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Tactile-emotion synesthesia
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We discuss experiments on two individuals in whom specific textures (e.g., denim, wax, sandpaper, silk, etc.)
evoked equally distinct emotions (e.g., depression, embarrassment, relief, and contentment, respectively). The
test/retest consistency after 8 months was 100%. A video camera recorded subjects' facial expressions and skin
conductance responses (SCR) were monitored as they palpated different textures. Evaluators' ratings significantly
correlated with the valence of synesthetes' subjective reports, and SCR was significantly enhanced for negative
synesthetic emotions. We suggest this effect arises from increased cross-activation between somatosensory cortex
and insula for 'basic' emotions and fronto-limbic hyperactivation for more subtle emotions. It may represent an
enhancement of pre-existing evolutionarily primitive interactions between touch and emotions.
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INTRODUCTION

Synesthesia is an involuntary experience in which
stimulation of one sensory modality causes unusual
activation in a second, unstimulated modality. Two
of the most common forms include the perception
of color while listening to sounds or while respond-
ing to graphemes; tone- and grapheme-color
synesthesia, respectively (Baron-Cohen, Burt,
Smith-Laittan, Harrison, & Bolton, 1996; Cytowic,
1989; Simner et al., 2006). For over a century after
its discovery by Francis Gait on (1883) it was consid-
ered an unreliable 'fringe' phenomenon but in the
last 7 years there has been a tremendous resurgence
of interest (Dixon, Smilek, Cudahy, & Merikle,
2000; Mattingley, Rich, Yelland, & Bradshaw, 2001;
Nunn et al., 2002; Palmeri, Blake, Marois, Flanery,
& Whetsell, 2002; Ramachandran & Hubbard,
2001a, 2003a; Simner & Ward, 2006).

We previously suggested that at least in some syn-
esthetes, the evocation of color is an authentic sen-
sory effect based on cross-activation between early
sensory areas; it is not a high level cognitive one

(Ramachandran & Hubbard, 200la, 200Ib). We pro-
posed that the effect was caused by a gene mutation
causing defective pruning of axons between the color
area V4 and the number grapheme area - which lie
adjacent to each other in the fusiform gyrus. We
put forth five bits of evidence favoring this 'sen-
sory' hypothesis. First in some grapheme-color
synesthetes - whom we have dubbed 'lower' syn-
esthetes - the vividness of perceived color decreases
monotonically as the luminance contrast is reduced
and disappears at 10% contrast even though the
grapheme itself remains clearly visible. Such depend-
ence on elementary physical parameters such as con-
trast would be hard to account for on the hypothesis
that synesthesia is merely a set of memory associa-
tions. Second, the synesthetically induced color can
lead to perceptual texture segregation because of the
color difference; e.g., if 2 s are embedded in an array
of randomly scattered 5 s, the 2 s are more readily
detected by synesthetes than by normal individuals
(Ramachandran & Hubbard, 2001a; Palmeri et al.,
2002). Third, some synesthetes report that individual
numbers can have different colors in different parts
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which would be consistent with errors in cross-wiring
but not with high level memory association. Fourth,
the colors produced by graphemes can drive the per-
ception of apparent motion in displays in which no
normal person can see motion (Kim, Blake, &
Palmeri, 2006; Ramachandran & Azoulai, 2006;
Ramachandran & Hubbard, 2002). Fifth, we showed
further evidence for this cross activation hypothesis
with fMRI studies hi subjects with grapheme-color
synesthesia (Hubbard, Annan, Ramachandran, &
Boynton, 2005), highlighting concurrent activation in
V4 and the grapheme area. This 'sensory' hypothesis
is also now supported by diffusion tensor imaging,
showing that there is an actual increase of axons
between fusiform gyms and color area V4 in 'projec-
tors' (synesthetes who experience the color projected
into space; lower synesthetes according to our termi-
nology) and additional white matter tracts in the
superior parietal lobule of all grapheme-color syn-
esthetes (Rouw & Scholte, 2007), exactly as we had
predicted (Ramachandran & Hubbard, 2001a).

