilar in stereotypically ‘high contact’ and ‘low contact’ cultures (Burleson, Roberts,
Coon, & Soto, 2018).

The effect of culture has probably been overstated by earlier observational studies
due to the limitations imposed by the research method. A lot of the intercultural re-
search has been observational and conducted in public spaces (Dibiase & Gunnoe,
2004; Jourard, 1966; McDaniel & Andersen, 1998; Regan et al., 1999; Remland et al.,
1991, 1995), where cultural differences are most pronounced (Burleson et al., 2018). In
contrast, in Studies I and II we asked the subjects to report where they found touch
acceptable in “different everyday situations” without specifying the context. This may
have highlighted the similarities in the cultures, rather than the differences.

When travelling to a distant country for a short trip, it can seem like the way social
touch is used at the destination is very different than the way social touch is used at
one’s home country. This might be due to the difference between touch in public spaces
and distant others and touch at home and with close others. While attitudes towards
touch and similar measures (for example, preferred interpersonal distance) vary as a
function of toucher, these effects disappear or are smaller with respect to individuals
closer in the social network (Burleson et al., 2018; Sorokowska et al., 2017). As tourists,
we rarely get to observe or actually experience, for example, touching within a family
or at people’s homes.

It is also possible that despite similar self-reported touch allowances, there may be
dramatic cultural differences in the actual touching behaviour. From the current data
we cannot tell how well these hypothetical touch allowances translate into real touch-
ing behaviour. However, as discussed in Section 1.2.2, measuring real-life touching be-
haviour is not trivial.

5.3 The role of touch in social bonding

Social touching correlates with relationship satisfaction in romantic relationships
(Gulledge et al., 2003; Muise et al., 2014) and it can even causally improve relationship
satisfaction in romantic relationships (Floyd et al., 2009). Even behaviour as primitive
as sexual intercourse includes superfluous touching in humans. While some amount of
touching (particularly of the core erogenous zones) is necessary for sexual arousal and
release, the desired extent of touching while having sex with a partner far exceeds these
core erogenous zones (Study III). A possible explanation for this is that stimulating
extended erogenous zones during sex with a partner might promote other, non-sexual
aspects of the partnership. In particular, in the light of other studies outlined in this
Thesis, it seems likely that this touching over extended body areas during sexual inter-
course could promote pair-bonding.

The current results show that similar to romantic relationships, social touch corre-
lates with emotional closeness in all layers of the social network. In addition to causally
impacting romantic relationships, social touch can increase pro-social behaviour with
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strangers (Segrin, 1993). Therefore, given the causal impact of touch with both the in-
dividuals closest to us (romantic partner) and those furthest from us (stranger), it
seems possible that the role of social touch in establishing and maintenance of social
relationships also extends to the rest of the social network.

In the modern world, where it is not unusual for close others to live far apart (Jo et
al., 2014), it is relevant to know whether social touch reflects the social relationship or
frequency of contact. Touchability of a given region is only modestly correlated with
frequency of contact with the toucher (Figure 9). Therefore, it is unlikely that the touch
allowances reflect “exposure” to an individual but rather, they seem to indicate the
strength of the dyadic relationship. Moreover, touch allowances are malleable over the
course of a relationship. This is true both within a relationship category and as the
dyadic relationship changes. For example, closer friends have higher TI than more dis-
tant friends (Figure 20). Moreover, individuals’ touch allowances can change as a result
of a change in the dyadic relationship. Romantic partners, whom we generally allow to
touch us in most areas, have at some point been strangers. Friends, who are also al-
lowed to touch as much bodily areas as primary family, are likely to have been ac-
quaintances at some point. This all speaks to the dynamic nature of the touch allow-
ances. Thus, the changes in how social touch is used does reflect, and can potentially
impact, how the relationship itself changes.
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Figure 20. Average Tl for male (circle) and female (triangle) friends at each level of emotional bond. Emotional
bond scale from 1 (no emotional bond at all) to 10 (strongest possible emotional bond). Data are averages over all
six cultures, error bars depict the 95% confidence interval.
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Finally, if social touch is related to the establishment and maintenance relationships
due to biological factors, one could assume it to occur similarly in different cultures.
Indeed, as discussed in Section 5.2, both the TAMs and the association between TI and
emotional bond are remarkably similar in different cultures. Together, these findings
suggest that social touch in humans is unlikely to be purely culturally normative be-
haviour but might rather represent biologically based behaviour.

Another argument supporting the view of biologically based social touching comes
from non-human primates. More frequent grooming between pairs of individuals is
linked to ‘friendship’in non-human primates (Dunbar, 2010). More generally, the time
spent grooming is correlated with the group size in different species of primates
(Lehmann et al., 2007). These findings on how primates use grooming to establish and
maintain social relationships corroborate the current data from humans.

5.4 Limitations and future directions

Studies I-III are based on self-reported allowances or experiences during imagined
touch by someone. The results revealed that social touch allowances are relationship-
specific. Studies I and IT asked about where subjects would allow other people to touch
them, but not vice versa. We chose this direction, because we wanted to inspect how
people experience touches. Nonetheless, because each touch is felt by both the toucher
and touch recipient, it is important to also consider the other direction, i.e. where peo-
ple believe they are allowed to touch other people.

In same-sex relationships between people of similar age, the touch allowances one
assigns for others is very close to touch allowances one assumes for others (Tomita,
2008). Most deviations from this pattern indicated that subjects were more accepting
of being touched than they assumed others to be (Tomita, 2008). However, it is not
clear if this extends to other relationships. Therefore, it would be important to conduct
similar studies on subjects’ expectations of where they are allowed to touch different
members of their social network.

Moreover, we cannot be sure how the self-reported touch allowances translate into
real-world touching behaviour. The connection between comfort with touch and touch-
ing behaviour has some experimental support. There is some evidence that at least in
Japan the touch allowances from the current studies are concordant with self-reports
of where people have been touched by their parents or friends (Barnlund, 1975). More
generally, previous research indicates that individuals reporting more comfort with
touch were more willing to engage in situations they knew would contain touching peo-
ple (Fromme et al., 1989).

