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Abstract 40 
Touch is perceived most pleasant when delivered at velocities known to optimally activate the C-Tactile 41 
afferent system. At the group level, pleasantness ratings of touch delivered at velocities in the range 42 
between 0.3 and 30 cm/s follows an inverted-U shape curve, with maximum pleasantness between 1 43 
and 10 cm/s. However, the prevalence, reliability, and stability of this function at the individual level 44 
and across skin types based on hair density remains unknown. Here, we tested a range of seven 45 
velocities (0.3, 1, 3, 6, 9, 18, 27 cm/s) delivered with a soft brush, on both hairy (forearm and dorsal 46 
hand) and non-hairy skin (palm) in 123 participants. Our results suggest that the relationship between 47 
pleasantness and velocity of touch is significantly best described by a negative quadratic model at the 48 
individual level in the majority of participants both on hairy (67.1%) and non-hairy (62.6%) skin, a 49 
larger extent than previously reported. Higher interoceptive accuracy and self-reported depression were 50 
related to a better fit of the quadratic model and to the steepness of the curve, respectively. The 51 
prevalence of the quadratic model at the individual level was stable across body sites (62.6%, 52 
Experiment 1), across two experimental sessions (73-78%, Experiment 2), and regardless of the number 53 
of repetitions of each velocity (Experiment 3). Thus, the individual perception of tactile pleasantness 54 
follows a characteristic velocity-dependent function across skin types and shows trait characteristics. 55 
Future studies can investigate further the possibility to use affective touch as a behavioural biomarker 56 
for mental health disorders.  57 
 58 

New & Noteworthy 59 

Touch is perceived as most pleasant when delivered at slow, caress-like velocities, known to activate 60 
C-Tactile afferents. At the group level, tactile pleasantness and velocity of touch show a reliable pattern 61 
of relationship on hairy skin. Here, we found that the perception of tactile pleasantness follows a 62 
consistent pattern also at the individual level, across skin types and testing sessions. However, 63 
individual differences in interoceptive abilities and self-reported depression do play a role.  64 
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Introduction 65 
Research on the sense of touch has identified two distinct modalities; a discriminative and an affective 66 
one (see (1), for a review). The sensory-discriminative dimension supports the detection and 67 
identification of external stimuli, providing information about physical characteristics and spatial 68 
location. In contrast, the motivational-affective dimension is involved in the valence and motivational 69 
nature of the stimuli, such as hedonic and emotional relevance (2) (3) (4) (5). The affective dimension 70 
of touch can be investigated by means of a low-pressure, slow, caress-like tactile stimulation delivered 71 
at velocities between 1 and 10 cm/s (5). This type of touch is perceived as generally more pleasant 72 
compared to slower or faster velocities according to subjective ratings. Studies using microneurography, 73 
a neurophysiological method allowing the recording of the activity of single peripheral nerves in the 74 
skin (6), showed an activation of C-Tactile (CT) afferents when touch presents the aforementioned 75 
characteristics (7). 76 
Over the last few decades, research has supported the hypothesis that CT afferents constitute a distinct 77 
system, both from the anatomical and functional point of view, which may contribute to responses to 78 
slow, caress-like types of touch and provide pleasant sensations (7) (2) (5). These fibers are mainly 79 
present in the hairy skin of the body (7) (8), and when these fibers are activated, individuals report a 80 
pleasant percept. Löken and colleagues showed that there was a linear correlation between the activation 81 
of CT fibers and the subjective report of pleasantness (5). At the group level, the averaged pleasantness 82 
ratings of touch delivered at velocities in the range between 0.3 and 30 cm/s follow an inverted-U shape 83 
curve, with maximum pleasantness between 1 and 10 cm/s (5). This pattern of relationship between 84 
velocity of touch and tactile pleasantness has been replicated at the group level across several studies 85 
(see (9) for a recent meta-analysis). However, perception occurs in individuals, not groups, and we do 86 
not know how prevalent the inverted-U shape curve is and if it observable in most people as the 87 
prevailing CT-hypothesis would predict. One concern is that non-linear effects found at the group level 88 
could be driven by a minority of participants or effects that are so small as being psychologically 89 
“meaningless” for individuals (i.e., only an aggregated group-level effect).  90 
To the best of our knowledge, only one recent study has investigated the fitting of the inverted U-shape 91 
curve at the individual level on hairy skin (10). Croy et al. (2021) pooled data from 5 separate studies 92 
and showed that surprisingly only 42% of participants presented the typical inverted U-shape curve, 93 
while 44% were better described by a linear model, and the remaining participants showed no 94 
significant effect of the velocity of touch on pleasantness ratings. Moreover, from the study of Croy and 95 
colleagues we do not know if the shape of the inverted U-function varies across different skin types 96 
with different CT innervation within individuals. It has recently been observed that CT afferents are 97 
seven times more numerous on hairy (forearm) compared to non-hairy skin (i.e., palm, (8)), although 98 
these results are preliminary and need to be replicated. According to a central prediction of the CT-99 
hypothesis, this difference in CTs density should be reflected in more prevalent inverted-U shape 100 
pleasantness curves on hairy skin, but this important question has not been examined at the individual 101 
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level. Noteworthy, a recent meta-analysis at the group level found no significant differences between 102 
hairy and non-hairy skin in the perception of tactile pleasantness (9), although the inverted-U shape was 103 
not analyzed at the individual subject level. Nevertheless, such evidence questions the traditional 104 
distinction between hairy and non-hairy skin in the perception of affective touch and what is known so 105 
far of the role that the CT system plays in mediating gentle touch, whereby the palm of the hand has 106 
classically been used as a control body site to compare against the forearm. Thus, we believe that now 107 
more than ever there is the need of more studies that systematically investigate the differences in tactile 108 
pleasantness across hairy and non-hairy skin sites. Accordingly, here we aimed to investigate the 109 
relationship between velocity of touch and pleasantness scores at the individual level, characterizing 110 
individual differences and prevalence of inverted U-shape functions across hairy and non-hairy skin as 111 
well as testing the stability and reliability of such individual pleasure-velocity functions across sessions 112 
and trials repetitions.  113 
Importantly, the specialized peripheral and central neurophysiological systems underpinning the 114 
perception of affective touch (including the CT-system) seem to take a different pathway than the 115 
discriminative, more emotionally neutral touch from the peripheral nerves of the skin to the posterior 116 
insular cortex ((2), but see (11)). A recent study has suggested that spinothalamic projections might 117 
play only a partial role in the hedonic processing of touch mediated by C-Tactile afferents, thus 118 
proposing a more integrated view of tactile pleasantness (12).  119 
However, several functional imaging studies in humans have shown that the posterior insular cortex is 120 
activated in response to CT fibers stimulation (2) (13) (14), an area strongly interconnected with regions 121 
related to emotional processing such as the amygdala, hypothalamus, and orbital frontal cortex ((15) 122 
(16), for reviews). Nevertheless, activations in the insula have also been observed in response to more 123 
emotionally neutral tactile stimulation (14), and activity in the right posterior superior temporal sulcus 124 
(pSTS) has been specifically linked to perceived tactile pleasantness in response to gentle skin stroking, 125 
but not to discriminative touch (i.e., vibration, (17)). In light of these neurophysiological observations 126 
as well as the role played in emotional processing (16), affective touch has been reconceptualized as an 127 
interoceptive modality providing information about the internal states of the body related to homeostatic 128 
functions (18) (19) (20) (21). 129 
In parallel with the growing understanding of the functions, pathways, and characteristics of the 130 
affective touch system, there has also been increasing interest in better understanding the implications 131 
of dysfunction in such a system. In particular, a few studies have investigated the perception of affective 132 
touch in clinical populations, showing significant disruptions in the perception of affective touch in 133 
anorexia nervosa (22), autism (23) (24), right-hemisphere stroke (25), and chronic pain (26), among 134 
others. Overall, these studies have suggested the existence of a link between mental health and social 135 
touch perception (27). Given these conceptualizations, it is important to understand whether the 136 
perception of affective touch could be used as a behavioral biomarker for the early identification of 137 
people at risk of developing a mental health disorder. For this approach to work, it is essential to clarify 138 
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the reliability and stability of the affective touch modeling results at the individual level in healthy 139 
samples.  140 
The subjective perception of affective touch is the result of a combination of peripheral activation of 141 
skin receptors and central processing of such stimulation. Furthermore, personality and psychological 142 
traits can also play a role in the way we perceive touch. Although touch is mediated by the skin, its 143 
perception is the result of a combination of bottom-up signals (i.e., afferent signals resulting from the 144 
activation of the nerve fibers in the skin) and top-down factors, such as previous experiences, the 145 
context, the identity and gender of the toucher (28), as well as reward processing (e.g., (29)). 146 
Accordingly, an additional aim of this study was to investigate the relationship between individual traits 147 
and characteristics (i.e., depression, anxiety, eating disorders symptomatology) and individual 148 
differences in the perception of tactile pleasantness. In line with the idea of affective touch as an 149 
interoceptive modality (18), we also aimed to investigate whether cardiac interoceptive accuracy, 150 
measured by means of a classic heartbeat-counting task (30), would predict the pattern of the 151 
relationship between velocity of touch and tactile pleasantness (see (21) for a similar approach). 152 
Here, across three experiments, we aimed to assess 1) whether and to what extent the classic negative 153 
quadratic model (i.e., inverted U shape) outperformed a linear model to describe the relationship 154 
between velocity and pleasantness of touch at the individual level; 2) which individual difference factors 155 
can predict the significance and prevalence of the negative quadratic model (i.e., how common or 156 
prevalent the negative quadratic model is); 3) whether the relationship between velocity and 157 
pleasantness varies across hairy vs. non-hairy skin within individuals; and 4) whether the individual 158 
variability in the perception of tactile pleasantness is temporally stable, both when tested across two 159 
identical experimental sessions one week apart and when tested with an increasing number of repetitions 160 
at each velocity. We separately describe the specific procedures for each experiment below. 161 
 162 

