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Introduction 1. Measures of Auditory Attention 2. Measures of Executive Function
The ability to attend to target speech while simultaneously ignoring ﬁask: \ @| H Toolbox Cognition Battery wmwniwobocor PR
irrelevant infOrmatiOn iS an extremely impOrtant Skl I I | eSpeCiaI Iy fOr » ldentify target speech in the presence of interfering speech at various target-to-masker ratios (TMRs) and conditions. . Working Memory, List _Sort _Ta_sk: Participants presented with a series of items (food, or food & animals) and | A\
h _ |d h d h f th ] d _ _ d t | Stl mu I | - PR Instructed to verbally repeat the items in size order from smallest to largest. WAL
cni - ren, wno Spen mMucn o elr ay In nO|Sy eaucationa . 5-word closed-set sentences (name, verb, number, adjective, and object)?  Inhibitory Control, Flanker: Participants indicate the direction of the middle arrow while simultaneously inhibiting = =—|e—). —— —)
environments. _ . female talker; Interferer: male talker the other arrows.
QU et — |deal NO  Reference level= 70 dB SPL dane | took | two | new | toy o Attention Shifting, Dimensional Change Card Sort: Target pictures that vary along two dimensions (color,
i " 4 « Positive TMR: Interferer level decreased ; Negative TMR: Target level decreased T TR e e shape) are presented. Participants match the target picture to test pictures for either color or shape, depending on the prompt.
« BICI: presented stimuli via direct audio input to their clinical processors  Bob | found | fie | smal card o
however... « NH: presented with stimuli via headphones e | s [ | e o Other Cognitive Assessments
- on | bed || nine | cold | bess  EXxpressive Vocabulary Expressive Vocabulary Test (EVT)
Procedure: O « Intelligence Quotient Kaufman Brief Intelligence Test (nonverbal) (Kbit)
* Order of conditions, ear to attend to, and TMRs were randomized e e e e e e e e —— - - - - e e e e e === -
e Trials/condition: 5 words/sentence x 10 sentences/block x 2 blocks/TMR = 100 trials/condition Resu |tS: Standard |Zed SCOores for a” EF and Cogn ItIve measures
SOme faCtO IS that may |mpaCt the abl | |ty to hear Speech 1IN Noise « Percent correct (PC) for each condition calculated by creating a psychometric function® 140 - = Mean (+SD) for Other Assessments
 Speech Reception Threshold (SRT) defined as PC=50% 135 - BiCl NH —
CondItionNs (described based on the location of the interferer relative to the target) 130 - ¢ us A CIEU A CSM Non-verbal 1Q | Vocabulary
Condition 1 | Condition 2 | Condition 3| Condition 4 n 125 - - T Bl CIBO O CLG .
- - - - = - D
Spatl al U N maSkl ng Aud |t0 ry Attentl on EXGCUtIVG Fu nCtl on (no interferer) | (contralateral) (ipsilateral) (ipsi+contra) S 120 - . " ‘ CIAY <> CRK BiCl 105 (10.7) 104.6 (13.2)
- - ; ; i - ; ; O _ A (D — AP
In free-field environments, Auditory attention is a Executive function (EF) is a Target= Attend to = &> ) e Condior Z ﬂg A S o T 2 O | & crEv 3?( o TNH 114.7 (19.9) 114.6 (17.2)
- - il - - Right ear > | create a perceptually centered | _ ‘-__ CIBI
_mtelllglblllty of target spee_ch non—qutlal phenomenon term used to_c!escrlt?e_ an N 4 :mage of the interferer (bilaterally & 105 - ol ® * _ v |LY & cov
Improves when the interfering || that contributes to successful array of cognitive abilities ﬁgftnga‘;o > <O | &= o= presentec) and theliGERCLERE £ 100 __n‘_V— 1 A —O— — T v O
speech and noise are spatially segregation of multiple that facilitate the organization < 09 stae (unilatetallypiES e = gg 1V A ¥ ‘ CVQ
. - - - e e a| | o === - e e R i e e e e iy S .
Separated frOm the target for auditory streams. Previous of |nf0rmat-|0n for purpO.Sefl.” Results: COmparlson between all child groups and Previous adult datal T 5 g5 - $ L Y 1 > | () _ _ _ _ _