It is likely that touch allowances and touching behaviour correlate at least to some
extent. For example, being comfortable with touching another person for more reasons
is likely to lead to more touches (assuming you see them in situations where e.g. help-
ing or consoling is relevant). In one study, subjects were asked to keep a log of the
touches they received over three days (Jones & Yarbrough, 1985). In that sample, greet-
ing and parting touches only accounted for 10% of the reported touch occurrences
(Jones & Yarbrough, 1985). Moreover, many of the touch types, such as touches sig-
nalling inclusion, affection, and appreciation, mainly occurred between close relation-
ships (Jones & Yarbrough, 1985). This suggests that more reasons to touch a person
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would also translate to more actual touches. However, more research is needed to es-
tablish the relationship between touch allowances and real-life touching behaviour.

While the current studies mainly discuss averages or proportions, it should also be
noted that there are large individual differences in touch allowances. Individuals also
differ in the what kind of touch they experience as pleasant (Luong, Bendas, Etzi,
Olausson, & Croy, 2017), and how pleasant they find touch in the first place (Sailer &
Ackerley, 2017). So, while we find there to be very little (statistically) different between
the countries, it is possible that this finding is driven by the large differences within a
culture, rather than the absence of differences between cultures.

The most interesting finding of this thesis is that there is a clear correlation between
emotional bonding and social touch (Studies I & II), potentially modulated by pleas-
antness of touch. However, these data do not give any indication as to the direction of
the causality. We do not know whether touch allowances (body areas and reasons for
touch) increase when we start liking people more or is there also a reverse effect where
by touching we can make people like us more. It would be extremely interesting to try
to determine experimentally, whether this is the case. Research in this direction has
potential to inform policy making and it would be especially relevant in the modern
age of digital communications.
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6. Conclusions

The studies outlined in this Thesis highlight central role of social touch in adult human
relationships. Touch is used in relationship-specific manner, and information related
to social touch is processed already in the early sensory cortices. These findings em-
phasise the importance of relationship-specificity in the perception and use of social
touch. The current findings also reveal associations between the acceptability of touch,
the emotional bond with the toucher, and the pleasantness of touch. Specifically, both
the emotional bond and the pleasantness independently explain some of the variation
in the touchable body area. Moreover, the current findings indicate that the social
touching is culturally universal, and culture-specific variation is minimal. This suggests
that social touch is likely to be biologically determined, rather than culturally norma-
tive behaviour. The linear association of acceptability of touch with the strength of the
emotional bond suggests that touch allowances are an indication of the dyadic relation-
ship. The use of touch during sex and earlier experimental work in romantic couples
suggests that touching can also be used to modulate the emotional bond. Combining
the current results about the gradation of social touch across different relationship with
results on the causal role of touch in improving romantic relationships suggests that
humans use social touch in maintaining and/or establishing social relationships simi-
lar to non-human primates.



References

Abraira, V. E., & Ginty, D. D. (2013). The sensory neurons of touch. Neuron, 79(4), 618—639.
http://doi.org/10.1016/j.neuron.2013.07.051

Ackerley, R., Backlund Wasling, H., Liljencrantz, J., Olausson, H., Johnson, R. D., & Wessberg, J.
(2014). Human C-tactile afferents are tuned to the temperature of a skin-stroking caress. The
Journal of Neuroscience, 34(8), 2879—83. http://doi.org/10.1523/JNEUROSCI.2847-13.2014

Ashby, F. G. (2011). Statistical analysis of fMRI data.

Aznar, A., & Tenenbaum, H. R. (2016). Parent—child positive touch: gender, age, and task differences.
Journal of Nonverbal Behavior, 40(4), 317—333. http://doi.org/10.1007/s10919-016-0236-x

Barnlund, D. C. (1975). Public and private self in Japan and the United States. Communicative styles
of two cultures. Pacific Affairs. Simul Press. http://doi.org/10.2307/2756331

Bolger, N., Davis, A., & Rafaeli, E. (2003). Diary methods: capturing life as it is lived. Annual Review
of Psychology, 54(1), 579—616. http://doi.org/10.1146 /annurev.psych.54.101601.145030

Buchthal, F., & Rosenfalck, A. (1966). Evoked action potentials and conduction velocity in human
sensory nerves. Brain Research, 3(1), 1—122. http://doi.org/10.1016/0006-8993(66)90056-4

Burgoon, J. K., & Le Poire, B. A. (1999). Nonverbal cues and interpersonal judgments: Participant and
observer perceptions of intimacy, dominance, composure, and formality. Communication
Monographs, 66(2), 105—124. http://doi.org/10.1080/03637759909376467

Burgoon, J. K., & Newton, D. A. (1991). Applying a social meaning model to relational message
interpretations of conversational involvement: Comparing observer and participant
perspectives. Southern Communication Journal, 56(2), 96—113.
http://doi.org/10.1080/10417949109372822

Burleson, M. H., Roberts, N. A., Coon, D. W., & Soto, J. A. (2018). Perceived cultural acceptability and
comfort with affectionate touch. Journal of Social and Personal Relationships,
026540751775000. http://doi.org/10.1177/0265407517750005

Buxton, R. B., Wong, E. C., & Frank, L. R. (1998). Dynamics of blood flow and oxygenation changes
during brain activation: the ballon model. Magn Reson Med, 39(17), 855—864.
http://doi.org/10.1002/mrm.1910390602

Case, L., Laubacher, C. M., Olausson, H., Wang, B., Spagnolo, P. A., & Bushnell, M. C. (2016).
Encoding of Touch Intensity But Not Pleasantness in Human Primary Somatosensory Cortex.
Journal of Neuroscience, 36(21), 5850—5860. http://doi.org/10.1523/JNEUROSCI.1130-
15.2016