We suggested that synesthesia, far from being a
curiosity, might provide an opportunity for studying
elusive aspects of the mind - such as metaphor. For
instance the same 'defective pruning' genes that cause
grapheme-color synesthesia when expressed in the
fusiform gyrus may - if expressed more diffusely in
the cortex - confer a propensity toward linking seem-
ingly unrelated concepts represented in brain maps
('metaphor'; Ramachandran & Hubbard, 200Ib),
explaining the much higher incidence of synesthesia
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in artists, poets and novelists (Mulvenna, 2007;
Ward, Thompson-Lake, Ely, & Kaminski, 2008).
Finally, if the mutant gene is expressed patchily
instead of diffusely, one would predict (Ramachan-
dran & Hubbard, 200Ib, 2003b) that if you have one
form of synesthesia you are more likely to have
another, and that is indeed the case (Ramachandran
& Hubbard 2001b; Simner et al., 2006).

In addition to intramodal and higher cognitive
forms of synesthesia, more exotic types have been
described involving complex interactions between
sensory modalities. In particular, individuals like
'The man who tasted shapes', experience tactile sen-
sations when tasting different foods (Cytowic, 1993).
In concordance with the recent finding of increased
connectivity in grapheme-color synesthesia, we have
theorized this rare form of 'tasting shapes' is due to
cross activation between taste - represented in the
insula and the postcentral gyrus representation of the
hand (Ramachandran & Hubbard, 200Ib).

These ideas do not imply synesthesia can be
explained entirely by sensory cross-activation nor
that top-down influences are without involvement.
Indeed, our group was the first to show such
effects, e.g., a 'Navon' figure - a large 2 made of
small 5 s - can be seen either as red or as green
depending on what a grapheme - color synesthete
attends to (Ramachandran & Hubbard, 2001b).
We showed also that an ambiguous grapheme can
change color depending on surrounding context
(CAT vs. THE; see Figure 1) suggesting that the

CAT
TAE

Figure 1. Synesthetic color changes depending on the context of the middle letter.
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linguistic categorization of the grapheme can
determine the color evoked. Furthermore, in
another less common form of synesthesia each
grapheme is reported to be either male or female
(ordinal linguistic personification); hardly the sort
of thing that lends itself to simple phrenological
account (Ramachandran & Hubbard, 2005). It is
not inconceivable, however, that the 'binarizing' of
the world into polar opposites such male/female,
good/evil, etc. is a way of simplifying cognitive
processing and may be mediated by specific brain
regions (Ramachandran & Hubbard, 2005). As
Freud said, 'anatomy is destiny'. This 'binarizing'
model, however, cannot explain the 'ordinal lin-
guistic personification effect' of Simner and
Hubbard (2006) in which different complex per-
sonality types are evoked by graphemes and/or
phonemes. We would suggest however that even
personality types - despite their apparent diversity
and complexity - may have a simple underlying
taxonomy and may be based on combinations of a
relatively small number of simple attributes.

Based on such considerations, one could make
the case that it is precisely because synesthesia lies
at the elusive interface between sensory and higher-
level conceptual processes that it might provide a
valuable experimental lever for probing higher
level thought processes (such as metaphor and lan-
guage). The link between synesthesia and meta-
phor (Ramachandran & Hubbard, 200 Ib) may
seem tenuous at first since the former involves
seemingly arbitrary links between sensations (e.g.,
a blue '5'), whereas the latter is not arbitrary (e.g.,
saying 'Juliet is the sun'; you can't say 'Juliet is
green'). Why would a general increase in cross-
wiring increase the propensity to non-arbitrary
conceptual metaphor? There are two answers to
this. First, many metaphors are in fact arbitrary:
e.g., when we say 'loud tie', 'green with envy', etc.
(although they may respect anatomical constraints;
see Ramachandran & Hubbard, 200Ib, 2003b).
Second - and more important - words themselves
have only a finite set of attributes. A word such as
'Juliet' has a penumbra of associations, e.g.,
woman, warm, nurturing, radiant, Italian, etc.,
and so does a sun —warm, radiant, nurturing, solar
system, sky, huge, etc., so that you have two par-
tially overlapping halos such as 'warm, nurturing,
radiant' which constitute the metaphor ('Juliet is
the sun'). But they also have non-overlapping
attributes and associations (woman, Italian, huge,
solar system, etc.; you don't say Juliet is huge). With
more diffuse expression of the synesthesia gene there

