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Abstract

A slow, gentle caress of the skin is a salient hedonic stimulus. Low threshold, unmyelinated C-tactile afferents fire
preferentially to this type of touch, where slow (<1 cm/s) and fast (>10 cm/s) stroking velocities produce lower firing
frequencies and are rated as less pleasant. The current aim was to investigate how the experience of tactile pleasantness
changes with repeated exposure (satiety to touch). A further aim was to determine whether tactile satiety varied with
different stroking velocities. The experimental paradigm used a controlled brush stroke to the forearm that was delivered
repeatedly for ~50 minutes. In Experiment 1, brush strokes were administered at three different velocities (0.3 cm/s, 3 cm/s
and 30 cm/s), which were presented in a pseudo-randomised order. In Experiment 2, brush strokes were applied using only
one velocity (either 3 or 30 cm/s). After each stroke, the participants rated both subjective pleasantness (liking) and wanting
(the wish to be further exposed to the same stimulus) for each tactile sensation. In Experiment 1, both pleasantness and
wanting showed a small, but significant, decrease over repetitions during stroking at 3 cm/s only, where the mean values
for pleasantness and wanting were similar. Conversely, slower (0.3 cm/s) and faster (30 cm/s) stroking showed no decrease
in ratings over time, however pleasantness was rated higher than wanting. In Experiment 2, both pleasantness and wanting
showed a significant decrease over repetitions for both applied velocities, with a larger decrease in ratings for stroking at
3 cm/s. In conclusion, satiety to touch occurred with a slow onset and progression, where pleasantness and wanting ratings
to stroking at 3 cm/s were affected more than at the slower or faster velocities. Tactile satiety appears to differ compared to
appetitive and olfactory satiety, because the hedonic and rewarding aspects of touch persist for some time.
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Introduction desired anymore and/or becomes aversive [9]. To our knowledge,
no previous investigations have looked at how repeated exposure
to affective touch is experienced, and more specifically, whether
and how the pleasantness of touch satiates. Affective touch is
signalled, in part, by unmyelinated, slowly-conducting (~1 m/s)
low-threshold mechanoreceptors, called C-tactile (C'T) afferents,
which are only found in the hairy skin of the body [15-20].
Affective, emotional touch can be distinguished from discrimina-
tive, conscious touch by the speed of the conduction of the afferent
information. Discriminative touch requires the activation of
myelinated, fast-conducting, AP low-threshold mechanoreceptors
for the perception of tactile qualities like force, velocity, texture
and pressure [21]. Human microneurography experiments have
found that CT afferents respond well to slow, gentle stroking, with
their highest firing frequencies occurring to strokes within the
velocity range 1-10 cm/s [15,22]. The stroking velocity response
curve gained in CT firing frequency, where slower and faster
velocities produce lower firing frequencies, is mirrored in
psychophysical judgments of the pleasantness of the same stroking
stimulus [15,22]. In combination with imaging studies showing
similar effects of stroking velocity on insular responses [23], the
CT system appears to code the positive aspects of affective touch.

Satiety, the decrease in reward value due to repeated exposure,
has been studied to the greatest extent in the olfactory and
gustatory literature. Findings regarding satiety from eating food
have shown that the subjective pleasure derived from of an
ingested food and the motivation to obtain more of the same food,
decline with consumption [1-5]. Studies have found that the
perceived pleasantness of food decreases even faster when
repeatedly exposed to the same food, a phenomenon called
sensory-specific satiety [6-9]. In olfaction, it has been speculated
that the pleasantness of an appealing smell can decrease after
repeated exposure [10] and it can even shift towards aversion [11].
However, it has also been found that using a constant olfactory
stimulus frequency and strength, the hedonic value of pleasant
odours is maintained over repeated exposures [12].

For visual stimuli, it has been shown that the repeated
presentation of erotic visual material leads to a decrease in
physiological arousal [13]. This can be considered a case of
habituation, which is characterised by a decline in the respon-
siveness to a stimulus [14]. Satiety is a different process to
habituation, as satiety occurs when a stimulus is no longer
perceived as pleasant after repeated exposure, therefore is not
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CT afferents have been found to fatigue over time, where their
responses become depressed after repeated exposure to tactile
stimuli. This high dependency to previous touch has been explored
in animals (in C-low threshold mechanoreceptors, CLTMs) [24
26] and to some extent in humans [16,20]. In humans, repeated,
supra-threshold tactile stimuli can render CTs less responsive,
although they do continue to fire to touch [16,20]. In animals, the
depression of CLTM responses appears to be much longer-lasting
[26], which may indicate between-species differences. The
myelinated mechanoreceptors show substantially little, if any,
fatigue to repeated tactile stimulation [27]. Thus, it is of interest to
study the effects of possible fatigue in CT afferents and whether it
occurs more readily at a stroking velocity that optimally activates
CT afferents as compared to using sub-optimal activation.