Coan, J. A., Schaefer, H. S., & Davidson, R. J. (2006). Lending a Hand: Social Regulation of the Neural
Response to Threat. Psychological Science, 17(12), 1032—1039. http://doi.org/10.1111/j.1467-
9280.2006.01832.x

Cohen, S., Janicki-Deverts, D., Turner, R. B., & Doyle, W. J. (2015). Does hugging provide stress-
buffering social support? A study of susceptibility to upper respiratory infection and illness.
Psychological Science, 26(2), 135—47. http://doi.org/10.1177/0956797614559284

Croy, L., D’Angelo, S., & Olausson, H. (2014). Reduced pleasant touch appraisal in the presence of a
disgusting odor. PLoS ONE, 9(3). http://doi.org/10.1371/journal.pone.0092975



References

Croy, 1., Luong, A., Triscoli, C., Hofmann, E., Olausson, H., & Sailer, U. (2015). Interpersonal stroking
touch is targeted to C tactile afferent activation. Behavioural Brain Research, 297, 37—40.
http://doi.org/10.1016/j.bbr.2015.09.038

Croy, 1., Sehlstedt, I., Wasling, H. B., Ackerley, R., & Olausson, H. (2017). Gentle touch perception:
From early childhood to adolescence. Developmental Cognitive Neuroscience, in press.
http://doi.org/10.1016/j.dcn.2017.07.009

Crusco, A. H., & Wetzel, C. G. (1984). The Midas touch: The effects of interpersonal touch on
restaurant tipping. Personality and Social Psychology Bulletin, 10(4), 512—517.
http://doi.org/10.1177/0146167284104003

Curtis, Y., Eddy, L., Ashdown, B. K., & Feder, H. (2012). Prelude to a coitus: Sexual initiation cues
among heterosexual married couples. Sexual and Relationship Therapy, 27/(4), 322—334.

Davidovic, M., Bjornsdotter, M., Olausson, H., & Bjornsdotter, M. (2016). Posterior superior temporal
sulcus responses predict perceived pleasantness of skin stroking. Frontiers in Human
Neuroscience, 10(432). http://doi.org/10.3389/fnhum.2016.00432

Davis, T., & Poldrack, R. A. (2013). Measuring neural representations with fMRI: Practices and pitfalls.
Annals of the New York Academy of Sciences, 1296(1), 108—134.
http://doi.org/10.1111/nyas.12156

Debrot, A., Schoebi, D., Perrez, M., & Horn, A. B. (2013). Touch as an interpersonal emotion regulation
process in couples’ daily lives. Personality and Social Psychology Bulletin, 39(10), 1373—1385.
http://doi.org/10.1177/0146167213497592

Derogatis, L. R., & Melisaratos, N. (1979). The DSFI: A multidimensional measure of sexual
functioning. Journal of Sex & Marital Therapy, 5(3), 244—281.

Dibiase, R., & Gunnoe, J. (2004). Gender and culture differences in touching behavior. The Journal of
Social Psychology, 144(1), 49—62. http://doi.org/10.3200/SOCP.144.1.49-62

Ditzen, B., Neumann, I. D., Bodenmann, G., von Dawans, B., Turner, R. A., Ehlert, U., & Heinrichs, M.
(2007). Effects of different kinds of couple interaction on cortisol and heart rate responses to
stress in women. Psychoneuroendocrinology, 32(5), 565—574-.
http://doi.org/10.1016/j.psyneuen.2007.03.011

Dunbar, R. I. M. (1993). Coevolution of neocortical size, group size and language in humans.
Behavioral and Brain Sciences, 16, 681—735. http://doi.org/10.1017/S0140525X00032325

Dunbar, R. I. M. (2010). The social role of touch in humans and primates: behavioural function and
neurobiological mechanisms. Neuroscience and Biobehavioral Reviews, 34(2), 260-8.
http://doi.org/10.1016/j.neubiorev.2008.07.001

Dunbar, R. I. M. (2018). The anatomy of friendship. Trends in Cognitive Sciences, 22(1), 32—51.
http://doi.org/10.1038/scientificamericanmindo514-39

Eaton, M., Mitchell-Bonair, I. L., & Friedmann, E. (1986). The effect of touch on nutritional intake of
chronic organic brain syndrome patients. Journal of Gerontology, 41(5), 611-616.
http://doi.org/10.1097/00002093-198701020-00020

Emmers, T. M., & Dindia, K. (1995). The effect of relational stage and intimacy on touch : An extension
of Guerrero and Andersen. Personal Relationships, 2(3), 225—236.

Erceau, D., & Guéguen, N. (2007). Tactile contact and evaluation of the toucher. The Journal of Social
Psychology, 147(4), 441—444.

Eskenasy, A. C., & Clarke, S. (2000). Hierarchy within human SI: supporting data from cytochrome
oxidase, acetylcholinesterase and NADPH-diaphorase staining patterns. Somatosensory &
Motor Research, 17(2), 123—32. http://doi.org/doi:10.1080/08990220050020544

Ferber, S. G., Feldman, R., & Makhoul, I. R. (2008). The development of maternal touch across the
first year of life. Early Human Development, 84(6), 363—370.
http://doi.org/10.1016/j.earlhumdev.2007.09.019

Firth, R. (1972). Verbal and bodily rituals of greeting and parting. In The interpretation of ritual (pp.
1-38).

51



Fisher, J. D., Rytting, M., & Heslin, R. (1976). Hands touching hands: Affective and evaluative effects
of an interpersonal touch. Sociometry, 39(4), 416—421.