would be a much bigger halo of associations around
each word and therefore a wider overlap, multiply-
ing the opportunity for metaphor. This might
explain the purported creativity of synesthetes
(Domino, 1989; Rich, Bradshaw, & Mattingley,
2005; Ward, Yaro, Thompson-Lake, & Sagiv,
2007) and also explain so-called variants like ordi-
nal linguistic personification which may begin life
as essentially random associations of the kind we
all make from time-to-time. For instance, the link
between (say) a number 7 and a 'lean and hungry
looking man' may occur more frequently and viv-
idly in synesthetes because excess cross-activation
resulting from stronger penumbras. And once such
an arbitrary association is made the same excess
connections may lead to a form of 'auto-kindling'
further strengthening the association of personali-
ties and numbers far in excess of what might occur
in a non-synesthete. In short, what are vaguely felt,
almost unconscious, fluctuating propensities in all
of us (e.g., '8 is sexy and tall woman', etc.) may -
after the first exposure - become permanently
entrenched and emerge into consciousness in syn-
esthetes (Ramachandran & Brang, 2008).

We now report two individuals with an unusual
new form of synesthesia in which nearly all tactile
textures (e.g., velvet or wax) consistently and relia-
bly evoke highly specific, and strong emotions. Of
course even in normal individuals certain textures
would be expected to be associated with emotions
(e.g., a furry blanket with 'comfort'). What was
remarkable about the two synesthetes we studied
was the intensity of the induced emotional states as
well as the arbitrary yet highly specific nature of
the evoked emotion. For example there is no obvi-
ous reason one would expect denim to evoke
depression and disgust. To our knowledge this
form of synesthesia has not been reported or previ-
ously studied to establish its characteristics or,
indeed, its authenticity. We report three experi-
ments and offer speculations on the anatomical
basis of this form of synesthesia.

CASE DESCRIPTIONS

AW (22 years old) and HS (20 years old) are both
female, right-handed university students who have
no history of neurological or psychiatric disorder.
Each time these individuals touch a particular tex-
ture with their hands, they automatically and con-
sistently experience a particular emotion; something
they report have experienced from as far back in
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early childhood as they can remember. Certain
types of textures evoke raw or primal emotions
such as joy or disgust, whereas others generate sub-
tle nuances of emotion such as jealousy or guilt. In
the case of subject AW, the most extreme sensa-
tions arise from the texture of denim, causing feel-
ings of depression and disgust, and silk, generating
the experience of perfect happiness and content-
ment (Table 1). With subject HS, the most acute
sensation is gained from soft leather, which she
personally describes as 'making my spine crawl'
(Table 2). The intensity and quality of each emo-
tion experienced is consistent over time for any
given texture (e.g., denim always causes extreme
disgust). In both subjects there are textures that
elicit no sensation (human skin or paper).

In addition to experiencing emotions from tactile
input, AW possesses a 'calendar line' (the form of
synesthesia she was originally identified for) - a
well known form of synesthesia in which days and
months are experienced in terms of specific and pre-
dictable spatial locations (Sagiv, Simner, Collins,
Butterworth, & Ward, 2006). In some individuals,
as is the case with AW, important events become
highlighted on these perceptual calendars such as
birthdays and other significant dates. During object

palpation, AW experiences a specific emotion as
well as a number (e.g., while touching a particular
type of cotton she experiences the number 4). These
experiences are automatic for AW and have,
according to her, occurred since childhood, consist-
ent with descriptions given by other synesthetes.
Indeed, it has been shown that individuals with one
form of synesthesia likely possess one or more addi-
tional forms (Ramachandran & Hubbard, 200 Ib;
Simner & Holenstein, 2007; Simner et al., 2006).
Anecdotally, she reports that as a child she argued
with her parents over her refusal to wear jeans to
school (denim evokes the worst emotion for AW,
causing disgust and self-loathing).