The subjective experience of a pleasant sensory stimulus relates
to the concept of reward, which is characterised by the two inter-
related components of “liking” and “wanting” [28]. “Liking” is an
affective reaction to the hedonic evaluation of a reward, which is
inherently connected to the derived pleasure or pleasantness [29—
35]. On the other hand, the concept of “wanting” corresponds to
the motivational value and incentive attributed to the reward [36—
38]. There has been an attempt to dissociate liking and wanting in
humans, where pharmacological manipulations in the so-called
“hotspots” of the limbic structures (particularly nucleus accum-
bens and ventral pallidum) have been shown to alter wanting
without affecting liking, and vice versa [28,36,39]. Moreover,
liking, wanting and intensity have been shown to be independent
of sensory modality in a study in chocolate cravers and non-
cravers using functional magnetic resonance imaging [40]. The
primary sensory cortical areas (visual, gustatory) showed no
differences between cravers; however, the orbitofrontal cortex,
ventral striatum and pregenual cingulate cortex showed specific
stimulus activations, which were further linked to the degree of
craving (wanting). Additionally, the amount of pregenual cingulate
cortex activity was correlated with the rated pleasantness (liking)
and intensity of the stimulus, but not with wanting [40]. Another
attempt to assess liking and wanting through separate measure-
ment techniques showed a partial dissociation between these
concepts for generic food categories [41]. However, dissociating
the concepts of liking and wanting remains a challenge, as it is
likely that there are separate neural correlates in specific situations
for liking and wanting, but the concepts are inextricably inter-
related and depend on personal preferences [42].

The aim of the present work was to determine whether and how
the evaluation of repeatedly-presented, pleasant tactile stimuli
(brush strokes) changed with regard to the pleasantness sensation
(“liking”) and the wish to be exposed further to them (“‘wanting”),
and whether this differed with the velocity of the moving stimulus.
Based on the phenomenon of sensory-specific satiety (in taste), we
hypothesised that the rate of change in liking and wanting would
be lower for varying-velocity brush strokes (Experiment 1, within-
subjects) than for non-varying stimuli (constant velocity brush
strokes; Experiment 2, between-subjects). Moreover, since CT's
have been shown to fatigue, we predicted that the pleasantness of
stroking at a CT-optimised stroking velocity (3 cm/s), should
decrease more rapidly over repetitions than at the other velocities.
Moreover, considering the strong connection between the reward
system and aspects of liking and wanting, questionnaires were
administered to evaluate personality traits such as reward
sensitivity, approach motivation towards rewarding stimuli and
inclination to tactile experiences. We predicted that those
individuals who scored highly on these traits would show a lesser
decrease in pleasantness ratings over stroking repetitions.
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Materials and Methods

Experiment 1 (Within subjects, different stroking
velocities)

Experiment 1 was designed to test how the variation of brush
stroke velocity, delivered over repetitions, leads to a change in the
pleasantness (liking) and wanting of the stroke.

Participants. In total, 12 participants (6 males), aged
between 19 and 28 years, took part in the study. The study was
approved by the ethics committee of the University of Gothenburg
and the participants received financial compensation for partici-
pation in the study (200 SEK per hour, ~22 €). Written informed
consent was obtained from all subjects prior to their participation.

Experimental setting and procedure. After receiving a
written explanation of the experiment which included a descrip-
tion of the experimental setting and the instructions on how to
make the ratings (see below), and after having giving written
informed consent, the participants sat in a chair in front of a
computer screen with their left arm immobilised comfortably in a
vacuum cast. The participants wore headphones to minimise
noise, and occluding glasses that blocked their peripheral vision,
shielding them from seeing the tactile stimulation. Each partici-
pant was stroked on their left dorsal forearm via a custom-built
robotic device, which delivered highly replicable force and velocity
stimuli. The strokes were performed using a 50 mm wide flat, soft
water-colour brush made of fine, smooth, goat’s hair. The brush
was fixed to a rotary tactile stimulator (RTS; Dancer Design; St
Helen’s, UK) robot driven by LabVIEW software (National
Instruments; Austin, TX). Brush strokes on the participant’s
forearm were given at a calibrated normal force of 0.4 N, which is
sufficient to activate low-threshold mechanoreceptors. One trial
consisted of 5 back-and-forth brush strokes, where the brush
traversed a distance on the skin of ~10 cm for each stroke. After
each trial, participants rated the sensation on two subsequently
presented visual analogue scales (VAS) using a touch-screen tablet
computer (iPad, Apple; Cupertino, CA), which was fixed to a table
in front of the participant.