 163 

EXPERIMENT 1 164 
The first aim of Experiment 1 was to test whether the impact of stroking velocity on subjective 165 
pleasantness could be better described by a quadratic or a linear regression. (10) recently showed that 166 
the typical inverted U-shape curve described the relationship between the velocity of touch and 167 
pleasantness in only 42% of participants. However, these results were obtained by pooling data from 5 168 
separate studies that included a total of 127 participants tested by different experimenters and under 169 
different conditions. Indeed, Croy and colleagues (2021) reported a consistent effect of the experimental 170 
setting on tactile pleasantness. Here, we aimed to investigate whether the classic negative quadratic 171 
model outperformed a linear model in describing the relationship between velocity and pleasantness at 172 
the individual level with a set of participants tested under the same conditions and by the same 173 
experimenter. We hypothesized that the majority of individual participants should display a better fit 174 
with negative quadratic model in line with the CT-hypothesis.  175 
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Furthermore, several factors are known to influence the shape of the group-level curve. Thus, the second 176 
aim of Experiment 1 was to test whether these individual characteristics can also modulate pleasantness 177 
ratings at the individual level. We collected data regarding several individual characteristics that could 178 
potentially influence the perceived pleasantness of touch based on previous studies. We included the 179 
Eating Disorder Examination Questionnaire (EDE-Q) to target potential body dissatisfaction and weight 180 
restraint behaviors (see (22) (31)); self-reported measures of depression and anxiety to target potential 181 
links with anhedonia and affective disorders symptomatology (27) (32) (33) and cardiac interoceptive 182 
accuracy, measured by means of the classic heartbeat-counting task (29), to target interoceptive abilities 183 
quantified via a non-tactile modality. In keeping with the aforementioned literature, participants with 184 
higher scores on the EDE-Q, depression, and anxiety scales were expected to give lower pleasantness 185 
ratings overall and to have difficulties differentiating tactile pleasantness levels based on stroking 186 
velocities. In other words, we predicted that higher EDE-Q, depression, and anxiety scores would lead 187 
to “flatter curves”, i.e., the participants would give lower pleasantness ratings and would rate stroking 188 
at different velocities as being more similar. Moreover, because of this expected loss of influence of 189 
stroking velocity on pleasantness ratings, the quadratic model should be less relevant in participants 190 
with higher scores on these individual characteristics with respect to a random pattern of answers. In 191 
contrast, a higher cardiac interoceptive accuracy should be related to an increased perception of 192 
pleasantness of CT-optimal velocities (see also (21)). Finally, we explored whether the same individual 193 
characteristics could predict not only how well participant’s answers would be described by a quadratic 194 
model but also how well the estimated coefficients of this quadratic model fit. 195 
The third aim of Experiment 1 was to assess the hypothesized differences in velocity-pleasantness 196 
functions across hairy and non-hairy body sites (forearm/hairy skin vs. palm/non-hairy skin) based on 197 
the well-known differences in CT afferents density and related tactile pleasantness perception between 198 
these two skin types (e.g., (7) (33) (8)). The CT-hypothesis predicts a more pronounced inverted U-199 
shape pleasantness-velocity function on hairy skin and that a higher proportion of participants should 200 
express this function on hairy skin. To this end, we compared the observed and predicted likelihood for 201 
each participant to best fit negative quadratic model or the linear model for both body sites.  202 
 203 
Methods and Materials 204 
Participants 205 
A total of 107 healthy, naïve participants (53 females and 54 males, mean age 26.2 ± 5 years) were 206 
recruited for Experiment 1 using social media and advertising on the Karolinksa Institutet campus. An 207 
a priori power analysis based on previous studies in the field of affective touch (e.g., (10)) suggested 208 
that the present sample provided enough power to detect our effects of interest. The inclusion criteria 209 
included being 18-40 years old and being right-handed. The exclusion criteria included having a history 210 
of any psychiatric or neurological conditions, taking any medications, having sensory or health 211 
conditions that might result in a skin condition (e.g., psoriasis), and having any scars or tattoos on their 212 
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left forearm or hand. The study was approved by the Swedish Ethical Review Authority. All participants 213 
provided signed written consent, and they received a cinema ticket as compensation for their time. The 214 
study was conducted in accordance with the provisions of the Declaration of Helsinki 1975, as revised 215 
in 2008. Part of the data obtained in Experiment 1 was analyzed using a different statistical method for 216 
different purposes and has been published as part of another manuscript (34). 217 
 218 
Self-reported measures 219 
Participants were asked to provide demographic information, such as age and handedness. Next, the 220 
participants were asked to complete the following self-report questionnaires: the Eating Disorders 221 
Examination Questionnaire (EDE-Q 6.0), a 28-item questionnaire measuring eating disorders 222 
symptomatology that has good consistency and reliability (global score α = .90; (35) (36) (37)), and the 223 
Depression, Anxiety and Stress Scale–21 Item (DASS), a 21-item, three-scale self-reported measure of 224 
depression, anxiety and stress that has an α >.88 (38) (39). 225 
 226 
Cardiac interoceptive accuracy: heartbeat counting task (HCT) 227 
Participants were asked to silently count their heartbeats between two verbally given signals of ‘go’ and 228 
‘stop’ without manually taking their pulse. Both hands were placed on the table to ensure that no body 229 
part was touched. Participants completed a practice trial of 15 seconds before proceeding to the three 230 
experimental trials lasting 25 s, 45 s and 65 s, which were presented in a randomized order. The task is 231 
fully described in Supplementary Materials. 232 
 233 
Affective touch task 234 
This task takes advantage of the discovery that affective, hedonic touch on the skin can be reliably 235 
elicited by soft, light stroking at specific velocities within the range of 1-10 cm/s that activate a 236 
specialized peripheral system of CT afferents (5) (3). Before starting the task, the male experimenter 237 
identified two adjacent areas measuring 9x4 cm on the left forearm and two on the left palm with a 238 
washable marker (see Procedure for more details). Then, participants were familiarized with the rating 239 
scale ranging from 0, not at all pleasant, to 100, extremely pleasant. The touch was delivered using a 240 
soft brush (i.e., precision cheek brush No 032, Åhléns, Sweden) on the left forearm (hairy skin that 241 
contains CT afferents) and left palm (non-hairy skin, where only limited CT afferents activity has been 242 
reported (8), and the task of the participants was always to verbally rate the pleasantness of the touch 243 
using the rating scale. Participants were asked to wear a blindfold so that they could better focus on the 244 
tactile experience. The touch was delivered at seven velocities (0.3, 1, 3, 6, 9, 18 and 27 cm/s). The two 245 
slow velocities of 3 and 6 cm/s are typically perceived as more pleasant (i.e., CT optimal velocities) 246 
than the borderline optimal velocities (1 and 9 cm/s) and the CT non-optimal speeds (0.3, 18 and 27 247 
cm/s; (5)). In keeping with previous studies (e.g., (10)), each velocity was presented three times, for a 248 
total of 21 stroking trials per location (palm and forearm). The order of velocities as well as the order 249 
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of the location blocks (block palm/block forearm) were randomized. Post-hoc analysis reveals no 250 
significant location block order effect (see section 2.6 in Supplementary Materials). 251 
 252 
Experimental Procedure 253 
Participants were welcomed in the experimental room, and they were asked to sit at a table opposite the 254 
experimenter. Upon arrival, they were asked to sign the consent form and to complete the questionnaires 255 
presented in an online format: demographic questionnaire, EDE-Q and DASS. The questionnaires were 256 
always presented at the beginning of the experimental procedure to ensure that participants were given 257 
some time to rest before completing the heartbeat counting task, which was the first interoceptive task 258 
that all participants completed. Given that previous studies showed that the heartbeat counting task 259 
might be influenced by other activities (40) (41), we decided to keep it as the first task. Participants 260 
were given the choice to keep their eyes closed or open, allowing them to feel more comfortable and be 261 
as accurate as possible (as in (21)). Next, participants were asked to wear a disposable blindfold to 262 
complete the affective touch task. Participants were familiarized with the pleasantness rating scale, and 263 
the experimenter identified and marked with a washable marker two identical areas of 9x4 cm on the 264 
left forearm and palm, as in previous studies (42) (22) (21). This was done to control for the stimulated 265 
area and for the pressure applied during the touch by checking that the tactile stimulation was only 266 
applied inside the marked areas (more pressure would result in a wider spreading of the brush, that is, 267 
the tactile stimulation would be applied outside of the marked borders). Alternating the stimulated areas 268 
prevented fatigue of the CT fibers (43). 269 
 270 
Design and plan of analysis 271 
To test our first aim (i.e., whether the impact of stroking velocity on tactile pleasantness was better 272 
described by a negative quadratic or a linear regression), the data acquired from the different body sites 273 
were considered separately. Please note that in the rest of the manuscript, we talk about quadratic model 274 
for simplicity, but we have always considered a negative quadratic function. For each participant, both 275 
types of regressions were performed on the mean ratings for each stroking velocity (velocities are 276 
considered as a categorical factor as custom is affective touch literature, (5)); the fitting procedures 277 
were performed in R. We first considered how many participants showed a significant main effect of 278 
velocity on the pleasantness ratings (ANOVA). Those who did not, were categorized as having a 279 
‘random’ profile (i.e., not significantly described by either a quadratic or linear regression). The 280 
remaining participants were categorized either as having a ‘quadratic’ or ‘linear’ profile. To do so, we 281 
fitted two models: one linear: pleasantness ~ velocity, and one quadratic: pleasantness ~ velocity + 282 
velocity2. This categorization was straightforward when only the quadratic fit or the linear fit were 283 
significant. When both fits were significant, a likelihood-ratio test (LRT) was performed: this LRT 284 
compares the goodness-of-fit of our two models (quadratic versus linear) while considering the lesser 285 
parsimony of the quadratic model, i.e., the quadratic model includes one more parameter than the linear 286 