AW's emotional inductions through tactile input
are mediated best by her little finger and forefin-
ger, as was revealed through our experimentation.
Emotions can be evoked from both the hands and
feet, yet input from the hands produces markedly
more intense emotions. Oddly, experienced emo-
tions differ depending on whether the stimulus is
palpated by the hands or by the feet (e.g., ceramic
evokes calmness via her hands a feeling of power
when placed on the foot). This is presumably due
to differential connectivity patterns between soma-
tosensory SI and SII for the feet and hands (Whitsel,

TABLE 1
Emotions experienced by synesthete AW, generated by touching specific objects are shown above

Specific Texture Emotion Experienced in First Test Emotion Experienced in Second Test

Bok Choy
Corduroy
Denim
Leather
Moist soil
Textured glove
Multicolored toothpaste
Orange peel
Paper
Plastic paper clip
Ridged plastic
Rough textured plastic
Sand paper (grade 120)
Sand paper (grade 180)
Sand paper (grade 60)
Silk sleeping bag
Skin
Smooth metal
Tennis ball
Tylenol gel caps
Vanilla Pudding
Water (room temperature)
Water (warm)
Wax

Disgust
Confusion, walking into a room and not knowing why
Depression, disgust
Receiving criticism
Content, happy
Willies, wanted to get up and run
Anxious
Like an electrical shock
No emotion
Funny, disgusting, like touching a worm
Laughter
Disgusted, didn't like it
Telling a white lie
Relief
Guilty
Happiness, safety
No emotion
Calmness
Content, memory of having fun with dad
Jealousy
Content, like sitting quietly with friends
No emotion
Waking up in the morning and disoriented
Embarrassment

Disgust
Frustrated, lost, a bit confused
Depressed, worthless
Embarrassed
Content, like a sunny day where things are good
Creepy, like being followed
Anxious
Like an electrical shock
No emotion, neutral
Disgusting, but not bad, like touching a worm
Funny
Disgusted, not content
Guilty, but not a bad guilt
Relief
Guilty
Happy, amazingly happy
No emotion
Calm
Content, memory of dad playing guitar
Jealous
Happy, content
No emotion
A little on the anxious side
Embarrassed and frustrated

Emotional induction is automatic and involuntary, and subjects can offer no basis for emotional pairings between stimuli.
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TABLE 2
Emotions experienced by synesthete HS, generated by touching specific objects are shown above

Specific Texture Emotion Experienced in First Test Emotion Experienced in Second Test

Bok Choy
Corduroy
Denim
Dry leaves
Fleece
Lush leaf
Moist soil
Paper
Plastic paper clip
Rayon
Ridged plastic
Rough textured plastic
Sand
Silk
Silk sleeping bag
Skin
Smooth metal
Soft leather
Tennis ball
Textured glove
Tylenol gel caps
Water (room temperature)
Water (warm)
Wax

Irritated
Disappointed
Mostly neutral, no real emotion
Distasteful, did not want to touch
Disgust
Calm, peaceful
A little uncomfortable
No emotion
No emotion
Relaxed, comfort
Cool, happy
No emotion
Safe, happy
Laughter
Relaxing
No emotion
Sedated, calm
Extremely scared, makes her spine crawl
Happy
Creepy, cool, weird
Fun but weird
Calm, felt like wet air
Calm, but less so than room temperature
Disgust

Uncomfortable and annoyed
Unpleasant, felt bad
Neutral, no emotion
Disgust, made her feel withered
Disgust
Curious, happy
Made her feel damp and gritty
Neutral, no emotion
No emotion
Comforted
Kind of fun, happy
No emotion
Fluttery, lighthearted, happy
Laughter
Calm and neutral
No emotion
Relaxed
Afraid and repulsed
Happy
Excited, intriguing
Happy
Calming, soothing
Mildly calm
Disgust

Petrucelli, & Werner, 1969). When AW experiences
tactile sensations on areas other than hands or feet
(e.g., the face) she will not experience a direct
induction of an emotion. Instead, if she knows
what emotion typically induced by that item, she
will experience a vague and blunted, associative
preference or aversion for the texture. For exam-
ple, denim palpated by AW's hands induces
depression and self-loathing. When denim is
pressed against AW's face she feels a mild forebod-
ing of discomfort without a specific emotion.

