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The Effect of Voluntary Movement in Audio-Haptic Temporal Order Judgement

Masanori YOKOYAMA

Abstract — The simultaneity between sensory modalities is important for multi-modal
integration. In this study, we investigated the effect of voluntary/involuntary motion
and predictability of stimuli on audio-haptic temporal order judgment. PSS (Point
of Subjective Simultaneity) and JND (Just Noticeable Differences) were measured un-
der “Voluntary-+Predictable” condition, “Voluntary+Unpredictable” condition, “Invol-
untary-+Predictable” condition, “Involuntary+Unpredictable” condition, and “Passive”
condition. Under each condition, when the haptic stimulus was presented before the
auditory stimulus was presented, the two stimuli were more likely to be percieved as si-
multaneous. JND under Voluntary+Predicable condition was marginal and significantly
smaller than under Involuntary+Predictable and Passive condition. And JND under
Involuntary+Predictable condition was not significantly smaller than under Passive con-
dition. These results suggest that the proprioceptive information does’nt affect temporal
order judgment, and that the motor command in voluntary motion affect temporal order

judgment for audio-haptic stimulus.

Keywords
touch

1. go

0000000000 0000000000000
0000000000000 00000000000
000000000 000000000D000000
000000000D000000000000000
000000000 000000000D000000
0000000000000 00000000000
0000000000000 00D000000000
Jooooooooo WBEooooooooood
0000000000000 00D000000000
000000000000D0000000000
00000000000 000000000000
000000000D0D0D0D00000000000
000000000000000000000000
00000D0000000000000000000
0000000000000 00000000000

simultaneity, temporal order judgement, inter-modal, audio-haptic, active

000000000D0D0D0D00000000000
(SJ; Simultaneity Judgment)®-M 00000000
O (TOJ ; Temporal Order Judgment)P6l OO0 00O
TOJOOOODOOODO0OO0D0OD0O00D00000000
000000000000 0000000000000
000000000000D00000000D000O
0000000000000 D00D000000000
goooooooo MoToJo sJoooooOoO
0000 (PSS; Point of Subjective Simultaneity) O
0000000000 (JND; Just Noticeable Differ-
ence) 0000000000 O0DOO-000000-O
0000000000000000000-00000
0000000000000 D00D000000000
ooooo BEgpoooooooooog PSSO
goooooooooooo Boooooog P
00000000000 0000000O00O00-0
00SJO000000000-0000000000



0000000-0000000000000000
000000000000 PSSOO000DO JNDOO
0000000000000 (lag adaptation)?l0
0000000000000 00D00000000
00000000 D0O0OD0O0O0OD0OO0O0O0D0O00000
0000000000000 D00000000000
OooDoooooo Mpooooooooooooo
00000000D0D0D0OD0ODOD0OO0O00O0O00000
M Mggooo0o000000000o0ooa
0000000000000 00000D000000
000000000000 00D00000 200 50ms
0000000000000 (Negative Asynchrony)
go0oD0DDDO00oooooo Moooooooo
0000000000000 D00D000000000
000000000000000000000000
000000000 205ms0000000000
O0D00msOO B ODDODODOOOOO0O0O0
0ooOo000D00000oooooo B0l gg
0000000000000 00000000000
000000000000 000000000000
0000000000000 0000000000
0000000000000 D00D000000000
0000000000 000-0000000000
0000000000000 00000000000
000000DO0O00ooOooooooooo Mooo-
00000000000 00000000 PSSOO
o00000oooooo Boooo vROOO
0000000000000 00D00D0000000
00000000000 O0-00000000000
0000000000000 D00D000000000
000000000000000000000000
00000000000 JNDOODODODOOO0000
shinooooooooooag Mg
0000000000000 0000000000
000000000000000000000000
0000000000000 00000000000
00000000000 O0-00000000000
0000000000000 00000000000
OD0O000O0OoDOo
00000000000000000000000
00000D0000000000000D000O000
00000000000 0000000000000
0000000000000 00D000000000
ooooooo Rlgooooooooooooood

Fig.1 Apparatus.
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Fig.2 Voluntary, Involuntary and Passive condition.
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Fig.3 qgplot of motion velocity in Volunntary
condition.
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Table 1 Mean and standard errors of the JND and PSS values (in ms) under

the three conditons.

Condition JND PSS
Mean Standard Error Mean Standard Error
Voluntary+Predictable 38.0 7.0 -18.3 4.6
Involuntary+Predictable 53.4 12.5 -23.2 6.7
Passive 63.1 17.3 -21.3 11.3
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Fig.4 TOJ data and average psychometric functions across all subjects under

the three conditions.
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Fig.5 Just Noticeable Difference under the three conditions.
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Fig.6 Point of Subjective Simultaneity under
the three conditions.
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tions.
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Fig.8 TOJ data and average psychometric
functions across all subjects under the
five conditions.
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Table 2 Mean and standard errors of the JND and PSS values (in ms) under

the five conditons.

Condition JND PSS
Mean Standard Error Mean Standard Error
Voluntary  Predictable 39.9 7.8 -14.7 3.4
Unpredictable 45.5 10.1 -16.1 4.3
Involuntary Predictable 57.8 13.6 -21.7 7.6
Unpredictable 55.0 14.3 -10.4 7.9
Passive 67.2 194 -19.0 12.7
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