Running head: Modeling affective touch 
 

9 
 

model and thus has an inherent advantage. A significant LRT (p < 0.05) meant the participants’ profile 287 
would be categorized as ‘quadratic’, otherwise the participant’s profile would be categorized as ‘linear’. 288 
We further quantified the goodness-of-fit of the models using the root mean square error (RMSE). A 289 
lower RMSE indicated a better fit. 290 
 291 

𝑅𝑀𝑆𝐸 =	'(
(𝑅𝑎𝑡𝑖𝑛𝑔!"#$%&$' − 𝑅𝑎𝑡𝑖𝑛𝑔(%$')*+$'),

𝑛-./"$%	!1	'2+2	(!)-+#
 292 

 293 
Moreover, to compare the relative relevance of each model at the individual level for our whole 294 

sample, we performed a confidence interval analysis (CI analysis) on the residual standard deviation 295 
(RSD). Simply put, in addition to knowing which model fits best, we wanted to know how much better 296 
one model was compared to the other for each participant and whether this difference in performance 297 
between the two models was meaningful at the group level. The RSD reflects how much the observed 298 
data spread around the regression curve and takes into account the degree of freedom of each model. 299 
The smaller the residual standard deviation was, the better the fit and the more predictive the model 300 
was. 301 

𝑅𝑆𝐷 =	'(
(𝑅𝑎𝑡𝑖𝑛𝑔!"#$%&$' − 𝑅𝑎𝑡𝑖𝑛𝑔(%$')*+$'),

𝑛-./"$%	!1	'2+2	(!)-+# − 𝑘-./"$%	!1	1%$$	(2%2/$+$%#
 302 

 303 
To compare the two models, the difference in RSD between the quadratic and linear models 304 

was calculated and summed across participants. We estimated a confidence interval using 305 
bootstrapping: 107 random RSD differences (quadratic – linear) were drawn with replacement from the 306 
actual participant’s RSD differences and summed; this procedure was repeated 10000 times to compute 307 
the 95% CI. Negative CI bounds would provide evidence of an overall better quadratic fit compared to 308 
a linear fit (see also Figure S1 in Supplementary Materials). 309 
To address the second aim (i.e., to test whether individual characteristics influenced the pleasantness 310 
ratings at the individual level), we tested two correlation hypotheses: first, whether the quadratic RMSE 311 
increased with higher EDE-Q, depression, and anxiety scores, i.e., we expected a worst fit by the 312 
quadratic model. Second, whether the difference in RSD between the quadratic and the linear model 313 
(RSDd) would also increase, i.e., we assessed whether the relative relevance of the quadratic model 314 
compared to the linear model was reduced. Inverse correlations were expected with cardiac 315 
interoceptive accuracy: the lower the cardiac interoceptive accuracy was, the flatter the curve. 316 
Furthermore, we tested the hypothesis that the same individual characteristics could predict not only 317 
how well participants’ answers would be described by a quadratic model but also the coefficients of 318 
this quadratic fit. Indeed, as mentioned above, the participants with higher EDE-Q, depression, and 319 
anxiety scores were expected to show “flatter curves”, i.e., to give lower pleasantness ratings and to 320 
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rate the different stroking velocities as similarly pleasant. For the participants with a significant 321 
quadratic fit, the quadratic term coefficient (A2) reflects how different the pleasantness ratings are from 322 
one velocity to the other, i.e., the curvature of the curve. The intercept coefficient (A0) reflects the 323 
overall pleasantness (see Supplementary Materials and Figure S2 for more details about the influence 324 
of each coefficient of the quadratic model on the collected pleasantness ratings). Based on our 325 
hypothesis, for participants with higher EDE-Q, depression, and anxiety scores, A2 should get closer to 326 
0 and A0 should decrease. We tested these hypotheses by means of one-sided Spearman correlation 327 
tests on our whole population to investigate the relationship between the individual characteristics and 328 
the quadratic model RMSE and RSDd values. Then, in the subpopulation for which the quadratic fit 329 
was significant, we used one-sided Spearman correlation tests between the individual characteristics 330 
and the A2 (quadratic term) and A0 (intercept) coefficients. 331 
The third and last aim of Experiment 1 was to assess the stability of the relationship between 332 
pleasantness ratings and stroking velocity across body sites (forearm versus palm). We compared the 333 
observed and predicted likelihood for a participant to be in the same profile category for both body 334 
sites. The predicted likelihood was calculated as the square of the probability of having a given profile 335 
for stroking on the forearm. The observed likelihood was calculated as the product of the probability of 336 
having a given profile for stroking on the forearm multiplied by the probability of participants with this 337 
given profile also having this profile for stroking on the palm. This analysis is similar to the one used 338 
by (44) to assess the stability of pleasantness ratings across repetitions on two different days. Finally, 339 
the participants who showed the ‘quadratic’ profile in both body sites could still display very different 340 
patterns of response (e.g., steep versus flat curves, different maximum and minimum). Thus, we 341 
investigated how correlated the coefficients of the quadratic model, A2, A1, and A0 were between the 342 
forearm and the palm stroking sites. 343 
 344 
Results 345 
Demographic and self-reported data 346 
The mean scores and standard deviations for the EDE-Q and DASS are reported in Table S1. No effect 347 
of gender on any of these measures was found, except for the EDE-Q scores. See also Figure S3 in 348 
Supplementary Materials for the data distribution of the self-reported scores. Chi-squared tests of 349 
independence on the profile repartition did not reveal any significant difference between female and 350 
male participants for forearm (p = 0.362) nor for palm (p = 0.328); hence, gender was not included as 351 
a factor in the analyses.  352 
 353 
Pleasantness for different stroking velocities on the forearm (hairy skin) 354 

a. Categorization into ‘quadratic’, ‘linear’, or ‘random’ profiles 355 
At the group level, we observed the classic inverted U-shaped curve. These results replicating 356 

the classically observed group-level results for tactile pleasantness ratings (see Figures 1 and S4).  357 
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 358 