HS does not experience any other forms of syn-
esthesia beyond tactile-emotion synesthesia and
was identified through a survey in her class. She
reports these experiences have occurred since
early childhood, are automatic, and cannot be
ignored. In general, HS's emotional descriptions
are more basic than AW's, staying clustered
around a core primary emotion (e.g., joy, relaxa-
tion, fear, disgust, discomfort); she rarely
describes an object as causing complex emotions
like jealousy. It is also possible HS is less intro-
spective about her emotions than AW making her
less sensitive to subtle emotional gradations of
synesthesia. HS reports that the temperature of
an object will modulate the emotion experienced
(cold stones are mildly comforting while warm

stones contain an element of disgust). Induction
of emotion occurs only through tactile input of
the hands for HS; maximal emotional induction
occurs through the tips of the forefinger and
thumb, as well as the palm of her hand.

Interestingly, there is a small visual component
present in both AW's and HS's experience of
emotions through palpation. While the emotions
are present and consistent without visual input,
emotional intensity can be modulated by this
additional information (though vision by itself
was ineffective at causing emotional experiences).
As mentioned previously, AW experiences
depression and disgust for denim. This feeling is
intensified if the denim is blue and she subjec-
tively reports that when her parents forced her to
wear jeans, she would wear black denim to dull
the intensity. HS reports that the strength of an
emotion is amplified by the size of the object.
Small, cold, smooth stones are often mildly com-
forting, whereas large stones provoke more
intense comfort.

Both synesthetes have developed methods of
coping with the world in situations involving
emotionally negative textures. For example, if
forced to touch an emotionally aversive texture,
AW will sing to try and ignore the emotion, or
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hold silver in her opposite hand and focus on the
calming effect of the smooth metal. Both individ-
uals also enjoy the freedom and ease of changing
their mood for the better by simply touching a
'positive' texture after experiencing a negative
emotion that has been induced naturally (e.g., a
fight or bad day) or through another texture.
Finally, switching rapidly across different tex-
tures from an array is reported to be 'emotionally
draining'.

EXPERIMENTAL INVESTIGATION

To investigate the stability of these experiences we
tracked the subjects test-re-test consistency of
evoked emotions (e.g., denim eliciting disgust) over
an 8-month period. In addition we surreptitiously
recorded subjects' facial expressions during the
palpation of different textures. As another test of
authenticity, we measured the impact of tactile
input on autonomic arousal using sympathetic skin
conductance response (SCR). The brain mecha-
nisms underlying the generation of SCR are regu-
lated by those involved in emotional processing
(Buchel, Morris, Dolan, & Friston, 1998), suggest-
ing this technique as a valid measure of subjects'
emotional arousal. Since SCR's cannot be 'faked',
the technique is often used as part of a 'lie detector'
battery. Lastly, subjects rated the valence (pleas-
ant, neutral, or unpleasant) and magnitude (1-10)
of each tactile sensation.

Participants

Two tactile-emotion synesthetes and 18 non-
synesthetic control volunteers participated in this
study (8 females, mean age: 20.4 years, range 18-26).
All gave informed consent and had normal or cor-
rected to normal vision and none had any history
of psychiatric or neurological disorder.