Fletcher, G. J. O., Simpson, J. A., & Thomas, G. (2000). The measurement of perceived relationship
quality components: A confirmatory factor analytic approach. Personality and Social
Psychology Bulletin, 26(3), 340—354. http://doi.org/10.1177/0146167200265007

Floyd, K. (1997). Communicating affection in dyadic relationships: An assessment of behavior and
expectancies. Communication Quarterly, 45(1), 68—80.
http://doi.org/10.1080/01463379709370045

Floyd, K., Boren, J. P., Hannawa, A. F., Hesse, C., McEwan, B., & Veksler, A. E. (2009). Kissing in
marital and cohabiting relationships: Effects on blood lipids, stress, and relationship
satisfaction. Western Journal of Communication, 73(2), 113—133.
http://doi.org/10.1080/10570310902856071

Forsell, L. M., & Astrom, J. a. (2012). Meanings of hugging: from greeting behavior to touching
implications. Comprehensive Psychology, 1(13), 1—6. http://doi.org/10.2466/02.17.21.CP.1.13

Fox, K. (2004). Watching the English: The Hidden Rules of English Behavior.

Fox, P. T., & Raichle, M. E. (1986). Focal physiological uncoupling of cerebral blood flow and oxidative
metabolism during somatosensory stimulation in human subjects. Proceedings of the National
Academy of Sciences of the United States of America, 83(February 1986), 1140—4.
http://doi.org/10.1073/pnas.83.4.1140

Francis, S., Rolls, E. T., Bowtell, R., McGlone, F., O'Doherty, J., Browning, a, ... Smith, E. (1999). The
representation of pleasant touch in the brain and its relationship with taste and olfactory areas.
Neuroreport, 10(3), 453—9. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/10208571

Friston, K. J., Holmes, A. P., Worsley, K. J., Poline, J. P., Frith, C. D., & Frackowiak, R. S. J. (1995).
Statistical parametric maps in functional imaging: a general linear approach. Human Brain
Mapping, 2(081).

Fromme, D. K., Jaynes, W. E., Taylor, D. K., Hanold, E. G., Daniell, J., Rountree, J. R., & Fromme, M.
L. (1989). Nonverbal behavior and attitudes toward touch. Journal of Nonverbal Behavior,
13(1), 3—14. http://doi.org/10.1007/BF01006469

Gazzola, V., & Keysers, C. (2009). The observation and execution of actions share motor and
somatosensory voxels in all tested subjects: Single-subject analyses of unsmoothed fMRI data.
Cerebral Cortex, 19(6), 1239—1255. http://doi.org/10.1093/cercor/bhn181

Gazzola, V., Spezio, M. L., Etzel, J. A,, Castelli, F., Adolphs, R., & Keysers, C. (2012). Primary
somatosensory cortex discriminates affective significance in social touch. Proceedings of the
National Academy of Sciences, 109(25), E1657-66. http://doi.org/10.1073/pnas.1113211109

Gentsch, A., Panagiotopoulou, E., & Fotopoulou, A. (2015). Active interpersonal touch gives rise to the
social softness illusion. Current Biology, 25(18), 2392—2397.
http://doi.org/10.1016/j.cub.2015.07.049

Goldstein, P., Shamay-Tsoory, S. G., Yellinek, S., & Weissman-Fogel, I. (2016). Empathy predicts an
experimental pain reduction during touch. The Journal of Pain, 17(10), 1049—1057.
http://doi.org/10.1016/j.jpain.2016.06.007

Grewen, K. M., Anderson, B. J., Girdler, S. S., & Light, K. C. (2003). Warm partner contact is related to
lower cardiovascular reactivity. Behavioral Medicine, 29(3), 123—130.
http://doi.org/10.1080/08964280309596065

Griffin, J. W., McArthur, J. C., & Polydefkis, M. (2001). Assessment of cutaneous innervation by skin
biopsies. Current Opinion in Neurology, 14(5), 655—659. http://doi.org/10.1097/00019052-
200110000-00016

Guéguen, N. (2004). Nonverbal encouragement of participation in a course: the effect of touching.
Social Psychology of Education, 7(1), 89—98.
http://doi.org/10.1023/B:SPOE.0000010691.30834.14

52



References

Guerrero, L. K., & Andersen, P. A. (1991). The waxing and waning of relational intimacy: Touch as a
function of relational stage, gender and touch avoidance. Journal of Social and Personal
Relationships, 8(2), 147-165. http://doi.org/10.1177/0265407591082001

Guerrero, L. K., & Andersen, P. A. (1994). Patterns of Matching and Initiation: Touch Behaviour and
Touch Avoidance across Romantic Relationship Stages. Journal of Nonverbal Behavior, 18(2),
137-153.

Guest, S., Essick, G., Dessirier, J. M., Blot, K., Lopetcharat, K., & McGlone, F. (2009). Sensory and
affective judgments of skin during inter- and intrapersonal touch. Acta Psychologica, 130(2),
115-126. http://doi.org/10.1016/J.ACTPSY.2008.10.007

Gulledge, A. K., Gulledge, M. H., & Stahmannn, R. F. (2003). Romantic physical affection types and
relationship satisfaction. The American Journal of Family Therapy, 31(4), 233—242.
http://doi.org/10.1080/01926180390201936

Hall, E. T. (1969). The hidden dimension: man’s use of space in public and private.

Hall, J. A. (1996). Touch, status, and gender at professional meetings. Journal of Nonverbal
Behavior., Spr; Vol 2(1), 23—44. http://doi.org/10.1007/BF02248713

Hall, J. A., & Veccia, E. M. (1990). More “touching” observations: new insights on men, women, and
interpersonal touch. Journal of Personality and Social Psychology, 59(6), 1155-1162.

Hanzal, A., Segrin, C., & Dorros, S. M. (2008). The role of marital status and age on men’s and
women’s reactions to touch from a relational partner. Journal of Nonverbal Behavior, 32, 21—
35. http://doi.org/10.1007/$10919-007-0039-1

Harrison-Speake, K., & Willis, F. N. (1995). Ratings of the appropriateness of touch among family
members. Journal of Nonverbal Behavior, 19(2), 85—-101.

