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INTRODUCTION 

Ql liSTIOX 

Does 1he network of brain areas dedicared to phoneric processing change over 

development? 

Brain \rta, for Pho11,·tk P.-o,·c"ing in ,\dnlh 
Lcrt•lalcralizcd network uf brain areas. including Broca's and Wcrnickt!'s Arca:;, im·olvcd in 
phonetic processing in adultsJ.9.II determined by 

.PJmncmic significance in mttin hmguageZ.S 
•Fast temporal clmn1clcristic.'i of s11i:cch stimuliJ 

Phonclk l'rc1l'l''-."'i11g Throughoul l>C\'cl4>pmcnt 
From birth. inrauts discriminate sounds along phonological dimensions, like voice-onscHime 

and ,,lace of :1rticulation'": by 10-12 months, they narrow in on the phonetic inventory of Lhe 
n:tth·e l:mi.:uai,:e1•7•10 

\/:It 

Functional Near Infrared Spectroscop_y (fNIRS) is used as an innovnth·e technology to study 
the de,·clopmcnt ofhntin networks underlying phonetic processing in infant� 

-fNIRS offt=rs a sii,:nific;mt :tdv:mce onir usinJ: pre,·iously a,•aihtblc technologies with 
infants (PET, fMRI) 

METHODS 

Partici11,111h - all En�li,h 11101101i11�ual, 

!Participants 

Stimuli 

� 
1college age 
2·6 months 
�5 

I conditions jstlmuli 
Native En llsh voiceless as !rated 
Non-Native Zulu 
!Control 

All hmguai,:c stimuli were 11roduccd b)' female natin! s1,eakcrs. Nute: current IPA 
for Zulu clicks :ire [la), (llaj. Zulu clicks can not he assimilated to any English 
llhonetic category 

All stimuli equaled for durntiun, mean pitch, mean inlensity ,asing rnmt 

lllork llc,i�n 

English 
15, l2.! 

Zulu 
1s, � 

Syllahle/lone stimuli se11arated by-ls i1l1er-stimulus intcn·itl 

Tone 
15S 

Listening task. Tu muintain infonts' interest, all 11articip:mts ,•icwcd sill'nl video of hrii.:htly 
colored, nu:wing shapes during imagin� dat�1 acquisition 
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NEUROIMAGING 

Functional I':t.·m· lnl'l'arr<l Spcctro�cop_v (f�IRS) 

•rNIRS measures changes in the brain's oxygen level density (HOLD),yiclding 
separate measures of denx:ygenatcd and oxygenated hemoglobin 
•Good temporal (sampling ralr-10 Hz) and spatial resolution, suitable for 
studies of higher cognition (-4cm depth) 
•Tolerates movement heller than fMRI 
•Virtu:1l1y silent, sumll (user friendl)'), <md portable. Ide.ti rur use nith inrunts 
and children 

a. Adult optode array b. Adult �HU co•regis1r1t1ion 

c. Infant oplodc array 

Adults 
Jx5 O1Jtode Array (inleroptodc distance of 3cm) was 1msitioned m1 
1mrtici1mnts' heads hilatcrnll}' using rii.:orous ;umtumical loc11liz.ation 
measures (see II above) 
I 0-20 temporal coordinates (1'3rr4) were ideutilied and served as anchor 
poinl"i for the 011tode array 
MRI Neuro:m:1tomico1I Co-Registrntion was cundm:lcd by ha,·in1,: 
11artici11,111ts (N = 6) wear a 3x5 array with vitamin-E c.upsules in l\·IRI (sec h 
above) 

lnran� 
3x3 Optudc Array (interoptode distance of 3cm) was positioned on 
partici11�111ts' heads bilaterally using a terrycloth hc:tdhand (sec c :tbun•) 

Data ,\n1ui,ilion and .\nal_�si, "ilh 11\IRS 

•fNIRS signals were recorded using a 1/itm:hi ETG-I0QIJ (Adult: 48 ch:urncls; 
lnfonl'-: 24 clnrnnels) with lasers foctory set at 698nm and 830nm 

•Dalo were analyzed :ind ev11lu11tcd using a customized Matlllb-bitsed annlysis 
packai,:c designed lo solve the modilied Beer-Lambert cqu,1tion 

•Analyses conducted on pe:1k clnrn�cs (from buselinc) in oxygenated Hb 

"'CORRESPONl)ING AUTHOR: pclillo@utsc.toronto.c..'l 
http://www.u1sc.u1oron10.ca/-pc1i110/lab/indcx.h1m 

RESULTS 

Adults (n=l l) 
BROCA 'S AREA CIIANNELS 

•Strong and reliable hemispheric asymmetry for English: 
L>R, l{l0)=4.2(1, p<.001 

•l\'l:-1rgimd hemispheric usymmelry for Zulu: L>R, t(IO)=l.45� 
p<.l 

•No hemispheric :isymmetry for Tones: L=R, t(I0)=-.281 11:; 

FRONTAL CONTROL CHANNELS 

•No asymmetries for any stimulus tyf)e 

COMPARISON OF /JROCA 'S a11d CONTROL Cl/ANN ELS 

•SignifiCJmll)' gre;1tcr asynunetry in Broca's lh:m Control for r----------
, English, but not for other two stimulu.'i types -�--

Infants (prcliminnrJ) 

•Amtlyscs for inf:mls arc ongoing. For illustrnth·c puq,ost.'S1 

we 11rcsent the duta for 2 infants in the older group (mc.1111 
aJ:e=I 1 .3 months) for all prcfrunt:tl channels 

IMPLICATIONS 

/·
r.: 

Does the network of brain areas dedicated to plw11etic proces.\·ing change oi·er de1·elop111e11t'! 
YE:s! 

•As predicted, English-s11eaking adults show reliable left lateralization for 1>rocessing English 
syllables in Uroca's Arca, but no l:tterali1..:ttion differences for Tones. English-s1,caking adults also 
show some left latt=rali.zation for processing Zulu click syllables 
•lnfont analyses are still ongoing. Recent studies lL'iing fNIRS lind lcrt la1en1liutlion for m11h·e 
language 1,J10nctic contrasts by 8 month!>..8, Like :1dults, our infants show greater response for 
English in LI-I limn RH, SU)!J.:l'sting some LI-I dedication for phonetic 11rocessing of nath•c 1:rnguage. 
Unlike adults, infants also show greater asymmetry for Zulu tlmn for English, suggesting tlml 
phonetic processing dc,·elops and strengthen m·er time, and confirming 1>re,·ious findings of infants' 
heightened attention to novelty, including unfomiliar sights and novel langm•gc..,;;1 

1\ E\\: fNIRS is indeed a promising technolog)' that can shed new Hght on the neural basis of 
s1>cech and h111gm1ge �cross the lifespanU 
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Thunk you to Calhl Best ror pr01·idi111t the Zulu slimuli 