Stimuli and procedure

In the first portion of this study, participants were
seated alone in a room and instructed to follow
instructions delivered by the monitor in front of
them. Skin conductance was recorded from the left
hand, with a pair of Ag-AgCl electrodes (0.8 cm
diameter) attached to the palmar surface of the
medial phalange of the index and middle fingers,
and filled with a 0.050 molar NaCl paste. Subjects

were instructed to touch 10 items one time each
(soil, paper, water, denim, sand, leather, ridged
plastic, silk, rubber, smooth plastic) located on a
table adjacent to their right hand. Each trial lasted
10 s, with 2 min between trials.

Subjects' facial expressions during this task
were recorded by a video camera (hidden from
view during synesthetes' testing to avoid emo-
tional expressions generated for the benefit of
experimenters). Skin conductance was not ana-
lyzed from this session, but only present so as
not to tip subjects off we were observing their
facial expressions. Experimenters also left the
room during this session telling subjects that we
did not want our presence to interfere with SCR
recording (and to create an environment where
subjects felt comfortable reacting naturally to
textures).

Four evaluators who were blind to the purpose
of the experiment were asked to rate both the
valence (pleasant, neutral, or unpleasant) and mag-
nitude (1-10) of the facial expressions while the
subjects palpated various textures. Evaluators
could not see the object being touched and scored
videos in a randomized order, sequentially by trial
number (scoring the first trial of all 20 subjects
before moving on to the second trial).

Following completion of this task, subjects'
SCR activity was recorded in a second session of
object palpation, this time with the experimenter
present in the room and the video camera turned
off. The order of items was randomized between
synesthetes, and non-synesthetic volunteers were
matched to the item order of AW or HS (9 subjects
each). Again, each of the 10 textures was palpated
in one trial only, for 10 s with 2 min between trials.
After this session, subjects completed a question-
naire assessing the valence (pleasant, neutral, or
unpleasant) and magnitude (1-10) of each object
palpated.

In addition to this testing session, on two differ-
ent occasions over an 8-month period the synes-
thetic subjects were asked to touch a range of
textures (24 items) and report any specific experi-
ence. With very few exceptions, the items palpated
wsre the same physical items used in both sessions.
The subjects were not told ahead of time that they
would be retested. As synesthetes reported a visual
component to the tactile-induced emotions, all tex-
tures used in each of these tasks were visible to the
subjects during testing. In addition, subjects
actively palpated the textures in these studies (as
opposed to being passive recipients).
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RESULTS AND DISCUSSION

Facial affect

In synesthetes, results showed a highly signifi-
cant (r -.77, p < .001) correlation between the
facial expression (as assessed by independent
reviewers) and the subjects own introspective
ratings of valence and magnitude (Figure 2). In
non-synesthetic individuals, no such correlation
was present (r = -.10, p =.19; Figure 3). This
provides strong evidence that synesthetes' expe-
riences were not of confabulatory origin. In
addition, synesthetes compared to controls pro-
duced significantly more pronounced facial
expressions [F(l, 199) = 94.55,;? < .0001]; inter-
rater reliability yielded an average correlation of
r = .68 between reviewers for all subjects' facial
expressions.

Skin conductance response

SCR activity during object palpation reflected a
range of emotional experiences, both negative and
positive, in the two synesthetes. In both subjects,
the magnitude of the SCR was strongly correlated
with subjective intensity ratings (0-10) for neutral
and negative emotions (r -.74,p < .01), but not for
positive emotions (r - -.28, p = .49). This is not
surprising given that even in normal individuals,
SCRs for pleasant emotions are usually weaker
and less reliable than for aversive stimuli
(MacDowell & Mandler, 1989). This may because the
amygdala responds preferentially to aversive stimuli
(LeDoux, Cicchetti, Xagoraris, & Romanski, 1990)
and sends its output through the hypothalamus to
increase SCR. Controls' SCR showed no correla-
tion with subjective intensity ratings (r = .05,
p—.52). The correlation between the subjective

Facial Affect vs Subjective Report in Synesthetes

Facial Affect

« HSDa1an-1Q A AWDatan-10 HS TretKiline — —AW Trendline

Figure 2. Magnitude of synesthetes' facial expressions (.x-axis) plotted against subjective internal report (y-axis), (r = .77,77 < .001).