Haxby, J. V, Gobbini, M. L., Furey, M. L., Ishai, A., Schouten, J. L., & Pietrini, P. (2001). Distrubuted
and overlapping representations of face and objects in ventral temporal cortex. Science,
293(5539), 2425—2430. http://doi.org/10.1126/science.1063736

Haynes, J. D. (2015). A primer on pattern-based approaches to fMRI: principles, pitfalls, and
perspectives. Neuron, 87(2), 257—270. http://doi.org/10.1016/j.neuron.2015.05.025

Haynes, J. D., & Rees, G. (2005). Predicting the orientation of invisible stimuli from activity in human
primary visual cortex. Nature Neuroscience, 8(5), 686—691. http://doi.org/10.1038/nn1445

Heiman, J. R., Long, J. S., Smith, S. N., Fisher, W. A, Sand, M. S., & Rosen, R. C. (2011). Sexual
satisfaction and relationship happiness in midlife and older couples in five countries. Archives
of Sexual Behavior, 40(4), 741—753. http://doi.org/10.1007/s10508-010-9703-3

Hertenstein, M. J., Holmes, R., McCullough, M., & Keltner, D. (2009). The communication of emotion
via touch. Emotion (Washington, D.C.), 9(4), 566—73. http://doi.org/10.1037/20016108

Hertenstein, M. J., Verkamp, J. M., Kerestes, A. M., & Holmes, R. M. (2006). The communicative
functions of touch in humans, nonhuman primates, and rats: A review and synthesis of the
empirical research. Genetic, Social, and General Psychology Monographs, 132(1), 5-94.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/17345871

Heslin, R., & Alper, T. (1983). Touch: a bonding gesture. In J. M. Wiemann & R. P. Harrison (Eds.),
Nonverbal Communication (pp. 47—76). Sage Publications.

Heslin, R., & Boss, D. (1980). Nonverbal intimacy in airport arrival and departure. Personality and
Social Psychology Bulletin, 6(2), 249—251.

Heslin, R., Nguyen, T. D., & Nguyen, M. L. (1983). Meaning of touch: the case of touch from a stranger
or same sex person. Journal of Nonverbal Behavior, 7(3), 147—-157.
http://doi.org/10.1007/BF00986945

Hill, R. A., & Dunbar, R. I. M. (2003). Social network size in humans. Human Nature, 14(1), 53—72.

Holt-Lunstad, J., Birmingham, W. A., & Light, K. C. (2008). Influence of a “warm touch” support
enhancement intervention among married couples on ambulatory blood pressure, oxytocin,
alpha amylase, and cortisol. Psychosomatic Medicine, 70(9), 976—985.
http://doi.org/10.1097/PSY.0b013e318187aef7

53



Hornik, J. (1992). Tactile stimulation and consumer response. Journal of Consumer Research, 19(3),
449—458.

Jakubiak, B. K., & Feeney, B. C. (2016a). A sense of security: touch promotes state attachment security.
Social Psychological and Personality Science, 7(7), 745—753.
http://doi.org/10.1177/1948550616646427

Jakubiak, B. K., & Feeney, B. C. (2016b). Affectionate touch to promote relational, psychological, and
physical well-being in adulthood: a theoretical model and review of the research. Personality
and Social Psychology Review, 21(3), 228—252. http://doi.org/10.1177/1088868316650307

Jakubiak, B. K., & Feeney, B. C. (2016¢). Keep in touch: The effects of imagined touch support on
stress and exploration. Journal of Experimental Social Psychology, 65, 50—67.
http://doi.org/10.1016/j.jesp.2016.04.001

Jo, H.-H., Saramaki, J., Dunbar, R. I. M., Kaski, K., Borgatti, S. P., Mehra, A., ... Saraméki, J. (2014).
Spatial patterns of close relationships across the lifespan. Scientific Reports, 4, 6988.
http://doi.org/10.1038/srep06988

Jones, S. E. (1986). Sex differences in touch communication. Western Journal of Speech
Communication, 50(3), 227—241. http://doi.org/10.1080/10570318609374230

Jones, S. E., & Yarbrough, E. (1985). A naturalistic study of the meanings of touch. Communication
Monographs, 52(1), 19—56.

Jonsson, E. H., Backlund Wasling, H., Wagnbeck, V., Dimitriadis, M., Georgiadis, J. R., Olausson, H.,
& Croy, I. (2015). Unmyelinated tactile cutaneous nerves signal erotic sensations. Journal of
Sexual Medicine, 12(6), 1338—-1345. http://doi.org/10.1111/jsm.12905

Joule, R.-V., & Guéguen, N. (2007). Touch, compliance, and awareness of tactile contact. Perceptual
and Motor Skills, 104(2), 581-8. http://doi.org/10.2466/pms.104.2.581-588

Jourard, S. M. (1966). An exploratory study of body-accessibility. The British Journal of Social and
Clinical Psychology, 5(3), 221—231.

Jourard, S. M., & Rubin, J. E. (1968). Self-disclosure and touching: A study of two modes of
interpersonal encounter and their inter-relation. Journal of Humanistic Psychology, 8(1), 30—
48.

Kaas, J. H. (2004). Somatosensory system. Human Nervous System (Second Edi). Elsevier Inc.
http://doi.org/10.1007/513398-014-0173-7.2

Keysers, C., Kaas, J. H., & Gazzola, V. (2010). Somatosensation in social perception. Nature Reviews.
Neuroscience, 11(6), 417—28. http://doi.org/10.1038/nrn2833

Kim, K. J., Feeney, B. C., & Jakubiak, B. K. (2017). Touch reduces romantic jealousy in the anxiously
attached. Journal of Social and Personal Relationships, 026540751770201.
http://doi.org/10.1177/0265407517702012

Kirsch, L. P., Krahé, C., Blom, N., Crucianelli, L., Moro, V., Jenkinson, P. M., & Fotopoulou, A. (2018).
Reading the mind in the touch: neurophysiological specificity in the communication of emotions
by touch. Neuropsychologia, 116(Part A), 136—149.
http://doi.org/10.1016/j.neuropsychologia.2017.05.024

Kitayama, S., Mesquita, B., & Karasawa, M. (2006). Cultural affordances and emotional experience:
socially engaging and disengaging emotions in Japan and the United States. Journal of
Personality and Social Psychology, 91(5), 890—903. http://doi.org/10.1037/0022-
3514.91.5.890

Kleinke, C. L. (1977). Compliance to requests made by gazing and touching experimenters in field
settings. Journal of Experimental Social Psychology, 13(3), 218—223.
http://doi.org/10.1016/0022-1031(77)90044-0

Kleinke, C. L., Meeker, F. B., & La Fong, C. (1974). Effects of gaze, touch, and use of name on
evaluation of "engaged " couples. Journal of Research in Personality, 7, 368—373.

