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EEG correlates of tickle perception in humans

M E T H O D SI N T R O D U C T I O N

R E F E R E N C E S

● Tickle: Very common experience for almost 
everyone, yet enigmatic regarding its sensory 
underpinnings

● Ambivalent sensation associated with a drive to 
convulse and laugh [1,2]

● Prevalent in humans [3,4], non-human primates 
[5], and also rodents [6-8]

● Many aspects of tickle perception remain 
unclear, largely due to a lack of standardized 
research protocols and exact control of stimulus 
paramters [2]

What are the neural underpinnings of 
perceived ticklishness in humans?
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● Previously validated laboratory protocol:
 - Stroke stimuli on left and right metatarsals
 - Velocities: 2 cm/s, 15 cm/s, 30 cm/s
● N=40 (20 female; 25.9 ± 5.7 years)

→ N=33 with sufficient EEG trials for high vs. low tickle partitioning
● 180 trials (60 trials per velocity)
● EEG, EMG, EDA, video, audio
● Canonical correlation analysis (CCA)[9] to 

improve the ERP’s signal-to-noise ratio: 

A robotic haptic stimulation device enables 
controlled tickle on the foot sole.
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E V O K E D  A C T I V I T Y
Phase-locked activity extracted with CCA (partitioned into high vs. low perceived ticklishness, identical stimulus characteristics)
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Visualized ROI:
C3, C1, Cz, C2, C4, 

CP3, CP1, CPz, CP2, CP4
(max. extent in time and 

frequency displayed)

pcluster=.011
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Power difference high vs. low ticklishness 
Spatio-temporal cluster statistics, controlling for velocity effect (rmAnova)
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ERP decomposition with canonical correlation analysis (CCA)[9]

Effect topographies
Temporal generalization of high vs. low tickle decoding in the alpha frequency band 

(common spatial patterns[10] + logistic regression)

2 cm/s 15 cm/s 30 cm/s

 Cluster statistics and decoding analyses indicate: neural representation 
of tickle starts shortly after 1 sec (ticklish velocities) and related induced 
activity appears to depend on stroke-turn events.
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performed using EEGLAB ( Delorme and Makeig, 2004 ), and custom-  written scripts in MATLAB (The 
MathWorks Inc, Natick, MA).

Single-trial extraction using CCA
Single-  trial SEPs were extracted using canonical correlation analysis (CCA), as proposed by Water -

, and in the same way applied as described in , for a similar 
dataset.

CCA finds the spatial filters  wx  and  w   for multi-  channel signals  X   and    by solving the following 
optimization problem for maximizing the correlation:

 wx,w
wx X,w ,

  

where  X   is a multi-  channel signal constructed from concatenating all the epochs of a subject’s 
recording, that is,  X x , x , . . . , x   with  x � R ×   being the multi-  channel signal of a 
single trial and    the total number of trials. Additionally, 

 
x̄ x̄

 

 with  ̄x = x   denoting the 

grand average of all trials. Since averaging cancels the background noise and recovers the shared 
morphology of the SEP of interest among all the trials, the CCA procedure resembles a template 
matching between the single-  trial signals and the template time signature of the SEP of interest. 
The spatial filter  wx  provides us with a vector of weights for mixing the channels of each single trial 
(i.e.,  x , = wx x  ) and recovering their underlying SEP. Therefore,  wx  can be interpreted as the spatial 
signature of the SEP of interest across all single trials. The optimization problem of CCA can be solved 
using eigenvalue decomposition. Therefore, multiple CCA spatial components can be extracted for 
each subject, being the eigenvectors of the corresponding eigenvalue decomposition. Since we are 
mainly interested in the early portion of the SEP, the two signal matrices  X   and    were constructed 

 stimulus. The extracted CCA spatial filter was, however, 
applied to the whole-  
trial’s channels using the CCA spatial filter  wx  , that is,  x , = wx x   , is called a CCA component of that 
trial.

The spatial activity pattern of each CCA component was computed by multiplying the spatial filters 
 wx  by the covariance matrix of  X  , as  cov X wx  , in order to take the noise structure of the data into 
account ( ). The CCA components whose spatial patterns showed a pattern of a 
tangential dipole over the central sulcus (typical for the N20-  P35 complex) were selected for further 
analyses and referred to as tangential CCA components . Such a tangential CCA component was 
present in all subjects among the first two CCA components with the maximum canonical correlation 
coefficients. Since CCA solutions are insensitive to the polarity of the signal, we standardized the 
resulting tangential CCA components by multiplying the spatial filter by a sign factor, in the way that 
the N20 potential always appeared as a negative peak in the SEP.

Furthermore, in a sub-  
 stimulus (presumably the P15 

component of the SEP) and a spatial pattern that was characterized by a central, outspread activation 
(in the following referred to as thalamic CCA component ). Also here, the CCA components were stan -
dardized so that the P15 always appeared as a positive peak.

In order to additionally evaluate the later time course of the SEP (i.e., the lower and later frequency 
content), the spatial filter of the tangential CCA component was applied to EEG data temporally 

 processed in the same way as described above).

SEP peak amplitudes and pre-stimulus oscillatory activity
N20 peak amplitudes were defined as the minimum value in single-  trial SEPs of the tangential CCA 

 subject average SEP. P15 amplitudes 

around the latency of the P15 in the within-  subject average SEP. N140 amplitudes were measured 
from the low-  frequency-  

To estimate the average amplitude of pre-  stimulus alpha band activity, the data were segmented 
 

● Behavioral task: 
Rate the perceived 
ticklishness (scale 1-10)

C O N C L U S I O N S  &  O U T L O O K
● High ticklishness results in an 

attenuation of early EEG responses after 
the stroke stimulus but without effect on 
phase-locked activity during the stroke.

● Neural representation of ticklishness in 
induced activity of alpha, beta and theta 
frequencies.

● Relatively slow build-up with an onset after 
>1 second (induced power reduction).

● If alpha/ beta desynchronization reflects 
increased excitation during ticklish 
stimulation, why is the early ERP smaller 
afterwards?
a) Rebound inhibition: the cortex actively 

reduces excitability to recover (a 
“cool-down” effect)?

b) Dynamic gain control: an adaptive 
adjustment of neural responsiveness to 
prevent oversaturation?

 Effect of perceived ticklishness on post-stroke poke ERP 
(N80 amplitude) but not on stroke-onset ERP 
rmAnova: F(1, 32) = 6.330, p = 0.017 (controlling for velocity) 
single-trial LMM: t(36.5) = 2.118, p = 0.041 (controlling for velocity and time-on-task)