In the first VAS, the participants were asked to answer the
question: “How pleasant was the brushing?”’. This scale had the
endpoints “not at all pleasant” (with an output of —10) on the left
and “very pleasant” (with an output of +10) on the right, and was
intended to measure the concept of “liking”. In the second VAS,
which occurred directly after the first one, the participants were
asked to answer the question: “How much do you want another
stroke of the same velocity?””. This scale had the endpoints “not at
all” (with an output of —10) on the left and “very much” (with an
output of +10) on the right, and was intended to measure the
concept of “wanting”. The participant had 5 s to complete both
VAS; each VAS disappeared as soon as the participant had given
the rating, or timed-out if the answers were not given within the
allotted time. The output that corresponded to the middle of both
these scales (i.e. zero) was used as a middle point to distinguish
between pleasant and unpleasant in the first scale and between low
and high wanting in the second scale.

Three different brush-stroke velocities were used: “‘slow”
(0.3 cm/s), “medium” (3 cm/s) and “fast” (30 cm/s), with 40
repetitions of each. The three velocities were chosen as they
activate C'T fibres differently, and the firing rate of CT's correlates
with tactile pleasantness [15,22]. The peak firing frequency of CT
fibres in the hairy skin (forearm) occurs at stroking of 1-10 cm/s,
which corresponds to the “medium” velocity in the present study.
Stroking at the “slow” velocity produces many impulses from CT
afferents, but at a lower frequency; conversely, stroking at the
“fast” velocity gives only a few impulses, but also at a lower firing
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frequency [15,22]. In the present experiment, the three velocities
were delivered in a pseudo-randomised order across the partic-
ipants, so that the same velocity would occur maximally twice in a
row. In summary, there were 40 trials for each of the three
velocities, adding up to 120 trials in total, which lasted for
~50 minutes.

After the experiment, the participants filled in three different
questionnaires, the Behavioural Inhibition and Activation Systems
Scale (BIS/BAS; [43]), the Temporal Experience of Pleasure Scale
(TEPS; [44]) and the Need for Touch Scale [45]. The BIS/BAS
scale consists of 24 items that measure behavioural approach or
positive affect in response to reward (BAS), and avoidance or
negative affect in response to punishment (BIS) [46]. The BAS-
scale is divided into several subscales: BAS Drive, measuring the
degree to which reward outcomes guide subsequent behaviours;
BAS Fun Seeking, the degree to which a person is oriented
towards novelty seeking; and BAS Reward Responsiveness,
measuring the degree to which a person derives pleasure from
reward [47]. The TEPS is a measure of individual trait
dispositions in both Anticipatory (reward responsiveness and
imagery) and Consummatory (openness to different experiences
and appreciation of positive stimuli) experiences of pleasure. The
Need for Touch scale is designed to measure individual differences
in preference for touch and the degree to which a person has a
“need” for tactile input. The scale is divided into two sub-scales,
the Autotelic dimension, which involves a hedonic-oriented
response towards sensory stimulation itself, and the Instrumental
dimension, which refers to aspects of pre-purchase touch that
reflect outcomes directed to a purchase goal of any kind of
commercially-available products. Participants were instructed that
there were no right or wrong responses, only subjective ones
related to each one’s personal experiences. All participants
completed all the questionnaires, the results of which are presented
in Experiment 2.

Statistical analysis. Statistical analyses were made using
SPSS Statistics version 21 (IBM; Chicago, USA). To determine
whether the ratings changed significantly over the repetitions,
linear regression analyses were performed separately with “pleas-
antness” and “wanting” as the outcome variables and the number
of repetitions as the predictor, at each stroking velocity. To
determine general differences between pleasantness and wanting,
the VAS ratings for each participant were averaged, obtaining
mean values for “pleasantness” and “wanting” at each velocity.
The mean pleasantness and wanting ratings were submitted as
dependent variables in a multivariate analysis of variance
(MANOVA), with velocity (0.3 cm/s, 3 cm/s and 30 cm/s) as
the fixed factor. Greenhouse-Geisser corrections were used to
adjust for violations of sphericity. The level of significance was set
to p<0.05. Post-hoc t-tests, corrected for multiple comparisons
using Tukey’s method, were used to explore interaction effects.
Separate paired-sample t-tests were conducted at each velocity to
compare the mean level of pleasantness and wanting ratings.
Finally, to investigate the relationship between pleasantness and
wanting, a further linear regression analysis was performed for all
the velocities together with “wanting” as the outcome variable and
“pleasantness” as the predictor, in order to determine whether the
pleasantness ratings could significantly predict the subsequent
wanting ratings.