Knibest6l, M. (1975). Stimulus-response functions of slowly adapting mechanoreceptors in the human
glabrous skin area. The Journal of Physiology, 245(1), 63—80.
http://doi.org/10.1113/jphysiol.1975.sp010835

54



References

Kontula, O. (2016). Seksuaalinen hyvinvointi parisuhdeonnen avaimena.

Kowner, R. (2002). Japanese communication in intercultural encounters: The barrier of status-related
behavior. International Journal of Intercultural Relations, 26(4), 339—361.
http://doi.org/10.1016/S0147-1767(02)00011-1

Lee, J. W., & Guerrero, L. K. (2001). Types of touch in cross-sex relationships between coworkers:
perceptions of relational and emotional messages, inappropriateness, and sexual harassment.
Journal of Applied Communication Research, 29(3), 197—220.
http://doi.org/10.1080/00909880128110

Lee, Y.-S., Sehlstedt, I., Olausson, H., Jung, W.-M., Wallraven, C., & Chae, Y. (2018). Visual and
physical affective touch delivered by a rotary tactile stimulation device: A human psychophysical
study. Physiology & Behavior, 185(September 2017), 55—60.
http://doi.org/10.1016/j.physbeh.2017.12.022

Lehmann, J., Korstjens, A. H., & Dunbar, R. I. M. (2007). Group size, grooming and social cohesion in
primates. Animal Behaviour, 74(6), 1617—1629. http://doi.org/10.1016/j.anbehav.2006.10.025

Liljencrantz, J., Strigo, 1., Ellingsen, D. M., Kramer, H. H., Lundblad, L. C., Nagi, S. S., ... Olausson, H.
(2017). Slow brushing reduces heat pain in humans. European Journal of Pain.
http://doi.org/10.1002/€jp.1018

Logothetis, N. K., Pauls, J., Augath, M., Trinath, T., & Oeltermann, A. (2001). Neurophysiological
investigation of the basis of the fMRI signal. Nature, 412(6843), 150—157.

Loken, L. S., Wessberg, J., Morrison, 1., McGlone, F., & Olausson, H. (2009). Coding of pleasant touch
by unmyelinated afferents in humans. Nature Neuroscience, 12(5), 547-8.
http://doi.org/10.1038/nn.2312

Luong, A., Bendas, J., Etzi, R., Olausson, H., & Croy, 1. (2017). The individual preferred velocity of
stroking touch as a stable measurement. Physiology & Behavior, 177(December 2016), 129—134.
http://doi.org/10.1016/j.physbeh.2017.04.022

Major, B., Schmidlin, A. M., & Williams, L. (1990). Gender patterns in social touch: The impact of
setting and age. Journal of Personality and Social Psychology, 58(4), 634—643.

McCabe, C., Rolls, E. T., Bilderbeck, A., & McGlone, F. (2008). Cognitive influences on the affective
representation of touch and the sight of touch in the human brain. Social Cognitive and
Affective Neuroscience, 3(2), 97—108. http://doi.org/10.1093/scan/nsnoos

McDaniel, E., & Andersen, P. A. (1998). International patterns of interpersonal tactile communication:
a field study. Journal of Nonverbal Behavior, 22(1), 59—75.
http://doi.org/10.1023/A:1022952509743

McGlone, F., Vallbo, A. B., Olausson, H., Loken, L., & Wessberg, J. (2007). Discriminative touch and
emotional touch. Canadian Journal of Experimental Psychology/Revue Canadienne de
Psychologie Expérimentale, 61(3), 173—183. http://doi.org/10.1037/cjep2007019

McGlone, F., Wessberg, J., & Olausson, H. (2014). Discriminative and affective touch: sensing and
feeling. Neuron, 82(4), 737-755. http://doi.org/10.1016/j.neuron.2014.05.001

McRobbie, D. W., Moore, E. A., Graves, M. J., & Prince, M. R. (2006). MRI from picture to proton.
MRI from Picture to Proton. http://doi.org/10.1017/CB0O9780511545405

Mitchell, T. M., Hutchinson, R., Niculescu, R. S., Pereira, F., Wang, X., Just, M., & Newman, S. (2004).
Learning to decode cognitive states from brain images. Machine Learning, 57(1—2 SPEC. ISS.),
145-175. http://doi.org/10.1023/B:MACH.0000035475.85309.1b

Morrison, 1., Loken, L. S., & Olausson, H. (2010). The skin as a social organ. Experimental Brain
Research. Experimentelle Hirnforschung. Expérimentation Cérébrale, 204(3), 305—14.
http://doi.org/10.1007/s00221-009-2007-y

Muise, A., Giang, E., & Impett, E. A. (2014). Post sex affectionate exchanges promote sexual and
relationship satisfaction. Archives of Sexual Behavior, 43(7), 1391-1402.
http://doi.org/10.1007/s10508-014-0305-3

Nelson, H., & Geher, G. (2007). Mutual grooming in human dyadic relationships: An ethological
perspective. Current Psychology, 26(2), 121-140. http://doi.org/10.1007/812144-007-9009-3