 359 
Figure 1: Group level pleasantness ratings in response to strokes applied to the forearm at different 360 
velocities. At the group level, we observe the classic inverted U-shaped curve (F(2, 4) = 26.93, p < 0.005; 361 
I(Velocity^2): t = -7.078, p = 0.00210 **). (A) The plotted colorful shapes reflect the probability densities of the 362 
corresponding ratings among the participants. The lower and upper hinges of each box inside the shapes 363 
correspond to the first and third quartiles, respectively, with the thick horizontal lines representing the medians. 364 
The upper and lower whiskers extending from the boxes indicate the range of maximum to minimum values. (B) 365 
Quadratic (red) and linear (yellow) fits of the data (blue dots). 366 

 367 
 368 
 369 
At the individual level, 25 participants (23.4%) did not show a significant effect of velocity on 370 

perceived pleasantness and were thus categorized as ‘random’. Out of the 82 remaining participants, 72 371 
(67.1%) showed a ‘quadratic’ profile, and 10 (9.3%) showed a ‘linear’ profile (Figure 2). The raw sum 372 
for the RSD differences between the quadratic and linear models was -620, and the 95% CI analysis 373 
confirmed that the quadratic regression outperformed the linear regression (lower bound: -727; upper 374 
bound: -516). Overall, our results showed that despite individual differences, the influence of stroking 375 
velocity on pleasantness ratings was better described by a quadratic regression than by a linear 376 
regression at the individual level as it was at the group level. 377 
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 379 
 380 

Figure 2: Individual pleasantness ratings in response to strokes applied to the forearm at different velocities 381 
(Experiment 1). The figure displays the individual pleasantness ratings at each stroking velocity (blue dots) and 382 
the linear and quadratic fit results (curves). A thick red curve indicates that the participant has a ’quadratic’ profile 383 
(i.e., significant quadratic fit and p values (LRT) < .05). A thick yellow curve indicates that the participant has a 384 
‘linear’ profile (i.e., significant linear fit and p values (LRT) > .05). The absence of a bold curve (neither red nor 385 
yellow) indicates that the participant has a ‘random’ profile. 386 
 387 
 388 

 389 
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b. Sub-threshold psychopathology scales and cardiac interoceptive accuracy 390 
First, we investigated whether the individual characteristics we collected could predict how well the 391 
quadratic model would predict the pleasantness ratings reported by the participants. We observed a 392 
small but significant negative correlation between the cardiac interoceptive accuracy score and the 393 
RMSE. For the whole population, the better the cardiac interoceptive accuracy was, the better the fit of 394 
the quadratic model (Table 2). 395 
Table 2: Correlation results for the stroking delivered to the forearm. 396 

Variable of interest Spearman correlation S P Rho CI [95%] 

RMSE 

EDE-Q 39856 0.37 0.04 -0.20 0.28 
Depression 210404 0.62 -0.03 -0.25 0.17 
Anxiety 202394 0.46 0.01 -0.16 0.20 
Cardiac interoceptive 
accuracy 236066 0.04 -0.16 -0.32 -0.04 

Stress 226436 0.26 -0.11 -0.31 0.09 

RSDd 

EDE-Q 39190 0.68 0.06 -0.19 0.32 
Depression 192923 0.71 0.06 -0.15 0.26 
Anxiety 205676 0.47 -0.01 -0.20 0.18 
Cardiac interoceptive 
accuracy 212430 0.66 -0.04 -0.22 0.16 

Stress 221298 0.39 -0.08 -0.26 0.09 
 397 
We then focused on the participants with a ‘quadratic’ profile. We investigated whether the individual 398 
characteristics correlated with the shape of the estimated curve, and more precisely, the A2 and A0 399 
coefficients. We found that higher depression scores indicated a flatter curve: higher depression scores 400 
were associated with A2 coefficients closer to 0 (Table 3). 401 
 402 
Table 3: Correlation results for the stroking delivered to the forearm for the participants with a ‘quadratic’ profile 403 
(N = 72). 404 

Variable of interest Spearman correlation S P Rho CI [95%] 

A2 

EDE-Q 8206 0.27 0.10 -0.25 0.43 
Depression 49024 0.04 0.21 0.06 0.42 
Anxiety 60932 0.43 0.02 -0.20 0.26 
Cardiac interoceptive 
accuracy 53088 0.89 0.15 -0.09 0.36 

Stress 55333 0.36 0.11 -0.12 0.33 

A0 

EDE-Q 7406 0.87 0.19 -0.23 0.52 
Depression 55841 0.80 0.10 -0.14 0.33 
Anxiety 54604 0.85 0.12 -0.13 0.33 
Cardiac interoceptive 
accuracy 52114 0.09 0.16 -0.09 0.38 

Stress 56540 0.45 0.09 -0.17 0.32 
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Pleasantness for different stroking velocities on the palm (non-hairy skin) 405 
a. Categorization into ‘quadratic’, ‘linear’, or ‘random’ profiles 406 

At the group level, we observed the classic inverted U-shaped curve (see Figures 3 and S5).  407 

 408 
Figure 3: Group level pleasantness ratings in response to strokes applied to the palm at different velocities. 409 
At the group level, we observe the classic inverted U-shaped curve (F(2, 4) = 29.25, p < 0.005, I(Velocity^2): t = 410 
-7.627, p = 0.00159 **). (A) The plotted colorful shapes reflect the probability densities of the corresponding 411 
ratings among the participants. The lower and upper hinges of each box inside the shapes correspond to the first 412 
and third quartiles, respectively, with the thick horizontal lines representing the medians. The upper and lower 413 
whiskers extending from the boxes indicate the range of maximum to minimum values. (B) Quadratic (red) and 414 
linear (yellow) fits of the data (purple dots). 415 

 416 
 417 
At the individual level, 28 participants (26.2%) did not show a significant effect of velocity on 418 

perceived pleasantness and were thus categorized as ‘random’. Out of the 79 remaining participants, 67 419 
(62.6%) showed a ‘quadratic’ profile, and 11 (10.3%) showed a ‘linear’ profile (Figure 4). The raw sum 420 
for the RSD differences between the quadratic and linear models was -548, and the CI analysis 421 
confirmed that the quadratic regression outperformed the linear regression (lower bound: -642; upper 422 
bound: -457). Overall, our results showed once again that despite individual differences, the influence 423 
of stroking velocity on pleasantness ratings was better described by a quadratic regression than by a 424 
linear regression at the individual level as it was at the group level. 425 

 426 
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 428 
 429 

Figure 4: Quadratic and linear fit of individual pleasantness ratings in response to strokes applied to the 430 
palm at different velocities (Experiment 1). The figure displays the individual pleasantness ratings at each 431 
stroking velocity (purple dots) and the linear and quadratic fit results (curves). A thick red curve indicates that the 432 
participant has a ’quadratic’ profile (i.e., significant quadratic fit and p values(LRT) < .05). A thick yellow curve 433 
indicates that the participant has a ‘linear’ profile (i.e., significant linear fit and p values(LRT) > .05). The absence 434 
of a bold curve (neither red nor yellow) indicates that the participant has a ‘random’ profile.  435 

 436 
 437 

b. Sub-threshold psychopathology scales and cardiac interoceptive accuracy 438 
The following correlation analyses are the same as those reported before: we investigated whether the 439 
individual indices we collected could predict the shape of the pleasantness ratings reported by the 440 
participants, but this time for stimulation delivered to the palm. For the whole population, no significant 441 
correlation was observed. Only trends were identified between interoceptive accuracy and RMSE 442 
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(Table 4), while this correlation was significant for the data collected after stroking the forearm (Table 443 
2). 444 
 445 
Table 4: Correlation results for the stroking delivered to the palm. 446 

Variable of interest Spearman correlation S P Rho CI [95%] 

RMSE 

EDE-Q 36972 0.19 0.11 -0.13 0.36 
Depression 204788 0.51 0.00 -0.21 0.17 
Anxiety 184781 0.17 0.09 -0.12 0.27 
Cardiac interoceptive 
accuracy 234346 0.06 -0.15 -0.30 0.09 

Stress 196670 0.71 0.04 -0.15 0.21 

RSDd 

EDE-Q 45320 0.25 -0.09 -0.35 0.18 
Depression 177493 0.91 0.13 -0.08 0.33 
Anxiety 191446 0.74 0.06 -0.14 0.26 
Cardiac interoceptive 
accuracy 205820 0.53 -0.01 -0.21 0.18 

Stress 207402 0.87 -0.02 -0.21 0.19 
 447 
 448 
 449 
We then performed the same analyses we performed for the forearm ratings, focusing only on the 450 
participants with a ‘quadratic’ profile and the A2/A0 coefficients. No significant correlations were 451 
observed (Table 5). 452 

 453 
Table 5: Correlation results for the stroking delivered to the forearm for the participants with a ‘quadratic’ profile 454 
(N = 67). 455 

Variable of interest Spearman correlation S P Rho CI [95%] 

