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The processing of language comprehension is known to involve brain areas of the
perisylvian cortex bilaterally. Especially the superior temporal gyrus (STG) and the
inferior frontal gyrus (IFG) are well described in their contribution to particular
subprocesses during online language comprehension [1,2]. The STG contributes to both
semantic and syntactic processing [3]. Semantic processes are supported by inferior
frontal and inferior prefrontal cortex whenever strategic processes are required, whereas
the temporal regions are activated in a variety of tasks and paradigms [4]. In syntactic
processing, BA44/45 in the IFG is involved when processing demands increase, whereas
the frontal operculum (FOP) is already active at local phrase structure building [5].

The processing of language in children involves brain areas that are known from adults
[6]. However, there have been few attempts to investigate in detail different aspects of
information during language comprehension in children. The poster presents first results
of an ongoing study about auditory language processing in preschool children.

Participants
11 children (4 male, mean age = 6;2, SD = 0;8) and 11 adults (5 male, mean age = 26,
SD = 2;9) participated in the study. All children showed typical development for their
age, without any known psychological or neurological deficits.

Procedure
Stimuli (Table 1) were auditorily presented via headphones. Adult participants listened
to 50 trials of each condition and children to 30 trials. Stimuli were pseudo-randomized,
and participants were asked to judge the correctness of each sentence by pressing a
button provided.

Functional MRI
The study was conducted on a 3 Tesla Siemens TRIO (Erlangen, Germany). A gradient-
echo EPI sequence was used with the following parameters: TE 30 msec, flip angle 90°,
TR 2000 ms, acquisition bandwidth 100 kHz, Matrix 64 x 64 voxels, FOV 192 mm,
and an in-plane resolution of 3x3 mm. 20 slices were acquired.

Data analysis
Data analysis was conducted using the LIPSIA Software Package [7].
Pre-processing steps comprised offline motion correction and slicetime correction
(cubic-spline-interpolation). A temporal highpass filter (cut-off frequency 1/60 Hz) and
a spatial Gaussian filter (FWHM = 4.239 mm) were used. Data were rigid linear and
nonlinear registered.
Statistical evaluation was done by means of a GLM random effects analysis. Only
activations exceeding z > 3.09 (p < 0.001), uncorrected, are reported.

The adult network of auditory language comprehension
included the superior temporal gyrus together with the deep
frontal operculum, but the inferior frontal cortex only below
threshold. Children utilized typical language-related
perisylvian brain areas, however, they showed a more
enhanced activation compared to adults. Their STG response
was stronger and more broadly distributed. They additionally
recruited parts of inferior and middle frontal gyrus. Those
assisting brain areas in children are known to participate in
more controlled processing. Whereas in adults an apparently
less complex network seems to be sufficient to process simple
structured sentences appropriate for preschoolers. The
children’s extended activation pattern might reflect higher
processing demands and possibly neural plasticity underlying
ongoing development of language-related brain areas.

[1] Friederici AD. Towards a neural basis of auditory sentence processing.
Trends Cogn. Sci 2002; 6(2):78-84.

[2] Hagoort P. On Broca, brain, and binding: a new framework. Trends in
Cognitive Sciences 2005; 9(9):416-423.

[3] Friederici AD, Rüschemeyer SA, Hahne A, Fiebach CJ. The role of
left inferior frontal and superior temporal cortex in sentence
comprehension: Localizing syntactic and semantic processes. Cereb.
Cortex 2003; 13(2):170-177.

[4] Fiez JA. Phonology, semantics, and the role of the left inferior prefrontal
cortex. Human Brain Mapping 1997; 5(2):79-83.

[5] Friederici AD, Bahlmann J, Heim S, Schubotz RI, Anwander A. The
brain differentiates human and non-human grammars: Functional
localization and structural connectivity. PNAS 2006; 103(7):2458-2463.

[6] Holland SK, Plante E, Weber Byars A, Strawsburg RH, Schmithorst
VJ, Ball JWS. Normal fMRI Brain Activation Patterns in Children
Performing a Verb Generation Task. NeuroImage 2001; 14(4):837-843.

[7] Lohmann G, Müller K, Bosch V, et al. LIPSIA - a new software system
for the evaluation of functional magnetic resonance images of the
human brain. Computerized Medical Imaging and Graphics 2001;
25(6):449-457.

C
o

rr
ec

t 
co

n
d

it
io

n
 (

co
r)

S
em

an
ti

c 
vi

o
la

ti
o

n
 (

se
m

)
S

yn
ta

ci
c 

vi
o

la
ti

o
n

 (
sy

n
)

S
yn

ta
ci

c 
vi

o
la

ti
o

n
 (

sy
n

)

+3.09

+3.78

+3.09

+4.14

+3.09

+3.96

x = -55

z = 0

C
o

rr
ec

t 
co

n
d

it
io

n
 (

co
r)

S
em

an
ti

c 
vi

o
la

ti
o

n
 (

se
m

)
S

yn
ta

ci
c 

vi
o

la
ti

o
n

 (
sy

n
)

S
yn

ta
ci

c 
vi

o
la

ti
o

n
 (

sy
n

)

+3.09

+5.13x = -50

+3.09

+5.21

Stimuli

Adults Children

x = -50

x = -50

z = 0

x = -55

x = -55

+3.09

+5.53

+3.09

+5.53

+3.09

+3.96

References

0 2 4 6 8 10 12 14
Time in Seconds

-0.4

-0.2

0

0.2

0.4

0.6

P
er

ce
nt

 S
ig

na
l C

ha
ng

e

cor
syn
sem
nul

(x,y,z) = (-32,27,0)

Performance

0 2 4 6 8 10 12 14
Time in Seconds

-0.4

-0.2

0

0.2

0.4

0.6

P
er

ce
nt

 S
ig

na
l C

ha
ng

e

cor
syn
sem
nul

(x,y,z) = (-35,26,3)FOP

0 2 4 6 8 10 12 14
Time in Seconds

-0.4

-0.2

0

0.2

0.4

0.6

P
er

ce
nt

 S
ig

na
l C

ha
ng

e

cor
syn
sem
nul

Broca (x,y,z) = (-50,17,21)

FOP

90

100

80

70

60

50

40

30

20

10

0
children adults

pe
rc

en
t c

or
re

ct

syntaxsemanticcorrect



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


