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1 Introduction

1.1 Auditory scene analysis
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membrane, which leads to that auditory spatial information
cannot be represented as a simple one-to-one mapping at the
level of the peripheral receptors, but must be computed from
binaural-difference cues, including the interaural level differ-
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Dorsal “Where™ (space-related) auditory streams

Ventral “What” (object-related) auditory streams

Fig. 3 Prefrontal connections of auditory cortex in macaque monkeys.

Adapted from reference'’.

nonspatial (i.e., areas 10,12vl, rostral 46d) areas in prefrontal
cortex " 192" % (Fig_ 3),

2 “What” and “where” pathways in human

auditory cortex

Here we start to review the recently published litera-
tures related with investigations of the existence of “what”
and “where” auditory processing streams in human cerebral
cortex, including non-invasive studies using fMRI, electrical
event-related potentials (ERPs), magnetoencephalography
(MEG), and cortical lesion methods. MEG measures the weak
magnetic fields produced by electric currents flowing in
neurons, and is a useful non-invasive technique for investi-
gating human cerebral cortex activity with the time resolu-
tion better than 1 ms and the spatial resolution of 2-3 mm*,
2.1 Human auditory cortex anatomy Human auditory cor-
tex shares the similar organizational scheme with the macaque
and other primates, consisting of a central primary area, the
core ( Brodmann areas 41 and 42; Heschl’s gyrus, HG), which
is tonotopically organized and surrounded by multiple non-
primary fields (Brodmann area 22, planum temporale: PT)***!
(for a review see"™; Fig. 4).

2.2 Non-invasive studies

2.2.1 Functional imaging studies Using identical noise
bursts in both the pitch and spatial discrimination tasks with
differing instructions to human subjects, Alain et al. assessed
participants’ regional cerebral activity associating with the
pitch task and spatial discrimination task, respectively™. By
pressing one of three buttons, participants indicated whether
the second noise burst (S2) was lower, identical, or higher in
pitch than the frst noise burst (S1), regardless of its location;

Fig. 4 Schematic drawings of the horizontal view of principal auditory

areas in the human left STG. Adapted from reference™".

or S2 was at a leftward, an identical, or a rightward position
relative to S1, regardless of changes in pitch. They directly
compared the changes in hemodynamic responses obtained
during the pitch task with changes in the responses obtained
during the location task. Primary auditory cortices, extend-
ing anteriorly to auditory association cortices on STP and
the right inferior frontal gyrus had greater activation associ-
ated with the pitch judgment. Conversely, selectively pro-
cessing sound locations was associated with the enhanced
blood-oxygen-level dependent (BOLD) signal in bilateral
posterior temporal areas, inferior and superior parietal corti-
ces compared with the pitch judgment. This study provides
the direct evidence that the neural systems involved in iden-
tifying and localizing auditory objects are functionally and
neuroanatomically segregated based on task demands even
when stimuli are identical across tasks.

Nevertheless, studies in this line of dissociation of
“where” and “what” processing have adopted working
memory paradigms that require sound information to be
perceived, temporarily stored, reorganized, and then com-
pared with a test stimulus. Thus the spatial- and nonspatial-
processing dissociation in neural pathways may result from
numerous cognitive processes. The dissociation can take
place at the time intervals of slow evoked responses of P3
and positive slow wave (PSW): the occipito-temporal gen-
erator of the P3 is activated more strongly during the perfor-
mance of the location task, while the activity of the temporal
generator of the PSW is enhanced during working memory
processing of sound pitch®. In addition, the “where”-ver-
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auditory stimuli for performing either a semantic content rec-
ognition or a spatial position localization matching task™".
The fMRI results show that the cross-modal localization task
elicited more activity than the recognition task in bilateral
precuneus, right IPL, right intraparietal sulcus, and the right
superior occipital cortex. Regions responding to the cross-
modal recognition task more than the localization task were
found in the bilateral inferior occipital gyrus and the left lat-
eral temporal cortex including the anterior part of STS and
STG.

2.3 Lesion studies Clinical disorders of central auditory
function have also shown that the dissociation between
sound localization and sound recognition associated with
distinct cerebral lesion regions. Patients with severely defi-
cient in recognition of environmental sounds but normal in

auditory localization had the lesion in some regions, includ-
ing the left superior, middle and inferior temporal gyri, lateral
auditory areas, and the anterior parts of the temporal lobe.
However, severely deficient in auditory motion perception
and partially defcient in auditory localization, but normal in
recognition of environmental sounds, was accompanied with
damage to a dorsal temporo-parieto-frontal region®®***,

3 Summary

The dual-pathway auditory-processing model is sum-
marized in Fig. 5. Based on the existing literatures mentioned
in this review article, it is clear that the segregation as well as
the interaction of the spatial-feature processing and non-
spatial-feature processing refects one of most important func-
tional organizations of human auditory cortex. Here we pro-

The auditory dual-pathway in human cortex

Fig.5 The dual-pathway model for explaining auditory processing in human cortex. The wave color of red and blue indicate the different pitch

information. The yellow pathway indicates the spatial information pathway. The pink pathway indicates the nonspatial information pathway.



Acknowledgements:

References:

, et al.

et al.



etal.

et al.

, etal.

,etal.

et al.



et al.

et al.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c67656253520067k flasrges true
  /MonoImageDownsampleType /Bicubic
  /MonoImagatFOfd94e9b8Tbe5b9a521b5efa901400200a2d7f6egeDowacb00650020005000440046002065876863900275284e8e55464e1a4ef690695efa65bc666e901a770b52d94e1a4ef6300260a853ef4ee5oIm775280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c67656253520067k  (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)fd94e9JPNbe5b9a30d330b830cd30b9658766f8306e8868793a304a3088307353702036056b90693056055f53ca665000440046002065876863900275284e8e5542658766f8306e4f5c6210056b4f7f75283056057e305905473053306e8a2d5b9a30674f5c62100555058c055f53ca660275284e8e554230d505a105a430eb306f300100740020548c002000410064006f0062304a30883073002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4ee5964d3067958b304f30533068304c3067304d057e305905473053306e8a2d5b9a3067306f30d505a905f330c8306e57cb30818fbc307f3092884c3044057e30590547Ofd94e9KORbe5b9ac76f0062c124c815c74f0062c0acc6a9d558c5e50020be44c988b2c8c2af0062bb38c11cb9750020c548c815c801c73cb8550020bcf4ace8672cc768c1c4d558b29f0062b378672ca500c7a50072c801d569d5550020005200650061006400650072002275284e8e5542bb38c11cb9750020c791c131d569b2c8b2e0007e0072c76fb807ac8c0020c791c131b41c0072002275284e8e5542bb38c11cb29f006200740020548c002000410064006f0062bc0f53ca66500044004600206587686390000035002e003000204ee553ca66f49ad87248672cc76fc2c1c5d0c11c0020c5ff0062c218672cc788c2b5b2c8b2e0007eOfd94e9NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)>>
>> setdistillerparams
<<fd9/HWResolution [284e 284e]fd9/PageSize [595.276 841.89e]f>> setpagedevice