55



Nguyen, T., Heslin, R., & Nguyen, M. L. (1975). The meanings of touch: sex differences. Journal of
Communication, 25(3), 92—103. http://doi.org/10.1111/j.1460-2466.1975.tb00610.x

Nummenmaa, L., Glerean, E., Hari, R., & Hietanen, J. K. (2014). Bodily maps of emotions.
Proceedings of the National Academy of Sciences, 111(2), 646—51.
http://doi.org/10.1073/pnas.1321664111

Nummenmaa, L., Suvilehto, J. T., Glerean, E., Santtila, P., & Hietanen, J. K. (2016). Topography of
human erogenous zones. Archives of Sexual Behavior, 45(5), 1-10.
http://doi.org/10.1007/s10508-016-0745-z

Nummenmaa, L., Tuominen, L., Dunbar, R., Hirvonen, J., Manninen, S., Arponen, E., ... Sams, M.
(2016). Social touch modulates endogenous p-opioid system activity in humans. NeuroImage,
138, 242—247. http://doi.org/10.1016/j.neuroimage.2016.05.063

Ogawa, S., Lee, T. M., & Kay, A. R. (1990). Brain magnetic resonance imaging with contrast dependent
on blood oxygenation. Proceedings of the National Academy of Sciences, 87(December), 9868—
9872.

Ogawa, S., Lee, T. M., Nayak, A. S., & Glynn, P. (1990). Oxygenation-sensitive contrast in magnetic
resonance image of rodent brain at high magnetic fields. Magnetic Resonance in Medicine,
14(1), 68—78. http://doi.org/10.1002/mrm.1910140108

Ogden, R. S., Moore, D., Redfern, L., & McGlone, F. (2015). Stroke me for longer this touch feels too
short: The effect of pleasant touch on temporal perception. Consciousness and Cognition, 36,
306—313. http://doi.org/10.1016/j.concog.2015.07.006

Olausson, H., Lamarre, Y., Backlund, H., Morin, C., Wallin, B. G., Starck, G., ... Bushnell, M. C. (2002).
Unmyelinated tactile afferents signal touch and project to insular cortex. Nature Neuroscience,
5(9), 900—4. http://doi.org/10.1038/n1n896

Rancourt, K. M., MacKinnon, S., Snowball, N., & Rosen, N. O. (2016). Beyond the bedroom: cognitive,
affective, and behavioral responses to partner touch in women with and without sexual
problems. The Journal of Sex Research, 4499(August), 1—15.
http://doi.org/10.1080/00224499.2016.1217297

Regan, P. C., Jerry, D., Narvaez, M., & Johnson, D. (1999). Public displays of affection among asian
and latino heterosexual couples. Psychological Reports, 84, 1201—1202.

Remland, M. S., Jones, T. S., & Brinkman, H. (1991). Proxemic and haptic behavior in three European
countries. Journal of Nonverbal Behavior, 15(4), 215—232. Retrieved from
http://link.springer.com/article/10.1007/BF00986923

Remland, M. S., Jones, T. S., & Brinkman, H. (1995). Interpersonal distance, body orientation, and
touch: effects of culture, gender, and age. The Journal of Social Psychology, 135(3), 281—97.
http://doi.org/10.1080/00224545.1995.9713958

Roberts, S. G. B., Dunbar, R. I. M., Pollet, T. V., & Kuppens, T. (2009). Exploring variation in active
network size: Constraints and ego characteristics. Social Networks, 31(2), 138—-146.
http://doi.org/10.1016/j.socnet.2008.12.002

Rolls, E. T., O’Doherty, J., Kringelbach, M. L., Francis, S., Bowtell, R., & McGlone, F. (2003).
Representations of pleasant and painful touch in the human orbitofrontal and cingulate cortices.
Cerebral Cortex, 13(3), 308-17.

Rosenfeld, L. B., Kartus, S., & Ray, C. (1976). Body accessibility revisited. Journal of Communication,
26(3), 27-30.

Saariméki, H., Ejtehadian, L. F., Glerean, E., Jadskeldinen, I. P., Vuilleumier, P., Sams, M., &
Nummenmaa, L. (2018). Distributed affective space represents multiple emotion categories
across the human brain. Social Cognitive and Affective Neuroscience, 13(5), 471—482.
http://doi.org/10.1093/scan/nsy018

Sailer, U., & Ackerley, R. (2017). Exposure shapes the perception of affective touch. Developmental
Cognitive Neuroscience, (June). http://doi.org/10.1016/j.dcn.2017.07.008

56



References

Sarkka, S., Solin, A., Nummenmaa, A., Vehtari, A., Auranen, T., Vanni, S., & Lin, F. H. (2012).
Dynamic retrospective filtering of physiological noise in BOLD fMRI: DRIFTER. NeurolImage,
60(2), 1517—1527. http://doi.org/10.1016/j.neuroimage.2012.01.067

Sbarra, D. A., & Coan, J. A. (2017). Relationships and health: The critical role of affective science.
Emotion Review, 10(1), 40—54. http://doi.org/10.1177/1754073917696584

Scheele, D., Kendrick, K. M., Khouri, C., Kretzer, E., Schlapfer, T. E., Stoffel-Wagner, B., ...
Hurlemann, R. (2014). An oxytocin-induced facilitation of neural and emotional responses to
social touch correlates inversely with autism traits. Neuropsychopharmacology, 39(9), 2078—
85. http://doi.org/10.1038/npp.2014.78

Schirmer, A., Ng, T., & Ebstein, R. P. (2018). Vicarious social touch biases gazing at faces and facial
emotions. Emotion. http://doi.org/10.1037/emo0000393

Schroeder, J., Fishbach, A., Schein, C., & Gray, K. (2017). Functional intimacy: Needing-but not
wanting-the touch of a stranger. Journal of Personality and Social Psychology, 113(6), 910—
924. http://doi.org/10.1037/pspi0o000104.sup

Segrin, C. (1993). The effects of nonverbal behavior on outcomes of compliance gaining attempts.
Communication Studies, 44(3—4), 169—187. http://doi.org/10.1080/10510979309368393

Sehlstedt, I., Ignell, H., Backlund Wasling, H., Ackerley, R., Olausson, H., & Croy, I. (2016). Gentle
touch perception across the lifespan. Psychology & Aging, 31(2), In press.