Experiment 2 (Between subjects, same stroking velocity)

To determine whether the liking and wanting of touch
decreased when the stimulus is not varied, we conducted a second
experiment. Here, the “medium” stroking velocity of 3 cm/s was
applied to one group of participants, and the “fast” 30 cm/s
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stroking was applied to a different group. The 0.3 cm/s velocity
was not used because the ratings obtained for the velocities of 0.3
and 30 cm/s produced very similar outcomes in Experiment 1.
Experiment 2 was designed to test how two different brush
stroking velocities to two different groups of subjects led to a
change in the pleasantness and wanting of touch, when delivered
repeatedly.

Participants. In total, 17 individuals (6 males), aged between
19 and 66 years, participated in the experiment. One participant
differed substantially from the others in terms of age (66 years);
however, we did not exclude her from the study because she was
deemed healthy and calculating all the analyses without this
participant did not change the results. Thus, her behaviour was
similar to that of the other participants. None of the participants
had taken part in Experiment 1. The study was approved by the
ethics committee of the University of Gothenburg and the
participants received financial compensation for participation in
the study (200 SEK per hour, ~22 €).

Experimental setting and procedure. The experimental
setting and procedure of Experiment 2 were identical to those of
Experiment 1 in terms of the left forearm stimulation; however,
each participant was repeatedly stroked with one velocity only.
One group of participants (N =9) were stroked at 30 cm/s for a
duration of 50 minutes (to keep the same stroking duration as in
Experiment 1), resulting in 267 trials. One participant terminated
the experiment after 169 trials because she found the ongoing
stimulation (at 30 cm/s) intolerable. However, the rating data of
this participant was included in the analyses. Another group
(N=8) was stroked at 3 cm/s for a duration of 50 minutes,
resulting in 120 trials. After the experiment, the participants filled
in the same questionnaires used in Experiment 1 (BIS/BAS, TEPS
and “Need for touch” scales). All participants completed all the
questionnaires.

Statistical anmalysis. To determine whether the ratings
changed significantly across repetitions, linear regression analyses
were performed separately with “pleasantness” and “wanting” as
the outcome variables and the number of repetitions per velocity
as the predictor. A paired-sample t-test was conducted to compare
the mean level of pleasantness and wanting at the 3 cm/s stroking
velocity, and at the 30 cm/s velocity. The VAS-ratings for each
participant were averaged, obtaining mean values of “pleasant-
ness” and “wanting” for both velocities, i.e. for both groups.
Furthermore, a MANOVA with the factor “stroking velocity”
(3 cm/s and 30 cm/s) and the mean ratings of pleasantness and
wanting as dependent variables was used to determine whether the
two reward aspects were evaluated differently depending on
velocity.

As for Experiment 1, in order to investigate the relationship
between pleasantness and wanting, a further linear regression
analysis was performed for all the velocities together with
“wanting” as the outcome variable and “pleasantness” as the
predictor, in order to determine whether the pleasantness ratings
could significantly predict the subsequent wanting ratings.

Comparisons between Experiments 1 and 2

It was of interest to compare the end ratings for both
pleasantness and wanting between Experiments 1 and 2, for
stroking at 3 and 30 cm/s. Independent t-tests were used to see
whether the constant-velocity stroking for 50 minutes (Experiment
2) produced significantly different pleasantness and wanting
ratings, respectively, compared to the mixed-velocity stroking
(Experiment 1).
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Figure 1. Ratings over time for (A) pleasantness and (B) wanting for stroking at different velocities in Experiment 1 (within-
subjects). Significant decreases were found for the pleasantness and wanting of stroking at 3 cm/s over stroking repetitions; this decrease over time
was not found for stroking at 0.3 and 30 cm/s. Furthermore, the pleasantness and wanting of touch was significantly higher for stroking at 3 cm/s, as

compared to 0.3 or 30 cm/s.
doi:10.1371/journal.pone.0113425.9001

Correlations between the Ratings and Touch
Questionnaires

The mean pleasantness ratings were correlated with the mean
wanting ratings, the regression slopes and the scores of the
questionnaire scales, using Pearson’s correlation. For this analysis,
the participants from Experiments 1 and 2 were pooled together
(N'=29). Analogous correlations were calculated for the mean
wanting ratings.