children with normal hearlng research has shown that and goal-dlreCtEd behavior— Condition 1 (no interferer) Condition 2 Condition3  Condition4 significant differences 80 - A On average, Chlldr?n V}}]”th BICls SC(;I’G Ioi\</\_/er than children with NH on
.. : _ _ L . 0 b he BiCl child :
(NH). Thisis known as spatial || children with NH perform specific to this study are R +5<0,001 Both NHrOT-ERENES &0 =) OB et oroms 75 - v o | only the meastreiorvaRKIENIEIEE
unmasking. Children who use || worse than adults with NH on | working memory, inhibition 2o | Thistaskwas | A \ BICI groups : i x for any condition. 70 L _ L __ It is interesting to note that the one child with BICls (CIAY) who had 42mo.
: - A ! o | more difficult 10 1 x e Working Memory! Inhibitory Control ' Attention Shifting of early acoustic experience prior to getting Cls performs similarly to his
bllateral Cochlear |mp|ants k f d - 7 d h .I:t 5 Th - for NH child ! (_A_\ The only significant y P P g g P y
_ tasks of auditory attention’. ana snirting-. ese s =y ﬁr NI—(I: ! v ';en 04 . difference betner I Fig 4. Standardized scores for EF measures. The dashed line represents average performance. NH age-matched comparison (CRK).
(BIC'S) to access sound show It is unknown how auditory Components are thought to be 3l £ R < tf 001 g o A N u two NH groups was in The shaded region represents performance within normal range. Individual participants are
less spatial unmaskin ; ; - - Iy £ 20 pf - ofl _ il condition 2. represe_nted by dlffergnt symbols (green=BiClI, orange=NH). Group mean (£SD) are shown
P _ 9 attention contributes to the || necessary in order to function | | ¢} £ i E il L + T — to the right of the individual symbols.
compared to their NH peers>4, | apility to function in noisy In multi-source auditory 3 B 2 E * | treshoidsthanbo BIC1 || Dy [ts: Relationship between measures of EF and performance on Auditory Attention task
espemally In conditions in environments for children environments. Little is known 5 I ol - - Ng;i:lf: . No interferer (1) Contralateral Ipsilateral Ipsi.+Contra
which interferers are on both : : - - 210- ' e s | | = ——— :
the riaht and left sid with BICls. about the relatlon_s_hlp . 50 | T “v— | . it Chiren r? values Interferer (2) Interferer (3) Interferer (4) | Inhibitory control is significantly correlated with
€ right and Iett siaes. between EF and ability to 0 . . Y . ol ‘ ! LAY R BiCl NH BiCI NH BiCl | NH |Bicl| NH | performance on the auditory measures that
hear speech IN Noise. Ty S[I)\I)chchn:nle; .|:th ad.ulttsf B|CZI ch(;l.(:.ren 1)B|CI z;dultsf : : X * Bl Attend to left ear Working Memory 0.20 007 0.003 001 030 0.16 024 0.02 contain an interferer for only the NH group.
Ig 1. Mean (£ resnolds with no interrerer (Condaition are snown 1or eacn group. . + " sl .
Filled bars =thresholds when the target was played in the right ear. Dashed bars=thresholds Fig 2. M;aan (+5D) thresholds are shown for conditions with Interferers for each:group. Filled Inhibitory Control 0.06 0.52 0.35 *0.58 0.55 *0.06 0.50 *0.69 More work is needed before any conclusions can
when the target was played in the left ear. A oneway between subjects ANOVA was conducted syk:n boﬁ’ thresholds V\I/hen dthe tﬁrgle tfwas p’lii yed Ll thg A ear.pren ,Zyl\rln 5\0/2 ‘ thresrr:olds (p=0.46) (p=0.03) (p=0.02) b d di EE d f
' . ) ) . when the target was played in the left ear. A oneway between subjects or eac p=0. p=Y. p=Y. € made regaraing andad perrormance on
to compare threshold between groups. A Bonferroni correction for multiple comparisons was . : :
Cfog 'S O.f thedc.tjrre?tt Stt_Ud_y hild - BICH 4 NH applied (p<0.0125) T iolo corparicon wias aoplied (st o128 e oroups- A Bontertont cortection for Attention Shifting 013 | 009 | 027 | 009 | 028 | 001 | 013 | 004 | auditorytasksfor children with BiCls.
. EXamine aualtory atenton in cniiaren wi ICIS an : R . - - - o : —
esults: Comparison between listening conditions for children