Facial Affect vs Subjective Report in Controls

4 5 6

Facial Affect

* Control Data n=180

Figure 3. Magnitude of controls' facial expressions (.x-axis) plotted against subjective internal report (y-axis), (r = -. 10, p = .19).
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magnitude of the emotion and the SCR further
supports the authenticity of the synesthetically
induced emotions.

Consistency testing

Consistency for the reported emotions across the
two sessions was 100% although different words
were sometimes said to describe the same emotion.
For example, in one session AW reported grade
120 sandpaper elicited a emotion similar to 'telling
a white lie' and in the subsequent session stated
'guilty, but not a bad guilt, like you know you had
to do something wrong to get something better in
the long run'. This illustrates the stability of the
phenomenon but also provides circumstantial evi-
dence that the evoked emotions are not liguistically
mediated. If mediated by language or memory
alone, it is unlikely that she would have used a
completely different terminology to describe the
same emotional experience during the re-test trials.

GENERAL DISCUSSION

Correlations among the surreptitiously recorded
facial expressions, self-reported intensities of the
emotions, and the SCR all suggest that Tactile-
Emotion synesthesia is a highly reliable and auto-
matic perception. This phenomenon shows
remarkable consistency in the specificity of emo-
tions evoked across trials spread across months.

In both subjects, emotional induction occurs
mainly through appendages that have more acute
tactile discrimination (hands and feet in AW,
hands only in HS), as revealed by experimental
investigation. The fact that the body location mat-
ters strongly suggests, once again, that this phe-
nomenon is not confabulatory. Furthermore, when
different textures are simultaneously applied to the
face and hand, the emotions are dulled in both sub-
jects. In addition, AW's emotional experiences
vary depending on the limb that is used (ceramic
tile on her feet elicits a feeling of power, while on
her hands comfort) rendering it unlikely that this is
a learned association. If during childhood AW
established a strong accidental association between
ceramic and comfort, this association should not
differ if touched with either the hands or feet.

Subjective reports of tactile-induced emotions
were shown consistent over 8 months in both syn-
esthetes. Correlations between subjective reports
and facial affect confirm this phenomenon activates

emotionally intense expressions, as judged by blind
evaluators. Furthermore, the synesthetes' reports of
strong emotional effects during tactile palpation
were correlated significantly with SCR activity
(reflecting autonomic arousal) which is automatic
and cannot be faked. Indeed, even when normal
individuals are instructed to imagine positive or neg-
ative events, no differences between the emotions
are seen in SCR activity (Haney & Euen, 1976).

Our study reports the first experimental investi-
gation of synesthesia between tactile sensations
and induced emotional experiences. These findings
have important implications for the perceptual
nature of synesthesia and its interactions with
higher cognitive functions, in addition to having
implications for tactile perception in general.
Given its obvious evolutionary advantage there are
probably pre-existing connections between touch
and emotion that would normally be adaptive e.g.,
soft fur = pleasant, and sandpaper = aversive since
it is potentially abrasive. Painful tactile stimuli
send information through both fast-conducting
myelinated afferent fibers (alpha-fibers) signaling
pain, and slow-conducting unmyelinated C-fibers,
providing information to the limbic system medi-
ated by the anterior cingulate and insula (Olausson
et al., 2002; Ploner, Gross, Timmermann, &
Schnitzler, 2002). Tactile sensations beneficial to a
species survival (e.g., soft furs for warmth, and
smooth textures for 'nonabrasive') and those
which are harmful (e.g., jagged stones) may be con-
nected to limbic pleasure and aversion centers,
respectively. A derangement of these connections
caused by a gene that causes hyperconnectivity (as
in the case of grapheme color synesthesia;
Ramachandran & Hubbard, 200la; Rouw &
Scholte, 2007) would explain the curious and arbi-
trary parasthesia-like emotions being evoked by
touch in AW and HS. There may also be addi-
tional selective enhancements with the frontal
structure leading to the extraordinary specificity
some of the emotions (e.g., 'jealousy' or 'white lie').
We propose that in the context of pain, alpha fib-
ers developed at least partially as a predictive
mechanism for alerting you to tactile sensations
that could potentially cause damage over the long
term. Holding an abrasive rock or sandpaper will
not cause immediate pain and thus will not activate
unmyelinated c-fibers. However, this texture will
slowly damage or abrade the skin until a threshold
for pain is reached. Through the alpha fibers link-
ing with emotional limbic areas, primates may
have developed a mechanism for unconsciously
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predicting the potentially damaging long-term
effects of a particular object (which is then trans-
lated into a conscious experience of raw emotions).
Over time, these established pathways were
expanded to include more subtle gradations across
multiple sensory modalities giving rise to many of
the emotions humans experience. We suggest that
it is these pathways that regulate subtle tactile pref-
erences in all individuals. However, the fact that
stimuli such as fleece could evoke disgust, denim,
or pain, suggests that we are dealing not just with
enhancement of pre-existing associations but con-
nections that are randomly enhanced and abnor-
mal in other ways as well. This would be analogous
to the tingling electric shock-like feeling (parasthe-
siae) that occur even in normal people when the
ulnar nerve is tapped. The tapping creates an
unnatural pattern of 'junk' impulses that the brain
interprets as idiosyncratic quale that cannot be
labeled in any ordinary manner. The observation
suggests the priority of pattern - coding over place
-coding in the nervous system.

