Feature-based post-attentive processing for temporal synchrony
perception of audiovisual signals revealed by random pulse trains
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Expt. 3b:
Pitch-alternating random pulse trains
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Is it really impossible that AV temporal synchrony is
detected by low-level sensory signal matching?

Is AV temporal synchrony perception a low-level
process or a higher level process?

oMotion/stereo-depth perception with dense random-dot stimuli has
been regarded as the evidence of low-level (pre-attentive) signal
matching without explicit identification of matching features (e.g.,
Julesz, 1971; Braddick, 1974).
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* cf. Lu & Sperling (2001

DAV temporal synchrony can be correctly perceived for analogous
dense random stimuli, if it is detected pre-attentively without
identification of matching features.
>Test AV temporal synchrony perception by means of synchrony-
asynchrony discrimination with a temporally dense random pulse
train made of luminance and sound-amplitude modulations

Expt. 1: Dense random pulse trains -|

Method
oVisual stimulus:

Is AV temporal synchrony perception really a salient
feature-based process?
mAlternative hypothesis: direct comparisons of all AV signals

olf feature based, embedding sparse temporal features in a dense

random pulse trains may help performing the task —

oDistinctive AV stimuli (red flashes/
high-pitch pips) were embedded in
dense random pulse trains (~80
pulses/s) made of white flashes/
low-pitch pips.

Control (only red flashes / high-pitch pips)

a) Pre-cueing which pitch to attend by a probe
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b) No probe c) No probe, pitch shuffled

Delay: -250 ms

N=5 |OEmbedding sparse distinctive
stimuli in dense random pulse
trains improved the synchrony-
asynchrony judgments.

=Why was the performance not as
high as that with the sparse target
stimuli alone?

>Was color ‘red’ sensory masked by
‘white?

Proportion correct

»Did not color/lpltch difference
completely exclude the crowding

“S-Redon effect by background trains?
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Density limit was not determined by the signal itself,
but by the density of salient temporal features.
= AV synchrony perception is a feature-matching
process

Expt. 3a:
Color-alternating random pulse trains

In Expt. 2, temporal features could be made salient either by stimulus-|
driven processes or top-down attention.

Can the temporal features be defined solely by top-
down attention?

Test with the stimuli in which salient features cannot be segregated

Result

Delay: -250 ms

oSignificant differences were
N=5 found between

=w/ & w/o probe
=W/ probe & w/o probe,
pitch shuffled

=w/o probe & wj/o probe,
pitch shuffled

Proportion correct

oSubjects’ prior knowledge about
synchronized target pitch
improved performance.

wi probe  w/o probe  wio probe,

pichshuffes - OEven without a probe, when the

target pitch remained constant
throughout a trial, subject could
utilize pitch information to
segregate a target from a
background.
ndifferent from Expt. 3a
»AV asymmetric effect?

[Two within participants factors:
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‘Tukey's HSD on stimulus type are shown in the figure]

Summary

DAV temporal synchrony perception, tested by means of synchrony-
asynchrony discrimination, was nearly impossible with temporally
dense random pulse trains.

aLuminance-modulated Gaussian blob from a background by bottom-up segmentation

oThe synchrony judgment was considerably improved when the
(0-43 cd /m? increment from 21.5 cd/m? background) stimulus included temporally sparse distinctive stimuli embedded in a

dense pulse train.

a) Pre-cueing what color to attend by a probe

oDAuditory stimulus:

=100% amplitude-modulated white noises
(about 54 dB SPL at the peak of modulation)

¢ » .

oModulation waveforms: Time

oPrior knowledge about a matching attribute improved the synchrony
judgment.

w2 sec random pulse trains
(Refresh rate: 160 Hz, Pulse prob.: 2, Pulse density: ~80/s )

>These results suggest AV temporal synchrony perception is
based on temporally sparse features that are made salient by
driven processes or top-down attention.
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oTask: L3
mAV temporal synchrony-asynchrony discrimination
mFeedback given after each response
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c) No probe & color shuffled Discussion
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oOverall results support the salient feature extraction model
wAV temporal synchrony perception is a mid-level feature
matching process (not a low-level, raw sensory signal matching
process).

mComparisons based on salient temporal features
>Beneficial to avoid false matching, combinational explosion

»~Compare V and A signals with a common language
(=salience)

mTemporal limit = salient feature extraction limit?

Result
DAV synchrony discrimination with Result
dense random pulse trains was

nearly impossible

Delay: -250 ms

oSignificant differences were
found between
=w/ & w/o probe
=w/o probe & w/ probe,
color shuffled

e
a

oWhy impossible?
sLimited by either visual or
auditory peripheral processing?
»No. —Appendix 1

oSubjects’ prior knowledge
about synchronized target
color improved performance.

Proportion correct
o
&

Proportion correct

m\What is the limiting factor?
100 »Density (not temporal

Time lag (ms) frequency components)

—Appendix 2, 3, 4
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Top-down attention
can select matching
features
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Suggests AV temporal synchrony perception is a mid-
level feature-matching process
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Appendix 1: Dense random pulse trains
(within modahty)

§ Cutoff: 4Hz 16Hz =Removing high TF Density: ~5/s ___~20/s __m=Reducing pulse densities
. ] modulations from the dense L & AL also made the task easier. A fixed
Left half flicker vs. right k 4 L] random pulse train made AV i Tk ——
half flicker (Gap 0.15 deg) - e

Appendix 2: High-cut random pulse trains Appendix 3: Sparse random pulse trains Appendix 4: Matching sparse and dense random

pulse trains

synchrony discrimination et e © mSUggests the
easier. individuation or isolation V fixed
of temporal features is a
key factor.
=Not ‘frequency’ but
“density’ (sparseness)
is important.

AA:
Left ear flutter vs. right ear
flutter (carriers were
uncorrelated)

—

Delay: -250 ms

Delay: -250 ms.

Proporton corect

sIndicates that the dense
random pulse trains
contained a certain amount
of detectable low-frequency
components; however, those
were somehow
masked by high-frequency
components and therefore
could not be extracted from
dense random pulse trains.

Vi ¥
goth changed

Density: Pulse density:
~80/s )

wFixing the stimulus density of one modality sparse
while changing the other from sparse to dense did

not improve performance.

alittle difference between A fix and V fix

wDensity limit was not determined by either V or A

density limit alone.

uls the density limit
determined by
nV density limit?
=A density limit?
-> Appendix 4

Proportion correct
Proportion correct

Time lag: -250 ms

wAlmost perfect performance in both VW and AA conditions

Proporton corect

mindicates result of Expt.1 was not due to the limit of within-modal
peripheral processing

wWhy is sparse-dense performance even worse
than dense-dense performance?
difficult to compare different temporal
structures?
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