Results

Experiment 1 (Within subjects, different stroking
velocities)

The slope of the ratings was analysed across trials, to determine
the change in pleasantness and wanting over time. A small, but
significant, decrease in pleasantness ratings was found for stroking
at 3 cm/s, but not for stroking at 0.3 or 30 cm/s (3 cm/s:
t(477)= —2.04, standard error (SE)=0.01, R=0.09, Beta=
—0.09, p=.042; 0.3 cm/s: t(477)=—1.06, SE=0.01, R=0.05,
Beta=—0.05, p=.290; 30 cm/s: #478)=—0.50, SE=0.01,
R=0.02, Beta=—0.02, p=.617), as shown in Figure 1A. The
ratings decreased on average by 0.02 VAS-points after each 3 cm/
s trial. Analogous results were found for wanting touch. The mean
wanting ratings decreased slightly but significantly with the
number of repetitions, only for the stroking velocity of 3 cm/s
but not for 0.3 or 30 cm/s (3 cm/s: t(476)= —2.05, SE=0.01
R=0.09, Beta=—0.09, p=.041; 0.3 cm/s: t474)=—-0.62,
SE=0.01, R=0.03, Beta=-0.03, p=.537; 30 cm/s:
{(474)=0.22, SE=0.01, R=0.01, Beta=—0.01, p=.823), as
shown in Figure 1B.

Overall, pleasantness ratings for stroking at 3 cm/s were
significantly higher than ratings for stroking at 0.3 and 30 cm/s
(3 cm/s: M =4.04, SD=3.04; 0.3 cm/s: M =—0.56, SD =4.02;
30 ecm/s: M =0.50, SD =3.20) (Figure 2). The same tendencies
were found for wanting; ratings for stroking at 3 cm/s were
significantly higher than ratings from stroking at 0.3 and 30 cm/s
(8 em/s: M=3.96, SD=3.34; 0.3 cm/s: M =—1.98, SD =4.50;
30 ecm/s: M =—0.42, SD = 3.62) (Figure 2).

The velocity of stroking had a significant effect on the
pleasantness and wanting of touch (MANOVA Pillai’s Trace
statistic; V=0.45, F(4, 66)=12.06, p<.001). The subsequent
univariate ANOVAs on the ratings showed that there was a
significant effect of stroking velocity on both pleasantness (F(2,

PLOS ONE | www.plosone.org

17.33)=8.93, p =.001) and wanting (F(2, 28.23) =12.62, p<<.001)
of touch. Tukey’s corrected pairwise comparisons revealed several
significant differences between velocities in the pleasantness and
wanting ratings: the pleasantness ratings were significantly higher
for stroking at 3 cm/s than for both 0.3 cm/s (mean differ-
ence = —4.58, SE=1.14, p=.001) and 30 cm/s (mean differ-
ence =3.54, SE=1.14, p=.010); conversely, the pleasantness
ratings for stroking at 0.3 cm/s and 30 cm/s were not significantly
different (mean difference =1.04, SE=1.14, p =.632). The same
tendencies were found for wanting: the ratings were significantly
higher for stroking at 3 cm/s than for stroking at 0.3 cm/s (mean
difference =5.92, SE=1.22, p<.001) and for 30 cm/s (mean
difference = 4.38, SE=1.22, $=.003); conversely, the wanting

107

Pleasantness
— Wanting

Mean Ratings

Pesccscccccaccancanncnnn
T . H

T
3.0
Velocity

30.0

Figure 2. Mean pleasantness and wanting ratings for the three
different stroking velocities in Experiment 1 (within subjects).
Stroking at 3 cm/s was rated as significantly more pleasant and wanted
than stroking at 0.3 or 30 cm/s. However, there was no significant
difference between the value of pleasantness or wanting of touch at
3 cm/s stroking, whereas pleasantness was significantly higher for
stroking at 0.3 and 30 cm/s.

doi:10.1371/journal.pone.0113425.9g002
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ratings for stroking at 0.3 cm/s and 30 cm/s were not significantly
different (mean difference = 1.54, SE=1.22, p = .431) (Figure 2).

The mean levels of the ratings were compared within each
stroking velocity, to assess whether there were differences between
the levels of pleasantness and wanting. Significantly higher values
were found for pleasantness, rather than wanting, for stroking at
0.3 cm/s ((11)=2.94, p=.019) and 30 cm/s (¥(11)=2.50,
p=.030) (Figure 2). On the other hand, the pleasantness and
wanting ratings were not significantly different for stroking at
3 cm/s, (¢((11)=0.29, p=.777).

