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Functional connectivity between sensory and multimodal cortex in deaf and hearing adults \
revealed by time-lagged cross-correlation of the “fast” optical signal

Jenessa L. Seymour’!, Monica Fabiani'43, Gabriele Gratton’<3, Antonio Chiarelli?, Kathy A. Low?, Ed Maclin?, Kyle E. Matthewson?, & Matthew W. G. Dye'43% N —

=0

1 Neuroscience Program 2 Beckman Institute for Advanced Science and Technology 3 Department of Psychology 4 Department of Speech and Hearing Science 5 Center on Health, Aging and Disability
Abstract Behavioral Results ROI Analysis: posterior ST area
« Early deafness causes changes in peripheral visual 400 ' presentation Time Required cosy o SSTS Left Activity —
attention 350 - for 80% Accuracy RIS / . Tl 1T ”\
* The useful field of view (UFOV) task has shown 300 - B Deaf b < 004 M { \ |- "/,\ : E /\\- U i
that deaf subjects have lower presentation duration 250 o oo ~os 1/ NET /L \\’ 1] /_ | \ / BAY "/ N
thresholds for determining the location of a peripheral 200 - hearing N Y1 \ ] AT ik ,Lk /-
target among distractors while performing a FIXATION —————————eee | 150 - ‘l\i;'i 51 128 | 205 (282 3587 435 512 58S o5 74z 819/ u%6 3-- 1,050
concurrent central discrimination task [1 Y T AT LD N T --
_ 1] STIMULUS == 100 T /% AN NS INLE
» The current study: MASK ~ A1 L |1 LT __
« Seeks to determine which areas of the brain are RESPONSE 0 <] 1! \ L " /
related to this enhanced processing 0 - | %\ o e ()
- Uses the eventrelated optical signal (EROS). an | EOOONIECE 100 SN SO00R T ]| e e
imaging modality with similar spatial resolution to - ) | —  Hearing |
fMRI and a temporal resolution comparable to EEG g [ 1
» Spatial regions of interest include: Method ROI Analysis: All SUbjeCtS _tcu 5 A
« V1/V2, lingual gyrus, primary auditory cortex Useful Field Of View Task —. Peak Peak Mean Delay A 0
« PPC, posterior STG/STS « 2-AFC discrimination task at center e zmcey“m": SRR SRS g’;::se::‘:zg g R7Z 4% hmil Rand 52 p% | PEIRE 1 5 NP X
* Temporal regions Of intereSt - Undeﬁned ’ _ |._Oca|izati0n taSk at 200 V1-V2 -2 -86 2 153 ms? cuneus 1.732 2227 0.892 e | | | ] ||
» Functional connectivity between ROIls determined using Partlcflpan.ts | PP / \ R
time-lagged forward cross-correlation of neural time /7 Deaf native signers 12 hearing non-signers | o R * J
series (seed = ROl peak, model = Granger causality) HL: M =110 dB PTA S e i SEEEN—— S Time (ms)
_ ] _ _ posterior parietal cortex -36 -40 52 486 ms IPL 1.292 1953 0.480
* No deaf-hearing group differences at time points of peak | | *
aCtivatiOn (IOW pOwer?) . . . . posterior superior temporal cortex -48 -36 8 870 ms? MTG 2.019 2.466" 0.205
. Deaf-hearing activation differences observed in Diffusive Optical Imaging RESESSAieoty 5 23 10 Btdms o STG 1015 2508 0247 Discussion
pos.,terllor superior temporal regions — differing phase of ISS Imagent frequency domain oxymeter Henhemisphere * Replication of Deaf advantage for localization of
activation between groups (83() ) lingual gyrus 23 -71 -2 51ms* lingualgyrus 1.074 1810 0.900 peripheral visual stimuli
64 IR sources nm
osterior parietal cortex -5 5 ms? . 295" :
’ i o o e e e » Useful Field of View task recruits visual, auditory and
¢ 24 phOton deteCtorS osterior superior temporal cortex 56 -40 8 819 ms? MTG 0.563 2.180" 0.352 . .
Introduction ’ ¥ ¥ | | | multisensory cortices
° DV — phase delay primary auditory 55 -25 10 691 ms® postcentral 1.789 1.852 0476 G _ _ ]
gyrus * Greater involvement of the right hemisphere compared
 Many studies show enhancement of visual function in A ST to left hemisphere
deaf individuals only for attentionally-demanding tasks e o £ " Activity significantly greater than baseline (p < .05) L . . .
. . . . o T Fodle >\ e %A * Replication of right-lateralized hyper-recruitment of
in the periphery or in motion [2-3] o 7S Jedth ol 77 ATy A . . .
e . ' posterior superior temporal areas in the Deaf
* In contrast, deaf individuals do not show basic sensory 3 ﬁ | | | o
threshold differences from their hearing peers, when the S ROI Analysis: posterior ST area * RH posterior ST recruitment linked to behavior in Deaf
location and timing of the stimulus is known [1, 2-4]. . but not in hearing
* This suggests that basic psychophysical differences : / » Some evidence for stronger functional connectivity in
padr)n%t afcount for better performance in deaf , o - right hemisphere in Deaf (V1/V2 — lingual gyrus —
iIndividuals R

posterior ST), but more data needed
* Brain imaging studies show that deaf individuals have

different patterns of activation accompanying these |
changes in performance Temporal filter = 1-6 Hz

Spatial filter = 8 mm

Coverage area: occipital, temporal, parietal - - References
o DEAF > HEARING contrast (RH) at 691 and 716 ms
o, NG Coverage depth: 2-3 cm 1] Dye, et al. (2009) PLOS ONE 4: 1-7
e O -~ 2] Bosworth and Dobkins (2002). Brain Cogn 49: 152—-169
8’4 We_3 2 - Posterior ST . UFOV threshold 3] Codina et al. (2011) Dev Sci 14: 725—-737
R ‘% _ Functional Network o 4] Brozinsky and Bavelier (2004) Cogn Brain Res 21: 1-10
T P & e o [epeat 5] Finney et al. (2003) NeuroReport 14: 1425-1427
Y : ' 400~ ° O Hearing 6] Fine et al. (2005) J Cogn Neurosci 17: 1621-1637
1.847* /1 1.271 350 - O y = 8x + 279
R?=0.003
Hypotheses o o I o
250 - . " Acknowledgments
» Deaf subjects will outperform their hearing peers on the 200 - 0 O Hearlng R+ < .01 National Science Foundation, Grant Number SBE-1041725

peripheral task
* Deaf subjects will show greater activation of pST during
the task — confined to right hemisphere [5-6]
* A functional network underlying task performance will
involve visual and auditory sensory areas
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