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INTRODUCTION

Sensory Attenuation (SA) is the phenomenon that self-generated
stimuli are perceived less intensely than externally-generated
sensations [1].

Although vastly assumed as tightly linked, electrophysiological

evidence of sensory attenuation almost unanimously report

attenuations for self-generated stimuli, while at the behavioural level,
results are much more varied [2]. Through a validated VR paradigm

[3] we aimed to:

- Collect behavioural and EEG measures of attenuation for self- (as
compared to others-) generated sensorial stimuli, in the auditory
and somatosensory modalities.

- Correlate behavioural and EEG indices of sensory attenuation to
formally test whether the attenuation of ERP components reflect
the reduction of perceived subjective intensity.

METHODS

Apparatus and setup: VR setup, simultaneous EEG recording and
electrical right finger stimulation. In each trial participants either
stayed still and got touched by a virtual moving ball (stay) or actively
reached the ball (move). Upon contact, the ball may or may not have
administered a somatosensory or auditory stimulation with a
constant intensity (touch, audio or no-stimulation conditions). If a
stimulus (test) was administered, participants received a second
(comparison) stimulus, with varying intensity and reported whether
the second stimulus was higher or lower than the first. In the no-
stimulation (control) condition participants were required to stay still
and report a colour change of the fixation cross. For details, see Fig 1.
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Figure 1: Each trial began with the virtual ball appearing on the opposite side from the
participant’s finger. If the fixation cross flashed green, participants were required to reach
the ball on the opposite side of the table. If red, participants were required to stay still and
the ball reached their fingertip. Upon contact with the virtual ball, an electrical or auditory
stimulation could have been administered (represented here in yellow) with a fixed central
intensity (5) and participants were instructed to stay in the same position. A second
comparison stimulus with varying intensity (1 to 9) was administered after 1 s, after which
participants could report whether the second stimulus was higher or lower than the first
one. If no stimulation was administered (grey arrow), participants were instructed to report
whether the fixation cross flashed darker or lighter.

Behavioural data analysis: We first compared accuracies across
stimulation type (touch or audio) and movement type (move or stay).
Then, we fitted logistic psychometric functions on the proportion of
“high” responses for each stimulus intensity. This allowed us to
calculate the point of subjective equality (PSE) for each participant
and stimulus modality, which were then compared to evaluate
whether the subjective intensity judgment differed by self-producing
or passively perceiving the stimuli.

EEG data analysis: Data were preprocessed via FieldTrip and analysed
in SPM12. To verify that the potential evoked by the electrical
stimulation was differently modulated after movement we tested for
the interaction movement * stimulation type for each sensory
modality separately.

We then calculated an EEG index of attenuation through a linear
combination of the experimental conditions ([move-stimulation —
move-no-stimulation] — [stay-stimulation — stay-no-stimulation]) and
correlated it with a behavioural index of attenuation (differences of
PSE), for each sensorial modality separately.
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RESULTS

Behavioural findings: Participants were more accurate on the auditory task compared to
the tactile task (F, ;o5 = 21.488, p<0.001, n* = 0.166). PSEs for the audio modality were
significantly lower in the move than in the stay condition (F; ;43 = 6.38, p<0.014, n? =
0.106) but did not differ in the touch modality (Figure 2).

EEG results: The somatosensory P200 (peak at 0.145 s, centroid: CP1, F, 4, = 24.11, ppy =
0.010, n* = 0.229) and the auditory P2 (peak at 0.137 s, centroid: FC4, F, g, = 40.04, pp <
0.001, n? = 0.331) were reduced in amplitude when the stimulation was generated by
participants, compared to when it was passively perceived and when controlling for no-
stimulation conditions (Fig 3 a). Only the auditory P2 also was positively correlated with
behavioural index of attenuation, i.e., to larger P2 attenuations correspond larger PSE
reductions for self-generated stimulations (Fig 3 b).
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Figure 2: Behavioural results. Psychometric function over the somatosensory (/left) and auditory (right) modalities.
Vertical lines originating from the logistic fit are PSEs. Accuracy across movement type and stimulation conditions

(middle). Error bars in all graphs are standard error. s = stay, m = move.

2

— Audio Stay
— Audio Move

Oy .
-0.5 il
1 — Touch Stay ]
Touch Move
1.5 | | | | | _ .
0 0.1 0.2 0.3 0.4 0.5 S M S m S M S m 0 0.1 0.2 0.3 0.4 0.5
S Touch Control Audio Control S
2
2 - s 1.5
1t
1 - i 0.5
2 2

1.5/ © o8

Electrophysiological attenuation

_ | | | | | . . . . . . . . .
1 0 0.1 0.2 0.3 0.4 0.5 -2 -08-06-04-02 0 0.2 04 0.6 0.8

S Behavioural attenuation

Figure 3: EEG results. (a) Interaction effect stimulation x movement for the tactile (left) and auditory (right) modality;
ERP of the stimulation condition subtracted of the corresponding no-stimulation condition. Bar plot depicts detail of
the average value within the cluster of all conditions. ERP contours are standard errors and gray shaded areas
represent significant timepoint with pq,; < 0.05. Scalp distributions represent the interaction effect across the
significant time window. (b) Left: time-course of the B-estimates (with confidence intervals) across significant
electrodes. Middle: scalp distribution of the B-estimates over the significant time-windows. Right: the detail of the
correlation.

DISCUSSION

The VR paradigm allowed us to acquire electrophysiological and behavioural indices of

sensory attenuation for both auditory and sensory modalities. Our results suggest that:

* Perceived intensity of self-generated stimuli and EEG suppressions are linked, at least
for the auditory domain, while in the somatosensory domain we observed only a P200
suppression for self-generated stimulations.

P2 amplitude varies with perceived stimulus intensity and it has been associated with
selfhood attribution [4], mechanisms that might sustain the intensity comparison task
and ultimately explain the correlation between EEG and behavioural indices.

* Self-generated sensations, however, might be weighed differently based on the nature of
the task at hand and result in a different modulation of the perceived intensity of stimuli
[5]. Our perception might also be differently prompted by the somatosensory modality,
given its strict link with motor abilities.
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