A2 

EDE-Q 6298 0.42 0.04 -0.29 0.38 
Depression 47420 0.33 0.05 -0.18 0.29 
Anxiety 51208 0.57 -0.02 -0.27 0.23 
Cardiac interoceptive 
accuracy 44645 0.81 0.11 -0.13 0.34 

Stress 56032 0.34 -0.12 -0.34 0.10 

A) 

EDE-Q 6983 0.35 -0.07 -0.45 0.30 
Depression 54582 0.24 -0.09 -0.32 0.14 

Anxiety 49388 0.55 0.01 -0.22 0.29 
Cardiac interoceptive 
accuracy 56072 0.83 -0.12 -0.35 0.13 

Stress 56762 0.28 -0.13 -0.35 0.13 
 456 
 457 
 458 
 459 
Stability of pleasantness ratings across body sites 460 
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a. Repartition in profiles 461 
Sixty-seven (62.6%) participants displayed the same profile for forearm and palm stroking. This result 462 
is above chance level (33%). The detailed repartition of the participants is shown in Table 6. 463 
Furthermore, the observed likelihood for each profile exceeded the predicted likelihood (Table 7). 464 
Again, this result suggested that the identified profiles were stable across body sites. 465 
 466 
Table 6: Repartition of the participants into profiles for both body sites. 467 
 468 

Palm profiles 
Quadratic Linear Random Total 

Forearm profiles 

Quadratic 53 4 15 72 
Linear 3 4 3 10 
Random 11 4 10 25 
Total 67 12 28 107 

 469 
 470 
Table 7: Predicted and observed likelihoods for each profile to be identical at both body sites. 471 
 472 

Predicted 
likelihood 

Observed 
likelihood Difference Interpretation 

Quadratic 0.453 0.495 0.043 The observed likelihood is always higher 
than the predicted one. This is an 
argument in favor of stability. 

Linear 0.009 0.037 0.029 
Random 0.055 0.093 0.039 

 473 
 474 

b. Stability of the model’s coefficients for participants with a ‘quadratic’ profile 475 
This section examines the correlations between the model coefficients A2 (quadratic term), A1 (linear 476 
term), and A0 (intercept) for the different body sites for the participants who had a ‘quadratic’ profile 477 
at both the forearm and the palm. Each coefficient was significantly correlated with its homolog from 478 
the other body site (A2: S = 8571, p < .001, rho = 0.65; A1: S = 8604, p < .001, rho = 0.65; A0: S = 479 
4970, p < .001, rho = 0.80; see Figure S6 in Supplementary Materials). These strong observed 480 
correlations argue in favor of a stability in pleasantness judgment across body sites. Too few participants 481 
(four) showed a stable “linear” profile for a similar analysis in this subpopulation to be meaningful. 482 
 483 
 484 
EXPERIMENT 2 485 
The focus of Experiment 2 was to test the stability of the perceived pleasantness across two 486 
experimental sessions performed a week apart. We compared the observed and predicted likelihood for 487 
a participant to be in the same profile category in both sessions. The predicted likelihood was calculated 488 
as the square of the probability of having a given profile in session 1. The observed likelihood was 489 
calculated as the product of the probability of having a given profile in session 1 multiplied by the 490 
probability of participants with this given profile also having this profile in session 2. This analysis is 491 
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similar to the one used in Experiment 1 to assess the stability across body sites and by Bendas et al. 492 
(2021) to assess the stability of pleasantness ratings across repetitions on two different days. Again, the 493 
participants who had a ‘quadratic’ profile in both sessions could still display very different patterns of 494 
response (e.g., steep versus flat curves, different maximum and minimum). Thus, we investigated the 495 
correlation between the coefficients of the quadratic model, A2, A1, and A0, from one session to the 496 
other. 497 

 498 
Method 499 
Participants and procedure 500 

Forty-one participants from Experiment 1 took part in this follow-up (20 females and 21 males; 25.1 ± 501 
4 years). These participants underwent the same exact procedure as in Experiment 1 twice in total, with 502 
the two sessions being one week apart. This group was also tested at another hairy-skin body site, i.e., 503 
the back of their hand (dorsal condition), in both sessions. This body site is less often investigated than 504 
the forearm; therefore, we chose to report mainly the comparison between the palm and forearm. 505 
However, the results regarding the dorsal condition can be found in Supplementary Materials (Figure 506 
S11). 507 

 508 
Data analysis 509 
For each body site, the data from the two sessions were analyzed separately. The model fitting and 510 
profile categorization were the same as those used in Experiment 1. 511 
 512 
Results 513 
Response to forearm (hairy skin) stimulation 514 

a. Quadratic, linear, and random profile categorization 515 
At the group level, we observed the classic inverted U-shaped curve. These results replicating the 516 
classically observed group-level results for tactile pleasantness ratings can be found in Supplementary 517 
Materials (see Figure S7). In response to stimulation applied to the forearm, 8 (19.5%) participants did 518 
not show a significant effect of velocity on perceived pleasantness and were thus categorized as 519 
‘random’, 31 (75.6%) participants were categorized as having a ‘quadratic’ profile, and 2 (4.9%) 520 
participants were categorized as having a ‘linear’ profile in session 1 (Figure 5). In session 2, 7 (17.1%) 521 
participants were categorized as having a ‘random’ profile, 28 (68.3%) participants were categorized as 522 
having a ‘quadratic’ profile, and 6 (14.6%) participants were categorized as having a ‘linear’ (Figure 523 
5). As in Experiment 1, the CI analysis showed a clear superiority of the quadratic model for both 524 
sessions (session 1: lower bound: -356, raw sum: -291, upper bound: -226; session 2: lower bound: -525 
310, raw sum: -255, upper bound: -202). 526 

 527 
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 529 
 530 

 531 
Figure 5: Quadratic and linear fit of individual pleasantness ratings in response to strokes applied to the 532 
forearm for both sessions (Experiment 2). The figure displays the individual pleasantness ratings at each 533 
stroking velocity (blue dots) and the linear and quadratic fit results (curves). A thick red curve indicates that the 534 
participant has a ’quadratic’ profile (i.e., significant quadratic fit and p values(LRT) < .05). A thick yellow curve 535 
indicates that the participant has a ‘linear’ profile (i.e., significant linear fit and p values(LRT) > .05). The absence 536 
of a bold curve (neither red nor yellow) indicates that the participant has a ‘random’ profile. For each participant, 537 
the results from the two sessions are plotted side-by-side. 538 
 539 

b. Stability across sessions for forearm stroking 540 
Twenty-five (73%) participants displayed the same profile in session 1 and session 2. This result was 541 
above chance level (33%). The detailed repartition of the participants is shown in Table 8. Furthermore, 542 
the observed likelihood for each profile exceeded the predicted likelihood (Table 9). This result 543 
suggested that the identified profiles were stable across sessions. 544 
 545 
 546 
Table 8: Repartition of the participants into profiles for both sessions. 547 
 548 

Session 2 profiles 

 Quadratic Linear Random Total 

Session 1 profiles 

Quadratic 25 2 4 31 
Linear 0 2 0 2 
Random 3 2 3 8 
Total 28 6 7 41 

 549 
 550 
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Table 9: Predicted and observed likelihoods for each profile to be identical in both sessions. 551 
 552 

 
Predicted 
likelihood 

Observed 
likelihood Difference Interpretation 

Quadratic 0.57 0.61 0.04 The observed likelihood is higher than 
the predicted one. This is an argument 
in favor of stability 

Linear 0.00 0.05 0.05 
Random 0.04 0.07 0.04 

 553 
 554 
We then examined the correlations between the model coefficients A2 (quadratic term), A1 (linear 555 
term), and A0 (intercept) between the two sessions for the 25 participants who had a ‘quadratic’ profile 556 
in both sessions. Each coefficient was significantly correlated with its homolog from the other session 557 
(A2: S = 886, p < .001, rho = 0.66; A1: S = 817, p < .001, rho = 0.69; A0: S = 802, p < .001, rho = 0.69; 558 
see Figure S8 in Supplementary Materials). These strong observed correlations argue in favor of a 559 
stability of pleasantness judgment across sessions. 560 
 561 
Response to palm (non-hairy skin) stimulation 562 

a. Quadratic, linear, and random profile categorization 563 
At the group level, we observed the classic inverted U-shaped curve. These results replicating the 564 
classically observed group-level results for tactile pleasantness ratings can be found in Supplementary 565 
Materials (see Figure S9). In response to stimulation applied to the palm, 8 (19.5%) participants did not 566 
show a significant effect of velocity on perceived pleasantness and were thus categorized as having a 567 
‘random’ profile, 30 (73.1%) participants were categorized as having a ‘quadratic’ profile, and 3 (7.3%) 568 
participants were categorized as having a ‘linear’ profile in session 1 (Figure 6). In session 2, 7 (17.1%) 569 
participants were categorized as having a ‘random’ profile, 28 (68.3%) participants were categorized as 570 
having a ‘quadratic’ profile, and 6 (14.6%) participants were categorized as having a ‘linear’ profile 571 
(Figure 6). As in Experiment 1, the CI analysis showed a clear superiority of the quadratic model for 572 
both sessions (session 1: lower bound: - 345, raw sum: - 285, upper bound: -226; session 2: lower 573 
bound: - 336, raw sum: - 276, upper bound: -219). 574 