The linear regression with “pleasantness” as the predictor and
“wanting” as the outcome variable, showed that wanting rating
could be predicted directly from the pleasantness rating, with a
significant positive trend (#(1426)=79.24, SE=0.01, R=0.90,
Beta=0.90, p<.001). Wanting explained the majority of the
variance in pleasantness (R? = 0.82), showing that pleasantness and
wanting were intricately related.

Experiment 2 (Between subjects, same stroking velocity)

A significant decrease in pleasantness ratings with the number of
repetitions was found for both stroking velocities (3 cm/s:
{(934)=—13.04, SE=0.00, R=0.40, Beta=—0.40, p<.001;
30 cm/s: ¢(2313)= —21.54, SE=0.00, R=0.41, Beta=—0.41,
$<.001) (Figure 3A). Analogous results were found for wanting,
where the mean wanting ratings decreased significantly with the
number of repetitions for both stroking velocities (3 cm/s:
1(921)=—17.62, SE=0.00, R=0.51, Beta=—-0.51, p<.001;
30 cm/s: $(2295)= —23.41, SE=0.00, R=0.44, Beta= —0.44,
$<<.001) (Figure 3B).

Overall, the mean pleasantness ratings were in the slightly
negative range for both velocities (3 cm/s: M = —0.74, SD = 3.00;
30 cm/s: M = —1.12, SD = 2.44) (Figure 3A). Similarly, the mean
wanting ratings were in the slightly negative range for both
velocities (3 cm/s: M =—0.22, SD=3.12; 30 cm/s: M = —0.56,
SD =2.96) (Figure 3B). The paired samples t-tests comparing the
mean levels of pleasantness and wanting per stroking velocity
revealed that the ratings for pleasantness were higher than the
ratings for wanting, both when stroking was applied at 3 cm/s
(¢(7)=2.72, p=.030) and 30 cm/s ({(8)=5.11, p =.001).

The comparison of pleasantness and wanting across stroking
velocities showed no significant main effect of velocity on the
pleasantness and wanting of touch (MANOVA Pillai’s Trace
statistic; V =0.70, F(2, 14)=1.21, p =.327). Thus, the pleasantness

(A) Pleasantness
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ratings were similar for 3 cm/s and 30 cm/s stroking (mean
difference = —0.20, SE = 0.66), as were the wanting ratings (mean
difference =0.17, SE=0.74).To further investigate the relation-
ship between pleasantness and wanting as related concepts, a
linear regression with “pleasantness” as the predictor and
“wanting” as the outcome variable gave a similar result to
Experiment 1, showing that wanting could be predicted from
pleasantness, in a significant positive trend (£(3215)=106.03,
SE=0.01, R=0.88, Beta=0.88, p<<.001). Again, wanting ex-
plained the majority of the variance in pleasantness (R*=0.78).

Comparisons between Experiments 1 and 2

Independent t-tests were used to explore whether differences in
pleasantness and wanting ratings existed at the end of constant-
velocity stroking in Experiment 2, compared to the mixed-velocity
stroking in Experiment]l (note that both experiments were of
~50 minutes duration). Pleasantness end-ratings for the velocity of
3 cm/s were significantly higher in Experiment 1 where only 40
trials at 3 cm/s were presented, than in Experiment 2 where 120
trials were presented (mean difference =5.66, SE=1.60;
{(16)=3.55, p=.003). The same was true for the end ratings of
wanting (mean difference =7.86, SE =1.74; ¢(16) = 4.50, p<<.001).
There was no significant difference between the end ratings for
pleasantness (mean difference =1.46, SE=1.52; #(18)=0.96,
p=.349) or wanting (mean difference=2.64, SE=1.52;
{(18)=1.73, p =.100) for stroking at 30 cm/s between Experiment
1 (total 40 trials at 30 cm/s) and Experiment 2 (267 trials).