What are the underlying physiological mecha-
nisms? As already alluded to, we suggest that differ-
ent tactile textures evoke highly selective activity in
secondary somatosensory cortex (SII), which in turn
is known to provide an input to the insula (Robin-
son & Burton, 1980). Efferents from the insula then
project to limbic/emotional brain areas including
the anterior cingulate (Mishkin, 1979). A heightened
cross activation between SII cortex and the insula,
with output to the cingulate, may lead to tactile-
emotion synesthesia while an additional enhance-
ment of connections with frontal cortex may evoke
more subtle nuances unique to social primates (e.g.,
jealousy, guilt, etc.). We are currently exploring
these mechanisms with neuroimaging.

The heightened cross activation between SII/
insula/fronto-limbic structures could come about
as a result of two distinct mechanisms, both of
which might be caused by a gene mutation. First,
there could be an actual increase in axonal connec-
tions as seen in the fusiform gyrus of grapheme-
color synesthetes (Ramachandran & Hubbard,
2001 a; Rouw & Scholte, 2007). Second there could
be disinhibition of feedback modulation based on
transmitter imbalance (Armel & Ramachandran,
1999; Grossenbacher & Lovelace, 2001). This latter
hypothesis is supported by our recent observation
that synesthetes temporarily lose their synesthesia
with SSRI's which cause increased serotonin SI
receptor activation and reciprocally lowered acti-
vation of serotonin 2A (5HT2A) receptors and

increased levels of norepinephrine (Brang &
Ramachandran, 2008). Based on this observation
we have suggested that 5HT2A receptors might be
the 'synesthesia receptors' of the brain, that work
in conjunction with reduced levels of norepine-
phrine. We propose that the cross-activation in
synesthesia is caused by a mutation of gene
HTR2A on chromosome 13q.

In addition to these two mechanisms, we pro-
pose that because of the enhanced cross-activation
(caused by the diffuse expression of genes that
cause hyperconnectivity or disinhibition) associa-
tions that are made fleetingly by all of us become
entrenched - automatic or obligatory - in syn-
esthetes due to a form of 'auto-kindling'.

In summary these findings support our original
conjecture that synesthesia in general, including
tactile - emotion synesthesia, can help us link phe-
nomenology, genetics, brain anatomy, pharmacol-
ogy, and metaphor (T am touched by your
kindness') in a precise enough manner that they
might provide a new approach to understanding
higher brain functions that have hitherto eluded
physiological analysis. In addition they would pro-
vide a valuable antidote to the retreat back to the
dark ages of classical associationist psychology
championed recently by some researchers as an
explanation for all types of synesthesia.
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