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voomg ABSTRACT 1. EXPEriment 1: Lateralization Experiment 2: Discrimination Comparison across age and condition

Motivated bé/ Ithe flgcttt_hat blj!ﬁlt(irr]ally tirr]nplanted Clhfi1|dre'n Sh(l\)lvl\—ll significantly *Subjects were given ten repetitions of the Methods *On tasks of discrimination, a t-test found no significant differences (p>0.05)
mfseungenwhcé?ﬁ;?hﬁnczn' bSe a?t?ibu?érdntg”;c?or fiigﬂ?aﬁ se%sﬂﬁiirt? \cl)vre following conditions for all three stimuli. - An adaptive two down, one up between adults and children for either condition or stimuli. This suggests
other factors. When locating sounds, NH listeners use interaural timing - *ITD Conditions | track was used, where the last of adult-like performance on tasks of discrimination.

differences (ITDs), and interaural level differences (ILDs) in the low- *0, £ 50 100, 200, 400, 800 ps 6 reversals were averaged to

frequency fine structure and high frequency envelopes. The challenge when
comparing NH and ClI listeners is to use comparably degraded binaural
cues. This study is the first to systematically test binaural sensitivity in NH

children using Cl simulations, and to demonstrate that binaural sensitivity is Figure 2: Graphical user interface used to
task-dependent. capture the perceived lateral position of the
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Methods stimuli in the lateralization experiment.
Eleven NH children (ages 8-10) participated in two experiments. In by indicating whether the sound
Experiment 1, intra-cranial lateralization was measured for three stimuli: (1) : L - L : - : moved to the right or the left.
Spondaic words, (2) Transposed tones (4 kHz carrier modulated at 125 Hz), 10ﬁ3a) CRO e 10-3h) CMR N li.f FlgUfe 5:_ G_raphlcal user interface used L X
and (3) 500 ms Gaussian-enveloped tone (GET) pulse train (4 kHz center 8- / e al e for discrimination experiment. _ ] _
frequency, 100 pulses per second). ITDs (0, +50, £100, +200, +400, and oL I/ | o ' Transposed Gaussian Transposed Gaussian
+800us) and ILDs (0, £1.5, +3, +6, 9, and +15dB) were imposed on the ©Spondees |91 /9 ° Results : .  Ariminati
stimuli and tested in separate blocks of trials. Prior to beginning Experiment *I| eTransposed [ ] Figures 8a&_b. A_verage_dlscrlmlnatlon D) el D JNDE i IENSpesee #ie
1, children were trained on the task for each set of stimuli. In Experiment 2, 2/{ eGaussian 2} ITDs* G_au55|an stimuli for children and adults.
just noticeable differences (JNDs) were measured for the transposed tone 0 0 ) o _ _ ~:Data taken from current study
and GET. il . *A paired t-test found no significant differences between Gaussian and | || X:Data taken from Kan etal., 2011
Results Transposed ITD JNDs (p > 0.05). +:Data taken from Bernstein &Trahiotis, 2002.
When using binaurally degraded stimuli, preliminary results show children “r ar
have JNDs ranging from ~10-70 ps for ITDs, and ~0.5-2 dB for ILDs. This is 6" il 6/~ . | 6a) 6b ' ianifi ' izati
comparable to the range of JNDs found in adults. In contrast, on the 8- - e ! Individual Subjects ) Average for All Subjects *A paired t-test found no §|gn|f|(?ant differences on tasks of lateralization
lateralization task, children perform significantly worse than adults. Although 10l % o T | 300 300 compared to tasks of discrimination (p>0.05).
children tend to use the same range of ITD and ILD values to indicate 1000 o : o 000 : : :
. . . . . .- - - -1000 -500 0 500 1000
perceived stimulus location, their responses have greater variability across . _ m— . 250 - s Transposed 250 1 9a) 9b)
trials, suggesting either task difficulty or spatially ill-defined perception of Figures 3a&b: Examples of raw data for ITD lateralization from two subjects. The 3 EEm Gaussian
sound images. stimuli are shown. High variability was observed, both between and within subjects. L 200 200 -
COhClUSiOI’lS ITDS " .. . . o 1 Lateralization A [ Lateralization Avg.
. . . . . . . . Pz aterafization Avg. iscrimination Avg.
The novel finding in this study is that NH children showed binaural 300 Individual Subjects 200 Average for All Subjects = 150 - 150 A W Discrimination Avg. =" fon v
discrimination JNDs comparable to adults, suggesting that binaural 43-) @ A o
sensitivity is mature by 8 years of age, even with degraded stimuli. 250 A = ?pondee 100 - 100 - Z =
. . . . e . ransposed 250 a
However, the ability to utilize binaural cues for identifying perceived 2 B Gaussian = =
intracranial locations is immature in NH children. Because lateralization is Z 00 50 - 50 A
proving to be a more challenging task than discrimination, it may be a better 8 200 1
task for assessing binaural maturity. This work offers an important = - 0 6 66 600 006 00 oo 0 "
benchmark for future studies on binaural sensitivity in children with bilateral g | 150 | , :
gl Yy % % % ‘% B R % ‘& © *})o ‘8» Zz Transposed Gaussian Transposed Gaussian
& 100
— 100 ] i . . g g
M ETHODS % Figure 6a: ITD JNDs for the Transposed and Gaussian stimuli by subject. Figures 9a&b: Average ITD and ILD JNDs for Transposed and Gaussian
. . T 50 50 Figure 6b: Average ITD JND across all subjects. stimuli comparing lateralization to discrimination.
*Subjects were tested on three different stimuli while listening
through Etymotic ER-2 headphones. - Y T T R R
D . . : 0- ' ILDs:
famiiarized with the range of ITDs and ILDs. They viere askoc LoBbRLEELLSRE . eract . - CONCLUSIONS
_ ) g ' y *The variability between children, for both ITDs and ILDs, suggests that while | | *An interaction was found between binaural cue and stimulus type. A
to point on their head where the sound was heard. binaural sensitivity in some children is fairly mature, it is still developing in other | | paired t-test showed ILD JNDs were significantly higher for Gaussian -NH children are able to utilize the same range of ITDs and ILDs as
Stimuli Description Rationale children. | o stimuli than Transposed stimuli (p<0.05), indicated with an asterisk (*). adults on tasks of lateralization regardless of stimulus type.
A one-way ANOVA was used to test for differences among the three stimuli for both *Binaural sensitivity at a young age is task dependent. Lateralization
Spondees Disyllabic words To compare free field data ITDs and ILDs. Performance between stimuli did not differ significantly for ITDs 7a) 7b) tasks had similar results to tasks of discrimination, but showed more
(hotdog, toothbrush...)  to headphone data I(EEO-561) or ILDs (p=0.079). 3 Individual Subjects _ _ Average for All Subjects variability than the discrimination tasks.
: Individual Subjects Average for All Subjects . iceriminati i v/
Transposed Tones 4 kHz carrier tone To investigate response to S, J 12 g J On discrimination tasks, children showed sensitivity to ITDs and ILDs
modulated at a rate of  stimuli with only envelope 4b) 10 mm Transposed o comparable to adults, even with degraded stimuli.
125 Hz. ITDs and to compare with 10 - s Spondees 10 1 *Studies of children with BiCls could reveal factors other than binaural
adult lateralization data a e o & 8 maturation, such as neural degradation. This work offers an important
Gaussian Enveloped 4 kHz center To investigate Z s 8 1 S benchmark for future studies on children with BiCls.
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