
Audiovisual (AV) temporal synchrony 
perception: Which level?

Salient feature matching model 
(c.f., Nishida & Johnston, 2002; Fujisaki &Nishida, in press)
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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?

Motion/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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AV 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
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±31~500 ms

Method
Visual stimulus:

Luminance-modulated Gaussian blob 
(0-43 cd /m2 increment from 21.5 cd/m2 background)

Auditory stimulus:
100% amplitude-modulated white noises 

(about 54 dB SPL at the peak of modulation)

Modulation waveforms: 
2 sec random pulse trains 

(Refresh rate: 160 Hz, Pulse prob.: ½, Pulse density: ~80/s )

Task:
AV temporal synchrony-asynchrony discrimination 
Feedback given after each response

Result
AV synchrony discrimination with 

dense random pulse trains was 
nearly impossible

Why impossible?
Limited by either visual or 

auditory peripheral processing?
No. →Appendix 1

What is the limiting factor?
Density (not temporal 

frequency components) 
→Appendix 2, 3, 4
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Suggests AV temporal synchrony perception is a mid-
level feature-matching process

N=5

Expt. 2: Sparse in dense random pulse trains

Is AV temporal synchrony perception really a salient 
feature-based process?

Alternative hypothesis: direct comparisons of all AV signals
If feature based, embedding sparse temporal features in a dense 

random pulse trains may help performing the task
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Distinctive AV stimuli (red flashes/ 
high-pitch pips) were embedded in  
dense random pulse trains (~80 
pulses/s) made of white flashes/ 
low-pitch pips.
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Result

N=5 Embedding 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’?
Did not color/pitch difference 

completely exclude the crowding 
effect by background trains?

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

Sparse Dense

Delay: -250 ms

Result
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N=5

Significant differences were 
found between 

w/ & w/o probe
w/o probe & w/ probe, 

color shuffled

Subjects’ prior knowledge 
about synchronized target 
color improved performance.

[Two within participants factors:
Stimulus presentation type (3)* Stimulus density (3). Main 
effects of stimulus presentation(F(2,8)=51.23, p<.01) and 
stimulus density(F(2,8)=31.51, p<.01) were both significant. 
Interaction was not significant. Results of Tukey’s HSD on 
stimulus type are shown in the figure]

**

**

Top-down attention 
can select matching 
features

Delay: -250 ms

Expt. 3b: 
Pitch-alternating random pulse trains
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Result

N=5

[Two within participants factors:
Stimulus presentation type (3)* Stimulus density (3). Main 
effects of stimulus presentation(F(2,8)=32.50, p<.01) and 
stimulus density(F(2,8)=25.45, p<.01) were both 
significant. Interaction was not significant. Results of 
Tukey’s HSD on stimulus type are shown in the figure]

**

**

*

Significant differences were 
found between 

w/ & w/o probe
w/ probe & w/o probe, 

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

pitch shuffled

Subjects’ prior knowledge about 
synchronized target pitch 
improved performance.

Even without a probe, when the 
target pitch remained constant 
throughout a trial, subject could 
utilize pitch information to 
segregate a target from a 
background.

different from Expt. 3a
AV asymmetric effect?

Delay: -250 ms

Summary

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

The synchrony judgment was considerably improved when the 
stimulus included temporally sparse distinctive stimuli embedded in a 
dense pulse train. 

Prior knowledge about a matching attribute improved the synchrony 
judgment. 

These results suggest AV temporal synchrony perception is 
based on temporally sparse features that are made salient by 
stimulus-driven processes or top-down attention.

Discussion

Overall results support the salient feature extraction model
AV temporal synchrony perception is a mid-level feature 

matching process (not a low-level, raw sensory signal matching 
process).
Comparisons based on salient temporal features

Beneficial to avoid false matching, combinational explosion
Compare V and A signals with a common language 

(=salience)
Temporal limit = salient feature extraction limit?  

Waka Fujisaki* Shin’ya Nishida 
NTT Communication Science Laboratories,

NTT Corporation, Japan
*currently supported by JSPS Research Fellowships for Young Scientists

Feature-based post-attentive processing for temporal synchrony 
perception of audiovisual signals revealed by random pulse trains

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 
from a background by bottom-up segmentation
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Appendix 1: Dense random pulse trains 
(within modality)
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N=5

VV:
Left half flicker vs. right 
half flicker (Gap 0.15 deg)

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

Density: Pulse density: 
~80/s )

Time lag: -250 ms 

Almost perfect performance in both VV and AA conditions

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

Appendix 2: High-cut random pulse trains

Delay: -250 ms
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Removing high TF 
modulations from the dense 
random pulse train made AV 
synchrony discrimination 
easier.

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

Appendix 3: Sparse random pulse trains
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Reducing pulse densities 
also made the task easier.

Suggests the 
individuation or isolation 
of temporal features is a 
key factor.

Not  ‘frequency’ but 
‘density’ (sparseness) 
is important.

Is the density limit 
determined by

V density limit?
A density limit?

Appendix 4

Delay: -250 ms

N=5

Appendix 4: Matching sparse and dense random 
pulse trains
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Fixing the stimulus density of one modality sparse 
while changing the other from sparse to dense did 
not improve performance.
Little difference between A fix and V fix 
Density limit was not determined by either V or A 

density limit alone.

Why is sparse-dense performance even worse 
than dense-dense performance?

difficult to compare different temporal 
structures?

V

A

V

A

V

A

…

…

…

A fixed

V fixed

Both changed

time

time

time
Delay: -250 ms

References 
Braddick O. (1974). A short-range process in apparent motion. Vision Res. 1974 Jul;14(7):519-27. 
Fujisaki, W. & Nishida, S. (in press). Temporal frequency characteristics of synchrony-asynchrony discrimination of audio-

visual signals. Experimental Brain Research. 
Julesz, B. (1971). Foundations of cyclopean perception. Chicago: University of Chicago Press. 
Lu ZL, Sperling G. (2001). Three-systems theory of human visual motion perception: review and update, J Opt Soc Am A 

Opt Image Sci Vis. Sep;18(9):2331-70.
Nishida, S. & Johnston, A. (2002). Marker correspondence, not processing latency, determines temporal binding of visual 

attributes. Curr Biol 12, 359-68.

E-mail: fujisaki@avg.brl.ntt.co.jp, nishida@brl.ntt.co.jp

* c.f. Lu & Sperling (2001)

First frame Second frame

Random-dot kinematogram


	Feature-based post-attentive processing for temporal synchrony perception of audiovisual signals revealed by random pulse tra


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