 575 



Running head: Modeling affective touch 
 

24 
 

576 



Running head: Modeling affective touch 
 

25 
 

 577 
 578 

Figure 6: Quadratic and linear fit of individual pleasantness ratings in response to strokes applied to the 579 
palm for both sessions (Experiment 2). The figure displays the individual pleasantness ratings at each stroking 580 
velocity (purple dots) and the linear and quadratic fit results (curves). A thick red curve indicates that the 581 
participant has a ’quadratic’ profile (i.e., significant quadratic fit and p values(LRT) < .05). A thick yellow curve 582 
indicates that the participant has a ‘linear’ profile (i.e., significant linear fit and p values(LRT) > .05). The absence 583 
of a bold curve (neither red nor yellow) indicates that the participant has a ‘random’ profile. For each participant, 584 
the results from the two sessions are plotted side-by-side. 585 

 586 
b. Stability across sessions for palm stroking 587 

Thirty-two (78%) participants displayed the same profile in session 1 and session 2. This result was 588 
above chance level (33%). The detailed repartition of the participants is shown in Table 10. 589 
Furthermore, the observed likelihood for each profile exceeded the predicted likelihood (Table 11). This 590 
result suggested that the identified profiles were stable across sessions. 591 
 592 
Table 10: Repartition of the participants into profiles for both sessions. 593 
 594 

Session 2 profiles 
Quadratic Linear None Total 

Session 1 
profiles 

Quadratic 27 1 2 30 
Linear 0 2 1 3 
Random 5 0 3 8 
Total 32 3 6 41 

 595 
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Table 11: Predicted and observed likelihoods for each profile to be identical in both sessions. 596 
 597 

 
Predicted 
likelihood 

Observed 
likelihood Difference Interpretation 

Quadratic 0.54 0.66 0.12 The observed likelihood is always 
higher than the predicted one. This is 
an argument in favor of stability 

Linear 0.01 0.05 0.04 
Random 0.04 0.07 0.04 

 598 
 599 
We then examined the correlations between the model coefficients A2 (quadratic term), A1 (linear 600 
term), and A0 (intercept) between the two sessions for the 27 participants who had a ‘quadratic’ profile 601 
in both sessions. Each coefficient was significantly correlated with its homolog from the other session 602 
(A2: S = 1668, p < .05, rho = 0.49; A1: S = 2010, p < .05, rho = 0.39; A0: S = 1139, p < .001, rho = 603 
0.65; see Figure S10 in Supplementary Materials). These observed correlations argue in favor of a 604 
stability of pleasantness judgment across sessions. However, the correlation between A1 in session 1 605 
and session 2 was weaker than the correlations previously reported for forearm stimulation. 606 

 607 
 608 
EXPERIMENT 3 609 
The focus of Experiment 3 was to test the stability of the perceived pleasantness across several 610 
repetitions. Sensory processing is “noisy”, and this intrinsic uncertainty in our sensory system may 611 
explain differences between individuals and differences between studies (e.g., (10)). In Experiments 1 612 
and 2, we found a higher percentage of individuals for whom the quadratic regression was significant 613 
than in a previous study (67.1% vs. 42%; (10)). Most of the studies assessing pleasantness in response 614 
to different velocities of stroking assess each condition 3 times. This low number of repetitions is 615 
justified by the quick habituation and fatigue of affective touch fibers. (45) showed that tactile 616 
pleasantness diminished during 50 minutes of repetitions, particularly when touch was delivered at 3 617 
cm/s, compared to slower (0.3 cm/s) and faster (30 cm/s) velocities. Nevertheless, when interested in 618 
individual perception, an optimal approach would be to collect more data per participant to better 619 
account for individual variability and sensory uncertainty (46). In Experiment 3, we propose a new 620 
protocol that includes more repetitions in each condition to better account for individual variability. By 621 
doing so, our aim was to evaluate whether the number of repetitions influenced the categorization of 622 
participants into profiles (quadratic, linear, or random). We first compared the profile repartition we 623 
obtained with the classic three repetitions of each stroking velocity (as we did in the first two 624 
experiments) to the results obtained with ten repetitions. Then, for a more fine-grained evaluation of 625 
the impact of the number of repetitions on the shape of the tactile pleasantness ratings, we focused on 626 
how the fit of the quadratic model and the corresponding estimated parameters varied with increasing 627 
repetitions. 628 
 629 
Method 630 
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Participants 631 
Sixteen healthy, naïve participants took part in Experiment 3 (6 females; 24.3 ± 5 years). All 632 

volunteers provided written informed consent prior to their participation. All participants received a 633 
cinema ticket as compensation for each hour spent on the experiment. All experiments were approved 634 
by the Swedish Ethics Review Authority. 635 

 636 
Affective touch task procedure 637 
We followed the same procedure as in Experiment 1. However, each velocity was presented ten times, 638 
for a total of 70 stroking trials per location (palm and forearm, in randomized order). 639 

 640 
Data analysis 641 

a. Descriptive modeling: Quadratic, linear, and random profile categorization 642 
The model fitting and profile categorization were the same as in Experiments 1 and 2. We compared 643 
the outcomes when the fit was performed on all data or when considering the first 3 repetitions in each 644 
condition. 645 

b. Influence of the number of repetitions 646 
As shown in the previous two experiments, the negative quadratic model seemed to be an efficient 647 
model to capture the perception of pleasantness in response to touch delivered at different velocities at 648 
the individual level. However, are the fitting outcomes significantly impacted by the number of 649 
repetitions of each type of tactile stimulation? To answer this question, we fitted the quadratic model to 650 
the participants’ pleasantness ratings for the first presentation of each velocity only and then repeated 651 
the same fitting procedure taking into account one additional presentation of each velocity each time 652 
(from 2 to 10 repetitions). Thus, we obtained 10 fitting outcomes per participant. We used linear mixed 653 
models to evaluate the impact of the number of repetitions at each stroking velocity on the goodness of 654 
fit of the quadratic model (reflected by the RMSE) and on the shape of the fitting curve (reflected by 655 
the estimated A2 and A0 coefficients). 656 
 657 
Results 658 

a. Quadratic, linear, and random profile categorization 659 
At the group level, we observed the classic inverted U-shaped curve (see Figure S14 in Supplementary 660 
Materials). In this experiment, similar to Experiments 1 and 2, the ‘quadratic’ profile was predominant. 661 
Based on (45), we expected that this predominance might be reduced when considering the 10 662 
repetitions for each condition: with more repetitions, the sensory attenuation would probably increase, 663 
and the participants might become less sensitive and more “numb” to the pleasantness, which could 664 
decrease the relevance of the quadratic model. However, the results actually suggested the opposite: 665 
regardless of whether stroking was applied to the forearm or the palm, a clear majority of participants 666 
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presented a ‘quadratic’ profile after three repetitions at each velocity (forearm = 56%; palm: 75%); this 667 
relatively higher prevalence of the ‘quadratic’ profile further increased when each stimulation was 668 
repeated 10 times (forearm = 75%; palm: 94%), as the observed likelihood for this profile was higher 669 
than the predicted likelihood (Tables 12 and 13 and Figure 7 and 8). This suggested that the quadratic 670 
velocity-pleasantness response function was robust over repeated stimulations and that pleasant tactile 671 
sensations did not quickly attenuate. 672 

 673 
Table 12: Repartition of the participants into profiles when considering 10 or 3 repetitions in each condition. 674 
 675 

 676 
 677 
 678 
 679 
Table 13: Predicted and observed likelihoods for each profile to be identical when considering the first 3 and then 680 
10 repetitions at each stroking velocity. 681 
 682 

 

Forearm profiles Palm profiles 

Predicted 
likelihood 

Observed 
likelihood Difference Predicted 

likelihood 
Observed 
likelihood Difference 

Quadratic 0.32 0.50 0.18 0.56 0.75 0.19 
Linear 0.02 0.06 0.05 0.00 0.00 0.00 
Random 0.10 0.06 -0.04 0.04 0.06 0.03 

 683 
 684 

Forearm profiles Palm profiles 

 3 repetitions  3 repetitions 
Quadratic Linear None Total Quadratic Linear None Total 

10 rep. 

Quadratic 8 0 4 12 

10 rep. 