Correlations between the Ratings and Touch
Questionnaires

Significant negative correlations were found between the BAS
Fun Seeking and the mean pleasantness ratings (r(27)= —0.40,
p=.034,), as well as between BAS Fun Seeking and the mean
wanting ratings (r(27) = —0.42, p =.022). In addition, a significant
positive correlation was found between all the mean pleasantness
and mean wanting ratings (r(27)=0.91, p<<.001). No significant
correlations were found between the slopes of pleasantness and
wanting touch and the questionnaire scales. Correlations among
different instruments are not reported.
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Figure 3. Decrease over repetitions in the pleasantness and wanting ratings for the two different stroking velocities in Experiment
2 (between-subjects). Significant decreases were found over time in pleasantness and wanting ratings for stroking at 3 cm/s and at 30 cm/s in the
separate groups of participants. Pleasantness and wanting decreased at a faster rate for stroking at 3 cm/s, as compared to at 30 cm/s.

doi:10.1371/journal.pone.0113425.9003
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Discussion

To our knowledge, this is the first study investigating whether
the experience of tactile stimuli “satiates”. Overall, small, but
significant, decreases in both pleasantness and wanting were found
consistently with stroking at 3 cm/s over time. However in
Experiment 1 (within-subjects, different stroking velocities), only
the ratings to 3 cm/s stroking showed any satiety, whereas in
Experiment 2 (between-subjects, same stroking velocity) some
satiety occurred for both stroking velocities. Nevertheless, even
after 50 minutes of stroking in both experiments, the sensation was
never rated as really unpleasant. This implies that pleasant touch is
rather robust against satiety, unlike gustatory stimuli. In addition,
we attempted to distinguish between two aspects of reward: the
perception of pleasantness (liking) and the wish to be touched with
the same stimulus again (wanting). The results from both
experiments demonstrate that, as for the other widely studied
sensory modalities of taste and olfaction [2], the pleasantness and
wanting of touch were inherently related, as in all analyses,
pleasantness could be predicted from wanting and vice versa.

Experiment 1 (Within subjects, different stroking
velocities)

Pleasantness (liking) and wanting ratings only decreased for
stroking at 3 cm/s, which is within the optimal range (1-10 cm/s)
for CT fibre activation [15,22]. Although statistically significant,
the decrease was small. In contrast to stroking at the C'T-optimal
velocity, ratings for the slower and faster velocities did not show
any significant decrease over repetitions. None of the velocities
applied were rated as very unpleasant, even after 40 repetitions.
Taken together, this may suggest that satiety in the domain of
touch may take much longer to occur than for other primary
rewards such as food [6,8,9,48,49], or may not occur at all.

In accordance with previous studies [15,22,38,50,51], pleasant-
ness ratings were higher for the C'T-optimal stroking velocity of
3 cm/s than for the slower velocity of 0.3 cm/s and the faster
velocity of 30 cm/s. The differences found in the pleasantness of
stroking over different velocities are thought to be underpinned by
the CT system. The firing frequency of CT afferents is highest at
stroking velocities of 1-10 cm/s, and the pleasantness ratings of
the same stimuli mirror the C'T response; whereas the myelinated
afferents, which contribute more to discriminative touch, show no
correlation with pleasantness ratings [15,22]. The decrease in
pleasantness and wanting for repetitive stroking at 3 cm/s velocity
may be linked to fatigue in CT afferents, where repetitive touch
can decrease the activity of C'Ts to subsequent touch [16,20].
Fatigue in CT afferents would produce reduced firing, which
could have led to a selective modulation in the appraisal of
pleasant touch over repetitions. The mechanism for CT fatigue at
the peripheral receptor and whether CTs fatigue more to their
optimal stimulus are unknown; however, we cannot disregard that
a decline in the pleasantness and wanting of touch from the
repetitive stroking at 3 cm/s may also reflect central changes in
touch perception. It seems that the degree of activity in myelinated
low-threshold mechanoreceptive afferents over stroking repetitions
would have negligible effects on touch satiety because these
afferents, in general, show no or minimal fatigue to repeated
stimulation [27]. Therefore, the tactile input from the myelinated
mechanoreceptive afferents over repetitions is largely unaffected,
which is consistent with the lack of touch satiety from stroking at
0.3 or 30 cm/s.

The mean pleasantness and wanting ratings varied in level with
the stroking velocity. This indicated that pleasantness and wanting
could be distinguished as different concepts; however, pleasantness
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could be significantly predicted from wanting, showing that the
two measures were highly related. This may be due to the fact that
the order of VAS ratings was not varied and that they directly
followed each other. Thus, the relationship between pleasantness
and wanting needs to be interpreted carefully, in particular since
further validation of the two measures is required to establish their
contribution in touch satiety.

It is possible that the small decrease over repetitions for the
pleasantness and wanting of touch at the CT-optimal velocity, and
the constancy in the ratings for the other two velocities occurred
because the participants randomly experienced all three velocities
in the same experiment. This can be compared to the domain of
eating, where variation in food intake delays the development of
satiety [52], as compared to when the same food is ingested, as in
sensory-specific satiety [6-9]. To determine whether the pleasant-
ness and wanting of touch decreases when the stimulus was not
varied, we conducted Experiment 2.