e Compare the ability to attend to target speech in various target-interferer

Are children able to attend to a target with

Are children able to attend to a target when it is

N

Table 2. Individual simple linear regressions between each measure of EF and performance in each condition of the auditory task. Within each condition, the first column (green) displays
correlations for the BiCl group (n=5) and the second column (orange) displays correlations for the NH group (n=8). Significant correlations are bolded and labeled with an asterisk (*).

L/

conditions: (1) no interferer (2) interferer in the ear opposite the target an interferer in the contralateral ear? 5 in the same ear as the interferer? e Discussion ~N
(contralateral), (3) interferer and target in the same ear (ipsilateral), and (4) A, 1 O O - 8] &0s 7| childrenwith ||+ These data show that in extreme cases of separation (i.e. interferer contralateral to the target) both children with
Interferer in both ears (ipsilateral+contralateral). g ,, children need the s BiCls and NH NH and BiCls are able to successfully ignore an interferer, suggesting no difficulty attending to a target (i.e. similar
e Compare performance between NH and BiClI groups. x . e level of theitargenia 3 ’ <1>V 1 ai*;?‘;\'égna performance with no interferer and with a contralateral interferer) (rig. 3A).
_ _ _ _ - O v k;ﬁtgzlsﬁilz'gdhé')yv\%‘;f g A e Mot When the interferer is contralateral to the target, children are significantly better at inhibiting the interferer compared
2. Investigate the relationship between EF and performance on the auditory g A o o T S g in threshold to when the interferer is ipsilateral to the target, and only voice pitch cues are available (Fig. 38).
\ attention task. / £ ,,/’"’D@(A contralateral to the 57 when the target [ |  \When the interferer is played bilaterally and the target unilaterally, intended to create unmasking of the target
P N RIS target, compared to T aargc:r:”tthe:;e;;re speech, neither the NH or BiCl groups showed benefit (rig. 3c).
Table 1. Participants w1 &0 Wh?r':tter;?gfe'f no &% - 5. oo It may be that for NH children, the difference in sex of the target (female) and interferer (male) (i.e. fundamental
Bilateral Cochlear Implants (BiCl) (n=10) Normal Hearing (NH) (n=10) P | P A A A ears. frequency of voices) may provide cues that aid in separation of the two sources even when they are played ipsilaterally.
CI use (yr;mo) Participant Age Contralateral Interferer TMR (dB) Ipslateral Interferer TMR (dB) Therefore, there may not be a significant added benefit of contralateral unmasking (i.e., ipsi+contra interferer).
(yr;mo) Right | Left (yr;mo) Are children able to center a bilaterally presented interferer to Fig 3. Thresholds between * For the NH group (n=8), attention inhibition significantly correlates with ability to ignore an interferer. Results thus
CIEU (F) 17;2 *12;11 CSM (M) 17;2 perceive separation from the unilateral target? - “ conditions are compared for far suggest that for the BiCl group none of the measures of EF correlate with performance on the auditory task (n=5)
' l each listener in the BiCl
**CIAP (F) 16;0 *12:6 10;10 CLG (F) 16:5 C. ~01 s M . ~n (Table 2).
! o Children with BiCls and NH (green) and NH (orange) - - - - . .
**CIBO (F) 16:0 %13:2 12:1 CVP (M) 15:3 S %7 show, on average I ane é g:iﬁ gi'\G/' groups. Individual participants | | |® Gaps In working memory between the NH and BICI groups exist (Fig. 4), similar results have been shown by others.
**CIAY (M) 15111 *10:9 9:11 CRK (F) e > A > dB difference in threshold = GO oup 2;?11 rsglrsesggteeglgghng;ment More work iIs needed to further investigate why these gaps occur and how it may effect performance in other
CIAW (M) 15;2 *14,0 9:9 CLC (M) 12:8 E-ZO : g‘ between conditions with the <> CIAY CLC represents equal performance \ domainS. /
CIAG (M) 14:10 %132 119 ! %_30_ target and interferer in the same b CIAW g(NQIY in each condition. Panels A-C Iz)eger?lnMc$sK R ———
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