Quadratic 12 1 2 15 
Linear 0 1 0 1 Linear 0 0 0 0 

Random 1 1 1 3 Random 0 0 1 1 
Total 9 2 5 16 Total 12 1 3 16 
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 685 
 686 

Figure 7: Quadratic and linear fit of individual pleasantness ratings in response to strokes applied to the 687 
forearm for 10 and 3 repetitions in each condition (Experiment 3). The figure displays the individual 688 
pleasantness ratings at each stroking velocity (blue dots) and the linear and quadratic fit results (curves). A thick 689 
red curve indicates that the participant has a ’quadratic’ profile (i.e., significant quadratic fit and p-values(LRT) 690 
< .05). A thick yellow curve indicates that the participant has a ‘linear’ profile (i.e., significant linear fit and p 691 
values(LRT) > .05). The absence of a bold curve (neither red nor yellow) indicates that the participant has a 692 
‘random’ profile. For each participant, the results for 3 repetitions are plotted first, and the results when 10 693 
repetitions are taken into account are plotted side-by-side. 694 
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 695 
Figure 8: Quadratic and linear fit of individual pleasantness ratings in response to strokes applied to the 696 
palm for 10 and 3 repetitions in each condition (Experiment 3). The figure displays the individual pleasantness 697 
ratings at each stroking velocity (purple dots) and the linear and quadratic fit results (curves). A thick red curve 698 
indicates that the participant has a ’quadratic’ profile (i.e., significant quadratic fit and p values(LRT) < .05). A 699 
thick yellow curve indicates that the participant has a ‘linear’ profile (i.e., significant linear fit and p values(LRT) 700 
> .05). The absence of a bold curve (neither red nor yellow) indicates that the participant has a ‘random’ profile. 701 
For each participant, the results for 10 repetitions are plotted first, and the results when only 3 repetitions are taken 702 
into account are plotted side-by-side. 703 
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 704 
b. Influence of the number of repetitions on fitting outcomes 705 

By increasing the number of repetitions for each stroking velocity delivered to the forearm, we observed 706 
a significant decrease in RMSE values, i.e., the fit of the quadratic model became better with more 707 
repetitions (F(1,15)=26.8, p < .001), although the magnitude of this improvement remained modest 708 
(linear coefficient for the fixed effect of the number of repetitions: -0.31). However, the corresponding 709 
estimated A2 reflecting the curvature of the quadratic regression did not significantly change when the 710 
number of repetitions increased (F(1,15)=0.9, p = .37). A0, the coefficient representing the overall 711 
pleasantness perception did not seem to be significantly influenced by the number of repetitions 712 
(F(1,15)=1.5, p = .24; see Figure S15 in Supplementary Materials). 713 
By increasing the number of repetitions for each stroking velocity delivered to the palm, we observed 714 
no significant change in RMSE values, i.e., the fit of the quadratic model remained similar despite more 715 
repetitions (F(1,15)=0.4, p = .52). Once again, the corresponding estimated A2 coefficient reflecting 716 
the curvature of the quadratic regression did not significantly change when the number of repetitions 717 
increased (F(1,15)=1.5, p = .24). A0, the coefficient representing the overall pleasantness perception 718 
seemed to slightly increase with the number of repetitions (F(1,15)=5.6, p = .03; linear coefficient for 719 
the fixed effect of the number of repetitions: 0.89; see Figure S16 in Supplementary Materials). 720 

