The Effect of "Awake and Behaving” on Cortical Processing of Binaural Spatial Cues

n Higgins NC and Stecker GC

Department of Hearing and Speech Sciences Vanderbilt University

VANDERBILT

Background Voxel-based BOLD Signal Estimation and ROl Analysis Response Effect across Task

Measurement of brain activation in awake and behaving subjects is ideal for 11D ITD
understanding functional processing of stimulus features and the interaction with
behavioral output. Separating out the independent contributions of sensory = Standard preprocessing: motion correction, high pass
processing, task-related attention, and the motor response prior to behavior can be filtering (0.01 Hz), individual subject registration using FSL Location LD ITD
ifficult, particularly with fMRI, an imaging modality with limited spatial and temporal 1 1
difficu » paretiarly W, @ agngr odality P P = Z-transform timecourse of the Hemodynamic Response Task £ £
resolution. Previous studies on human auditory cortex (AC) have revealed Function (HRF) for each voxel and interpolate for each trial S S
modulation effects of task-related attention (Petkov et al. 2004; Woods et al. 2009; P The Effect of Task on Response vs " Fesponses — 05 z05
Rinne et al. 2012), and AC is known to respond to non-auditory/multimodal events » Regress 12 s HRF post-stimulus with standard HRF Non-Response. Non-Taraet Trial ' B Right Hemisphere 8 jL-l 8
. et . p ’ ge rails M Left Hemisphere 0 R R 0
(Brosch et al., 2005), in addition to sending motor output. However, many (Glover 1999). LH RH RH
unanswered questions regarding the interaction of stimulus features, task-related _ . . _ - As observed for the whole data set, Response Trials . Non-Response Trials Response Trials  Non-Response Trials
activation, and behavioral responses remain. * The _rgsult!ng bet_a we!ght from the regression analysis | | | 6+ response trials obscure \ . ) ; .
quantifies single-trial stimulus-related activation for each - A region of interest (ROI) defined .the contralaterally dominant tuning, and = 1 = 1 = 1 = 1
Hypothesis 1: Increase in BOLD signal voxel. | | auditory cortex (AC) based o,n Desikan et al. exhibit increased variability across % 0.5 % 05 ;;; 05 % 05
What we know: o S|ng|e Trial (2006)_ parcellat_lon of Heschl's Gyrus and subjects. 3 B 3 B 4}7 =
'_ 5 _ posterior Superior Temporal Gyrus.
Contralateral blaS %05 3 20 dB = " Figures Above and R/ght Sound-Silence = Pat’sern OT Increased BOLD Signal 05759 II?D 20 05750 II?D 20 ~0-57800 I'IQD 800 057800 I'IQD 800
A o 2 2 statistical contrast based on beta weights | resh magnitude is observed for Pitch and
- 5 1 _ 8 1 = calculated for each voxel. Visual task, but not during the |
2 | @RH -#-LH I L0 § 5| « Progression of figures illustrates projection Location task. Pitch P |
$ Processing/ - . - of functional data from 3-d, to 2-d surface 0 = Pattern of results is conserved for Task 5 5
g 0.5_%</// Behaving > ggzgi’tf?ce_srljn?r:]éncreased Feature 2 ; 0 5 A58 io 20 voxels plotted using Mollweide coordinates. . both ILD and ITD, data collected with e %o.s- ;%:o.s
2 \ 1 Time (s) (leftward) | p (rightward) > Posterior independent imaging runs. L eepenee 3 - . 3
= g ight Hemisphere 0 NR NR 0
o) - _ S _ _ M Left Hemisphere
z ey  (Right) 8 = Effects of behavior are complicated! p - i i
20 O 20 005 I Response Trials Non-Response Trials Response Trials Non-Response Trials
ILD (dB) o ! . )
£ 1 1 1
2 et (Right)
-20 0 20

ILD (dB)

beta weight
o
(&)
beta weight
o
3
beta weight
beta weight

o
o
o

|
o
[d))

|
o
[3)]

Comparison of Response vs. non-Response, non-Target trials.

Experimental Design
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» Task blocks presented in random order, 30 seconds duration, 7 blocks per

run, 10 trials in each block. -800 us (L) -400 us — Left Hemisphere

Response Trials

» Increased BOLD signal magnitude likely reflects recruitment of mixed type
(auditory and multisensory) cortical processes (e.g. neurons) that may not be as
— LD - Hit Trinls LD - False sensitive to spatial cues as auditory processes. Brosch et al. (2005) reported the
B e Alarm Trials majority of A1 neurons to be multisensory, and a minority (41%) auditory only.
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= This effect is mitigated in the location task, where no significant BOLD signal

Acoustic Stimuli: trains of 16 white noise bursts, 1 ms burst duration, burst rate , : _ ,
magnitude difference is observed between the response and non-response ftrials.
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