Experiment 2 (Between subjects, same stroking velocity)

Experiment 2 investigated whether the pleasantness of tactile
stimuli (liking) and the wish to be touched again (wanting) changed
with repeated exposure, but this time using the same tactile
stimulus over all the repetitions (i.e. one single stroking velocity for
each group of participants to induce sensory-specific satiety). Both
pleasantness and wanting decreased significantly and strongly for
the velocity of 3 cm/s, and also for the stroking velocity of 30 cm/
s. Thus, for both groups, the perceived pleasantness of a tactile
stimulus decreased with repetitions when the stroking velocity was
kept constant. However, the 30 cm/s stroking condition was still
perceived as neutral after 50 minutes of stimulation, unlike the
3 cm/s condition, which was rated as slightly less pleasant.

The more rapid decrease in tactile pleasantness and wanting
during single-velocity stroking demonstrates possible sensory-
specific satiety in touch. The taste literature has shown that satiety
can occur to food; however, with no gustatory variation, satiety
occurs faster [6-9,52], although it may depend on the specific food
itself [53]. In the domain of taste, satiety has been defined as the
physiological state that occurs during food consumption and
terminates the food intake [1]. Thus, it seems that satiety occurs
when the stimulus is experienced as aversive (i.e. physically cannot
eat more) and has the function to stop the stimulation. We may
conclude that satiety occurred for the velocity of 3 cm/s, when the
ratings became slightly unpleasant, but probably less so for the
faster velocity, given that the stimulation was still evaluated in the
positive, pleasant range. As further support, wanting (i.e. the wish
to be touched again) decreased, irrespective of the velocity of the
stroke. Nevertheless, the decrease for 3 cm/s ended up in the
negative range faster than the decrease for 30 cm/s.

In Experiment 2, both velocities showed similar mean values for
overall pleasantness and wanting. Thus, in applying the same
tactile stimulus over many repetitions, there were no differences
between the two groups. This finding contradicts the literature on
the CT-optimal velocity range [15,22,38,50,51], where 3 cm/s is
typically perceived as the most pleasant velocity. The reason for
this difference is presumably that each group was submitted to
only one velocity, which made it impossible to compare the
different stroking velocities. In the same way, stimulus intensity has
been found to affect a conditioned response when it varied within-
subjects, but not between-subjects [54]. It therefore seems that the
modulation and subsequent evaluation of perceived pleasantness is
at least partially influenced by the memory of the previous ratings
which provides an anchor relative to which the subsequent ratings
were compared [50,51].
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Considerations

The present work describes the phenomenon of touch satiety.
The question arises as to whether touch satiety is a peripheral
and/or central mechanism. In Experiments 1 and 2, the
participants were stroked for ~50 minutes, which may have led
to satiety through cognitive factors such as boredom. From the
current results, it appears that both peripheral and cognitive
mechanisms are likely to play a part in the degree of touch satiety.
The appraisals of very slow and fast touch were different from the
appraisals of the CT-optimal stroking at 3 cm/s, which indicates
that C'T-innervated skin may be more sensitive to tactile satiety,
pointing towards a peripheral mechanism. Conversely, Experi-
ment 2 showed that sensory-specific (single-velocity) stroking gave
increased satiety, which is more likely to be a central effect.

The present study used a robotic device to apply the controlled
stroking stimuli. The use of a robotic, rather than a more
ecologically valid “‘stimulator” such as a human hand, may reduce
the extent to which we can generalise our results; however, the
literature demonstrates that a robotic brush stroke is experienced
as extremely pleasant [15,22,38,50,51,55]. Furthermore, a recent
study showed that the pleasantness derived from a brush stroke
delivered by hand or by a robot was comparable [38]. In the
present study, a robotic stimulator was used to ensure that a
precise, controlled and repeatable stroke was delivered each time,
especially as different stroking velocities were used. Although more
ecologically valid, the use of human touch could have influenced
pleasantness in an unpredictable way (i.e., the hands could have
changed in temperature and moisture over time, or the participant
could have liked or disliked the experimenter). Overall, we found
that touch satiety did occur to some extent with the robotic
stimulator, after some time. If human touch is even more pleasant
than robotically-delivered touch, satiety may take even longer to
occur. However, we predict that central mechanisms (e.g. the
relationship between the touched and the person doing the
touching) would play a critical role during inter-personal touch
and its satiation.

Both experiments showed that pleasant touch leads to tactile
satiety after repeated exposure, but this took some time. During
social interactions, the repeated exposure to gentle, stroking touch
such as a human caress may lose its beneficial value over
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