 721 

 722 
Discussion 723 
 724 
Summary of key findings 725 
Across three experiments, we 1) tested the hypothesis that the classic negative quadratic model 726 
(inverted-U shape function) would outperformed a linear model in describing the relationship between 727 
velocity of touch and subjective tactile pleasantness at the individual level in the majority of individuals; 728 
2) explored how individual difference factors predicted the outcome of such individual fit (Experiment 729 
1); 3) tested whether the shape of the quadratic model would be more pronounced and observed in more 730 
people on hairy compared to non-hairy skin , and 4) establish whether the individual shape of the tactile 731 
pleasantness-velocity functions was temporally stable, both across two identical experimental sessions 732 
one week apart (Experiment 2) and when the number of repetitions at each velocity increased 733 
(Experiment 3). 734 
Our results showed that at the group level (N = 123), the relationship between the velocity of touch and 735 
subjective pleasantness was better described by a negative quadratic model than a linear model in the 736 
majority of participants. At the individual level, most participants (67.1% for the hairy skin site and 737 
62.6% for the non-hairy skin site) showed a significant negative quadratic relationship between velocity 738 
of touch and pleasantness, which is substantially more frequent than previously reported (10) and thus 739 
more in line with the CT-hypothesis and suggesting that the inverted-U-shape function best captures 740 
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individuals’ typical perception of affective touch. Unexpectedly, the frequency of the negative quadratic 741 
model fit, and the shape of this model, was similar across hairy (forearm) and non-hairy skin (palm) 742 
with 62.6% of participants displayed the same pattern at the forearm and palm. This result does not fit 743 
with the CT-hypothesis but is more in line with recent proposals that suggest that affective touch 744 
sensations arise from multiple afferent and top-down sources rather than being driven exclusively (or 745 
mainly) by afferent CT information. In terms of individual differences, we found that higher cardiac 746 
interoceptive accuracy was related to a better fit of the quadratic model of the perception of touch on 747 
hairy skin (and with a statistical trend for such relationship on non-hairy skin), and individual 748 
differences in self-reported depression influenced the steepness of the curve. Noteworthy, the patterns 749 
of the relationship between the velocity of touch and subjective pleasantness were temporally stable 750 
across two experimental sessions (73% of participants displayed the same profile across sessions on 751 
hairy skin and 78% on non-hairy skin; Experiment 2) and were robust and replicable with an increasing 752 
number of trials (Experiment 3), which supports the idea that the current individual subject modeling 753 
could be a viable approach for future clinical research into biomarkers for mental health conditions. 754 
Collectively, our findings suggest that the relationship between the velocity of tactile stimulation and 755 
subjective pleasantness follows a negative quadratic function in most people, that the shape of this 756 
function was robust and replicable across trials and sessions and present for both hairy and non-hairy 757 
skin, and thus it is likely to represent a universal function for tactile pleasantness experience in humans. 758 
 759 
The perception of affective touch at the individual level 760 
We believe that our results provide an important contribution to the affective touch field from the 761 
experimental, behavioral, and clinical points of view. Several studies have shown that slow, caress-like 762 
touch delivered at velocities between 1 and 10 cm/s might optimally activate the CT afferent system 763 
and is perceived as more pleasant than slower or faster velocities based on subjective ratings (e.g., (5) 764 
(7)). At the group level, the averaged pleasantness ratings of touch delivered at velocities in the range 765 
between 0.3 and 30 cm/s follow an inverted-U shape curve, with maximum pleasantness between 1 and 766 
10 cm/s. Here, we provide novel evidence that this pattern is also valid at the individual level and on 767 
both hairy and non-hairy skin. This is an important advance for the field because it is individuals – not 768 
groups – that experience pleasant touch, and the relationships observed at the group level (through data 769 
averaging) may not be representative of the specific perception of individual participants. One of the 770 
reasons accounting for why we might have found that a higher percentage of participants at the 771 
individual level followed the inverted-U shaped pattern compared to the results of one previous study 772 
(10) is the fact that all our participants were tested under the same conditions with the tactile stimulation 773 
always delivered by the same experimenter. In contrast, Croy et al. 2021 pooled data from 5 separate 774 
experiments with the common ground that participants were tested on the forearm; this approach might 775 
have increased experimental noise and added additional individual variability, over and above that 776 
associated with tactile perception per se. 777 
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Importantly, by using our modeling approach, we could, for the first time, investigate the relationship 778 
between individual traits and characteristics, namely, depression, anxiety, eating disorders 779 
symptomatology, and cardiac interoceptive accuracy, and individual differences in the precise shape of 780 
the tactile pleasantness-velocity function. We found that individual differences in self-reported 781 
depression influenced the steepness of the quadratic curve, at least when touch was delivered on hairy 782 
skin. These results are in keeping with recent evidence suggesting that depressive symptomatology can 783 
influence how participants perceive and think about tactile social encounters (32). Furthermore, these 784 
results can be interpreted in the context of a more general anhedonia, which has traditionally been linked 785 
to depression and has been found to affect the perception of tactile pleasantness in people with eating 786 
disorders (31). 787 
Consistent with the idea of affective touch as an interoceptive modality, our results showed that higher 788 
cardiac interoceptive accuracy as measured by means of a classic heartbeat counting task (30) was 789 
related to a better fit of the negative quadratic model for the perception of touch on hairy skin (with a 790 
similar but non-significant statistical trend observed for non-hairy skin). In this regard, recent studies 791 
have reported non-significant relationships between the perception of affective touch and cardiac 792 
interoceptive accuracy (21) (34); however, interoceptive accuracy was a predictor of tactile pleasantness 793 
in a multisensory integration paradigm only when touch was delivered at the borderline velocity for CT 794 
optimality (9 cm/s, (21)). Taken together, these findings suggest that the link between cardiac 795 
interoception and tactile pleasantness is more complex than originally thought, and modeling 796 
approaches might be better suited to describe such relationships. 797 
Overall, our findings suggest that the perception of affective touch follows a relatively consistent pattern 798 
at the individual level; nevertheless, this finding should be contextualized in a broader picture that takes 799 
into account other individual differences, such as depressive symptomatology and interoceptive 800 
abilities. As such, the subjective perception of affective touch reflects the complexity of studying social 801 
touch where context and person matter (e.g., (28)), and it should not be reduced only to bottom-up 802 
processing of the signals triggered by the tactile stimulation of the peripheral receptors in the skin; 803 
information regarding social and contextual cues modulates the pleasantness experience at central levels 804 
of processing. 805 
 806 
Differences in the perception of touch on hairy and non-hairy skin 807 
We found that the pattern of results was similar for touch delivered on hairy (forearm) and non-hairy 808 
(palm) skin. These results are surprising in light of classic findings in the field of affective touch (e.g., 809 
(43)) but consistent with a recent meta-analysis that pooled data from 18 studies and reported no 810 
systematic difference in pleasantness ratings in response to affective touch across hairy and glabrous 811 
skin when considered in group-level analyses (see (9)). Notably, here, we demonstrated this finding at 812 
the individual level for the first time, which is important because it is only at this level that the precise 813 
shape of the velocity-pleasantness functions can be modeled and directly compared across skin types. 814 
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As such, our results are timely and in line with an ongoing shift in the field, suggesting that a more 815 
holistic approach might allow us to better capture the perception of tactile pleasantness, where both 816 
bottom-up and top-down signals play a role. To the extent that the subjective perception of touch is the 817 
result of the activation of mechanoreceptive afferents on the skin in combination with central processing 818 
((47) (1), here, we showed that the pattern of relationship between velocity of touch (and presumably 819 
CT activation; (5)) and subjective tactile perception follows a similar pattern across hairy and non-hairy 820 
skin at the individual level. In the affective touch field, it has long been common practice to select a 821 
glabrous skin site (i.e., palm of the hand) as a control condition to compare to the perception of tactile 822 
pleasantness on hairy skin. However, our findings might suggest that more careful consideration is 823 
needed when selecting control conditions and in interpreting the results when any remarkable difference 824 
is found between hairy and non-hairy skin sites because such findings may not relate to tactile 825 
pleasantness per se. In fact, our findings indicate that the inverted-U shaped curve could constitute a 826 
fundamental function that describes the typical relationship between tactile stimulation velocity and 827 
subjective pleasantness across all body parts and skin types (although further studies are needed to 828 
confirm this across more body parts than the three sites investigated here). 829 
Nevertheless, we found that interoceptive accuracy and self-reported depression were related to the 830 
perception of tactile pleasantness on hairy skin only, thus indirectly suggesting that there are intrinsic 831 
differences in the processing and interpretation of touch based on skin site (e.g., (47) (48)). As such, 832 
our results further contribute to our understanding of touch perception and, in particular, the relative 833 
contribution of the CT system to the perception of tactile pleasantness. A recent study reported sparse 834 
CT afferent recordings from glabrous skin for the first time (8); thus, it could be that even a small 835 
number of CT fibers is sufficient to contribute to the perception of tactile pleasantness from a 836 
physiological point of view. An alternative explanation of our findings could be that the contribution of 837 
the CT system to the perception of tactile pleasantness is minimal, and the perception of the hedonic 838 
aspects of touch is mainly driven by other afferent tactile information (49), top-down beliefs about touch 839 
perception (e.g., (31)), and previous tactile experiences throughout life (50). 840 
 841 
Stability of touch perception across testing sessions and repetitions 842 
The results of Experiment 2 suggest that healthy participants present a rather consistent relationship 843 
between velocity of touch and tactile pleasantness at the individual level across two testing sessions. 844 
Thus, the way in which we perceive tactile pleasantness might represent a trait rather than a state 845 
characteristic. This result is in line with previous findings suggesting that the preferred velocity of touch 846 
is stable across two testing sessions taking place 21 days apart (51). Taken together, these findings are 847 
particular important for clinical research because they can pave the way for further investigation 848 
exploring whether the perception of affective touch can be used as a behavioral biomarker for the early 849 
identification and diagnosis of psychiatric and neurodevelopmental disorders. Nevertheless, we should 850 
point out that the perception of tactile pleasantness is still context-dependent (see (52) for a review), 851 
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and in this study participants were always blindfolded as to reduce the effect of the visual environment 852 
on the sensory experience. Therefore, the present results should be replicated and extended to show that 853 
the perception of tactile pleasantness is stable also under different circumstances.  854 
Several studies in the field of affective touch have been criticized for the low number of repetitions used 855 
at each velocity. However, it has also been highlighted that several repetitions could reduce the 856 
perceived pleasantness of touch (45). In this context, the results of Experiment 3 showed that increasing 857 
the number of repetitions at each velocity from 3 to 10 did not significantly deteriorate the fit of the 858 
model. That is, participants already showed a strong pattern after 3 trials, and this pattern did not change 859 
over subsequent trials. These results provide additional, indirect validity for the findings from previous 860 
studies that investigated the perception of affective touch using less than 10 repetitions per velocity (see 861 
(53) for a recent review), and they further suggest that the perception of affective touch might represent 862 
a trait characteristic, with a strong potential to be used as such in future studies. 863 
In this regard, we believe that our results provide important methodological information to consider 864 
when designing future studies. The evidence that it is possible to reliably assess affective touch 865 
perception using a low number of trials might be crucial for studies conducted with clinical populations 866 
presenting symptoms such as fatigue, cognitive impairment, and difficulties in social interactions, as 867 
well as when testing in hospital facilities or at bedsides. In such situations, it is essential to collect 868 
reliable data while keeping the testing time as brief as possible to guarantee participants’ comfort and 869 
safety. 870 
 871 
Concluding remarks and future directions 872 
We believe that our findings highlight the translational potential of quantifying the perception of 873 
affective touch as a proxy for socially embodied cognition and have important implications for our 874 
understanding of the relationship between mental health and affective touch (27). The affective touch 875 
system seems to play a role in the development and maintenance of affiliative behaviors and social 876 
bonding and for the communication of emotions (see (2) (5) (48) (3) (54)). Thus, it has been suggested 877 
that this modality could be important for the development of the social brain (see (55) for a review) and 878 
for the way we relate to ourselves and others (42). Furthermore, the integration of 879 
interoceptive/affective (including signals derived from affective cutaneous stimulation) and 880 
exteroceptive/sensory information plays a critical role in bodily awareness at any given time and the 881 
construction of the subjective experience of the self (e.g., (56) (19) (21) (57)). Our findings that healthy 882 
participants showed a rather consistent relationship between velocity of touch and tactile pleasantness 883 
at the individual level, combined with clinical data suggesting a close link between affective touch and 884 
mental health, can pave the way for further investigation exploring the perception of affective touch in 885 
people at different stages of mental health conditions, ranging from populations at risk of developing 886 
such disorders to people who have successfully recovered from them. For example, it remains unclear 887 
whether disruptions in the perception of affective touch can be considered a consequence of other 888 
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symptoms or whether they are a contributing factor for the development of mental health disorders. 889 
Along this line, one study investigated the perception of affective touch in people who had recovered 890 
from anorexia nervosa compared to women with anorexia nervosa and matched healthy controls (31). 891 
The results suggested that the difficulties in the perception of affective touch might persist even after 892 
an otherwise successful recovery. Thus, such deficits might represent a trait rather than a state 893 
phenomenon related to the status of malnutrition associated with this clinical condition.  894 
To the best of our knowledge, this is the first study to apply an advanced modeling approach to better 895 
characterize the perception of tactile pleasantness at the individual level. We systematically investigated 896 
the stability of the profiles across body sites, comparing hairy and non-hairy skin, across two testing 897 
sessions one week apart, and across several repetitions (from 3 to 10). Our results provide an important 898 
novel contribution to the field and further validate previous findings investigating the perception of 899 
affective touch. Future studies could also include a measure of precision of the subjective perception 900 
by asking participants to report their confidence in their responses, for example (e.g., (58) (59)). Such 901 
metacognitive approaches hold the potential to provide a more complete picture of the way peripheral 902 
tactile stimulation can give rise to a subjective pleasantness percept. 903 
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