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The alteration of temporal perception on voluntary movement

Atsuhiro Nishi

Abstract — The present study investigated temporal multimodal integration with vol-
untary movement. We studied the effect of action on temporal perception using a psy-
chological experiment. Temporal order judgment (TOJ) task was used to measure the
differences in point of subjective simultaneity (PSS) and just noticeable difference (JND).
‘We purposed to distinguish the effect of voluntary movement and that of body movement
itself. The present study also investigated whether or not effect of action on temporal per-
ception was observed without tactile sensation, to clear the link between self-generated
movement and the tactile sensation. In experiment 1, we conducted auditory-tactile
TOJ task under three conditions: no-movement condition, involuntary condition, and
voluntary condition, to distinguish the effect of voluntary movement and that of body
movement itself. Results demonstrated involuntary movement and voluntary condition
located PSS to the point where an auditory stimulus preceded to a tactile stimulus com-
pared to no-movement condition. Furthermore, the shift on PSS of voluntary condition
was larger than that of involuntary condition. JND of voluntary condition was smaller
than those of the other two conditions. In experiment 2, we performed visual-auditory
TOJ task under the same conditions at the experiment 1, to study the effect of action
without tactile sensation. Results showed that the effect of voluntary movement on PSS
was not observed unlike with the experiment 1. On the other hands, as with the exper-
iment 1, we observed that voluntary movement decreased JND. These results revealed
that voluntary movement excluded the sense of body movement alternates simultaneity
of temporal perception. However, the alternation was restricted to temporal percep-
tion with tactile sensation. We also demonstrated the temporal resolution was improved

regardless of sensory modality.
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Haptic device

Fig.1 The experimentation environment. Si-
nusoidal wave sound was presented
throw earphone. Haptic device was at-
tached with participant’s right index
finger. Under the Involuntary condi-
tion, the haptic device moved partici-
pant’s finger.
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Fig.2 Schematic illustration of the auditory-tactile TOJ task under the three

conditions: No-movement, Involuntary, and Voluntary condition. Under
Involuntary condition, the haptic test device started to move the par-
ticipant’s right index finger 1,300 to 2,800 msec after the cue. Under
Voluntary condition, the participants started to move their right index
finger voluntarily at their own timing after the cue.
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Fig.3 Average psychometric functions under the three conditions of one partic-
ipant. Positive SOA values mean that auditory stimulus was presented
before tactile one, and vice versa.
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Fig.5 The mean JNDs under the three con-
ditions. Error bars represent the stan-
dard deviations between participants.
*p < 0.01, ¥**p < 0.001
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Table 1 Means and standard deviations of the PSS and JND values (in ms)

under the three conditons.

Positive values of PSS means auditory

stimulus was presented before tactile one, and vice versa.

Condition PSS JND

Mean S.D. Mean S.D.
No-movement -37.7 30.6 66.1 14.7
Involuntary -13.1 24.3 59.2 20.3
Voluntary 5.3 24.6 46.8 10.0
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Fig.6 The experimentation environment.
LED flash was generated 30 cm away
from participants, and sinusoidal wave
sound was presented throw earphone.
Haptic device was attached with
participant’s right index finger. Under
the Involuntary condition, the haptic
device moved participant’s finger.
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Fig.7 Schematic illustration of the visual-auditory TOJ task under the three

conditions: No-movement, Involuntary, and Voluntary condition. Under
Involuntary condition, the haptic test device started to move the par-
ticipant’s right index finger 1,300 to 2,800 msec after the cue. Under
Voluntary condition, the participants started to move their right index
finger voluntarily at their own timing after the cue.
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Table 2 Mean and standard deviations of the PSS and JND values (in ms) un-
der the three conditons. Positive value of PSS shows auditory stimulus
was presented before visual one, and vice versa.

Condition PSS JND

Mean S.D. Mean S.D.
No-movement -2.4 38.6 66.1 12.5
Involuntary 2.1 37.7 68.5 13.6
Voluntary 5.4 24.7 55.7 8.8
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