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1. Introduction 

s (‘friendships’, see 

average number of members of a person’s active social network at around 100 

1.1 Touch processing in the nervous system 

ought as ‘touch’, skin has several different sensory 
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1.2 Relationship-specificity of touch 

hes, often conducted by hand. These touches can be ‘ ’, 
meaning brief, intentional contact to a restricted area, such as tapping a person’s shoul-
der to get their attention. They can be ‘ ’, when a contact is extended and 

ressure, like a hug. Intentional touch can also be ‘dynamic’

. Imagine you’re at a pub, and your partner 

 

                                                
1 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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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 
touch 

Acceptable for Not acceptable for 

1 functional 
professional 

A medical examination 
(Heslin & Alper, 1983; 
Schroeder, Fishbach, Schein, 
& Gray, 2017)  

Professionals (e.g. medical 
providers, security person-
nel) (Heslin & Alper, 
1983; Schroeder et al., 
2017) 

Not well known 

2 social 
polite  
 

A handshake (Heslin & Alper, 
1983) 

Most people, including 
strangers (Jones & 
Yarbrough, 1985) 

Acceptable for most people 
(Jones & Yarbrough, 1985) 

3 friendship 
warmth 

A hug (Forsell & Åström, 
2012) 

Not well known Not well known 

4 love 
intimacy 

Stroking the face (Aznar & 
Tenenbaum, 2016; Nguyen et 
al., 1975) 

Sexual intimates and close 
friends (Jones & 
Yarbrough, 1985) 
children (Aznar & 
Tenenbaum, 2016) 

Less common in non-ro-
mantic male-male pairs  
(Jones & Yarbrough, 1985) 

5 sexual arousal 
or desire 

Rubbing breasts (Curtis, Eddy, 
Ashdown, & Feder, 2012), 
stroking (Kirsch et al., 2018; 
Nguyen et al., 1975) 

Sexual partner Most other people, for ex-
ample same sex friends 
(Heslin & Alper, 1983) 
and co-workers (J. W. Lee 
& Guerrero, 2001) 

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

the touch recipient’s view of the 

M
or

e 
in

tim
at

e 
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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) 
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the log may interfere with subjects’ actual touching behaviour 

 

person’s skin is perceived as more pleasant than our own 

ed ‘Midas touch’ by Crusco and 

stronger when the toucher is one’s pa
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partner’s stranger’s)

 

satisfaction (‘relational well being’) and touch receipt. They propose that 

ship. Affectionate touch by one’s partner can, for example, reduce feelings of jealousy 
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1.3 Social touch in different cultures 

‘contact’ and ‘non contact’ cultures 
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2. Objectives 

touch. The aim of this thesis was to quantitatively inspect peoples’ perceptions of the 

 
an individual’s social network
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 Materials and Methods

3.1 Subjects 

Table 2. Participant statistics for each study and sample  

 Study I, 
Exp. 1 

Study I, 
Exp. 2 

Study II Study 
III 

Study 
IV 

Study type On-line On-line 
 

On-line On-line fMRI 

Culture Finnish Finnish French Italian Rus-
sian 

British British Japa-
nese 

Finnish Finnish 

Sample size 91  
61 F 
30 M 

194  
159 F 
35 M 

111  
90 F 
21 M 

462  
360 F 
102 M 

56  
45 F 
11 M 

545  
229 F 
316 M 

386  
172 F 
214 M 

254  
121 F 
133 M 

704  
528 F 
176 M 

19  
9 F 
10 M 

Age M (SD) 
in years 
 

28.2 (9.2) 31.9 
(11.7) 

31.1 
(14.0) 

32.5 
(22.3) 

26.3 
(10.6) 

44.7 
(12.9) 

46.0 
(12.6) 

40.1  
(14.6) 

26  
(6.5) 

29  
(8) 
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imate ages (set to subject’s own age for strangers), time since last seeing them (set to 0 

3.3 The emBODY tool 
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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 3-5mm3, and temporal resolution in the order 
of seconds. While other brain imaging methods can have better temporal or spatial 
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4. Summaries of the studies 

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

 

 

touch (such as ‘greeting’ and ‘consoling’), and they were asked to report which mem-
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Mantel’s test.

 

specific (χ2 ≥ 34.72, P < 0.05), with people more frequently 

), Mantel correlation statistic r= 0.45, p ≈ 
−7
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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) 

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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cients were concordant across the countries (P > 0.05 for differences between β val-

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.  

Figure 6. Sex differences in TIs 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.  

 

Figure 8. Association between the TI (y axis) and emotional bond (x axis) in each of the studied cultures. Each 
dot represents the average TI 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).  

 

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 

 

 

the subjects’ cultural heritage
provide information about their parents’ ethnicity and whether they had ever lived out-

thing other than English as first language, or not mentioning ‘British’, ’Irish’, ‘Welsh’, 
‘English’, or ‘Scottish’ in the cultural identity. Altogether 159 British subjects were 

parent as being something other than ‘Japanese’ or having lived more than one year 
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Figure 10. The touch area maps (TAMs) 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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 Touchability Index (proportion of body area allowed to touch, TI) as a function of the emotional bond 
(top left) and how pleasant the touch is (top right). Each dot represents the average for a member of the social 
network in one country (e.g. ‘Japanese mother’). The pleasantness and bond are strongly correlated with one an-
other (bottom left), but both also independently explain some of the variation of the TI as evidenced by the partial 
R2s (bottom right), calculated by averaging over orders. 

Figure 12. ROI-wise analysis of the relationship between emotional bond and ROI-wise TI. The visualisation shows 
averaged data, with each dot representing the average responses to one member of the social network in one 
culture. The comparisons between the intercept and slope are done with the un-averaged data. 
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4.3 Topography of Human Erogenous Zones 

 

 

evaluation of subjects’ knowledge of the erogenous zones 
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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. 

 

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 

 

Unlike previous work, we included the subjects’ actual romantic partners, we 

 

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 

tance or near their thigh or touching the subject’s upper thigh. The con-

I run, 9 stimuli were designed as ‘catch’ trials, where the same assistant 
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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. 
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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. 

Figure 17. The classification accuracy of the actor identity (partner, female stranger, male stranger) in seeing the 
hand at 20cm, seeing the hand at 5cm, 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).  
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5. General discussion 

  of social touch

studies compare touch between “close same sex friend” and “close opposite sex friend”, 
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, similar effect of mothers’ fathers’

 

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-
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(Croy, D’Angelo, & Olausson, 2014)

5.2 Social touch in different cultures  

 

Indeed, traditionally cultures have been indicated as being ‘contact’ or ‘non contact’ 
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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). 

 

 

Figure 19. Touch area maps for ventral surfaces of strangers in the six cultures from Studies I and II. 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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ilar in stereotypically ‘high contact’ and ‘low contact’ cultures 

acceptable in “different everyday situations” without specifying the context. T

one’s home country

or at people’s homes.

5.3 The role of touch in social bonding 
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“ ”

Moreover, individuals’ touch allowances can change as a result 

Figure 20. Average TI 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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linked to ‘friendship’ in non

5.4 Limitations and future directions 

similar studies on subjects’ expectations of where they are allowed to touch different 
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6. Conclusions 
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