Sell, R. L. (1996). The Sell assessment of sexual orientation: Background and scoring. Journal of Gay,
Lesbian, and Bisexual Identity, 1(4), 295—310.

Shultz, S., & Dunbar, R. I. M. (2007). The evolution of the social brain: anthropoid primates contrast
with other vertebrates. Proceedings of the Royal Society B: Biological Sciences, 274(1624),
2429—2436. http://doi.org/10.1098/rspb.2007.0693

Silk, J. (2002). Using the 'F’-word in primatology. Behaviour, 139(2), 421—446.
http://doi.org/10.1163/156853902760102735

Sorokowska, A., Sorokowski, P., Hilpert, P., Cantarero, K., Frackowiak, T., Ahmadi, K., ... Pierce, J. D.
(2017). Preferred interpersonal distances: A global comparison. Journal of Cross-Cultural
Psychology, 48(4), 577—-592. http://doi.org/10.1177/0022022117698039

Suvilehto, J. T., Glerean, E., Dunbar, R. I. M., Hari, R., & Nummenmaa, L. (2015). Topography of
social touching depends on emotional bonds between humans. Proceedings of the National
Academy of Sciences, 112(45), 13811—-13816. http://doi.org/10.1073/pnas.1519231112

Thayer, S. (1986). History and strategies of research on social touch. Journal of Nonverbal Behavior,
10(1), 12—28.

Thompson, E. H., & Hampton, J. A. (2011). The effect of relationship status on communicating
emotions through touch. Cognition & Emotion, 25(2), 205—-306.
http://doi.org/10.1080/02699931.2010.492957

Tomita, M. (2008). An exploratory study of touch zones in college students on two campuses.
Californian Journal of Health Promotion, 6(1), 1—22.

Triscoli, C., Croy, L., Olausson, H., & Sailer, U. (2017). Touch between romantic partners: Being
stroked is more pleasant than stroking and decelerates heart rate. Physiology & Behavior,
177(April), 169—175. http://doi.org/10.1016/j.physbeh.2017.05.006

Turnbull, O. H., Lovett, V. E., Chaldecott, J., & Lucas, M. D. (2014). Reports of intimate touch:
Erogenous zones and somatosensory cortical organization. Cortex, 53(1), 146—154.
http://doi.org/10.1016/j.cortex.2013.07.010

Vallbo, A., & Hagbarth, K. E. (1968). Activity from skin mechanoreceptors recorded percutaneously in
awake human subjects. Experimental Neurology, 21(3), 270—289.
http://doi.org/10.1016/0014-4886(68)90041-1

Vallbo, A., Olausson, H., & Wessberg, J. (1999). Unmyelinated afferents constitute a second system
coding tactile stimuli of the human hairy skin. Journal of Neurophysiology, 81(6), 2753—63.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/10368395

57



Vallbo, A., Olausson, H., Wessberg, J., & Norrsell, U. (1993). A system of unmyelinated afferents for
innocuous mechanoreception in the human skin. Brain Research, 628(1—2), 301-304.
http://doi.org/10.1016/0006-8993(93)90968-S

Van Anders, S. M., Edelstein, R. S., Wade, R. M., & Samples-Steele, C. R. (2013). Descriptive
experiences and sexual vs. nurturant aspects of cuddling between adult romantic partners.
Archives of Sexual Behavior, 42(4), 553—560. http://doi.org/10.1007/s10508-012-0014-8

von Mohr, M., Kirsch, L. P., & Fotopoulou, A. (2017). The soothing function of touch: affective touch
reduces feelings of social exclusion. Scientific Reports, 7(1), 13516.
http://doi.org/10.1038/s41598-017-13355-7

Walker, S. C., Trotter, P. D., Woods, A., & McGlone, F. (2017). Vicarious ratings of social touch reflect
the anatomical distribution & velocity tuning of C-tactile afferents: A hedonic homunculus?
Behavioural Brain Research, 320, 91—96. http://doi.org/10.1016/j.bbr.2016.11.046

Wheeler, L., & Reis, H. T. (1991). Self-recording of everyday life events: origins, types, and uses.
Journal of Personality, 59(3), 339—354. http://doi.org/10.1111/j.1467-6494.1991.tb00252.x

Willis, F. N., & Briggs, L. F. (1992). Relationship and touch in public settings. Journal of Nonverbal
Behavior, 16(1), 55—64.

Willis, F. N., & Dodds, R. A. (1998). Age, relationship, and touch Initiation. The Journal of Social
Psychology, 138(1), 115—23. http://doi.org/10.1080/00224549809600359

Willis, F. N., & Hoffman, G. E. (1975). Development of tactile patterns in relation to age, sex and race.
Development Psychology, 11(6), 866.

Willis, F. N., & Rinck, C. M. (1983). A personal log method for investigating interpersonal touch. The
Journal of Psychology, 113, 119—122.

Zimmerman, A., Bai, L., & Ginty, D. D. (2014). The gentle touch receptors of mammalian skin. Science,
346(6212), 950—954. http://doi.org/10.1126/science.1254229

58



ISBN 978-952-60-8263-9 (printed)
ISBN 978-952-60-8264-6 (pdf)
ISSN 1799-4934 (printed)

ISSN 1799-4942 (pdf)

Aalto University

School of Science

Department of Neuroscience and Biomedical Engineering
www.aalto.fi

BUSINESS +
ECONOMY

ART +
DESIGN +
ARCHITECTURE

SCIENCE +
TECHNOLOGY

CROSSOVER

DOCTORAL
DISSERTATIONS



	Aalto_DD_2018_210_Suvilehto_verkkoversio



