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I N TRODUCTI ON
• Al pha-band (8–1 3 H z) power in the el ectroencephal ogram (EEG) may be a useful proxy for measuring exerted

l istening effort in real -time (Dimitri jevic et al . , 201 7, 201 9; Strauß et al . , 201 4).

• I ncreased neural activity in al pha-band is thought to refl ect functional inhibition of task irrel evant brain

areas (Weisz et al . , 201 1 ). Al pha-band activity over occipito-parietal l obes has been observed to increase

with the difficul ty of speech-in-noise tests (M cM ahon et al , 201 6).

• Al pha-band activity over frontal l obes has been observed to refl ect maintenance of memory contents

during working memory tasks (M anza et al , 201 4).

• The Repeat-Recal l Test (RRT; Sl ugocki et al . , 201 8) is a cl inical l y friendl y tool that provides an integrative

assessment of l isteners' speech-in-noise abi l i ties.

• Different RRT configurations are differential l y demanding of l isteners’ hearing and cognitive abi l i ties.

• E.g. , different signal -to-noise ratios (SN Rs), memory for sentence content, avai l abi l i ty of semantic

context.

• The RRT presents an opportunity to study al pha-band dynamics in hearing aid wearers as they engage

with processing speech across a range of difficul t conditions.

• Al pha-band activity may al so offer insight into the demands of different l istening conditions and val idate or

disambiguate ratings of l istening effort as surveyed after each RRT trial .

PARTI CI PAN TS

RESULTS (Cont.)

• Al pha-band power in ol der hearing aid wearers is modul ated by the difficul ty and demands of different

speech-in-noise test (i .e. , RRT) configurations.

• Resul ts support use of the RRT as a cl inical tool for combined speech-in-noise and l istening effort assessment

across a variety of chal l enging conditions that invol ve auditory memory and inhibition of distracting noise.

• The RRT may be useful for better understanding how different sources of al pha are modul ated during speech

processing tasks. Future studies might use dense-array EEG to better l ocal ize sources of al pha power modul ated

by the RRT conditions.

CON CLUSI ON

H EARI N G AI DS

REFEREN CES

• 1 6 native Engl ish speakers:

• M ean age = 71 years, SD = 1 3, Range = 38–85 years, 1 1 femal e.

• Symmetrical sensorineural hearing l oss (Fig. 1 ).

• N ormal cognitive function (M oCA > 23).

• 3 were not current hearing aid wearers.

STI M ULI — REPEAT-RECALL TEST (RRT)

PROCEDURE

• The RRT incl udes speech material s from 5 sets of

thematical l y rel ated sentences (Fig. 2):

• Sentences constructed for a fourth-grade

Fl esch-Kincaid reading l evel .

• Each theme comprises 7 l ists of 6 sentences.

• Each sentence contains 3–4 target words (mostl y

nouns, adjectives, and verbs).

• Each l ist scores 20 target words.

• RRT sentences are designed with compl ementary

high and low context versions:

• H igh context sentences are semantical l y meaningful .

Listeners can draw on within- and between-sentence cues to word identity.

• Low context sentences randomize target words among the high context sentences in each l ist.

Sentences are syntactical l y val id but semantical l y meaningl ess.

• RRT speech material s were pre-recorded by a mal e native tal ker of Engl ish with a M idwestern accent.

• Tal ker spoke with a normal vocal effort (monitored).
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Keep the ice fruit in the restaurant.

The pie cooks food in a wood.

The barbacue foods used hickory sink.

Wash the cream in the lemon.

The tart chef had too many countries.

He tried new grills in different freezers.
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Keep the ice cream in the freezer.

The chef cooks food in a restaurant.

The barbacue grill used hickory wood.

Wash the fruit in the sink.

The tart pie had too much lemon.

He tried new foods in different countries.
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RESULTS

• Listeners were tested in the aided mode with Signia AX

Receiver-I n-Canal (RI C) hearing aids:

• Fit according to the N AL-N L2 at 1 00% prescription gain.

• Standard omnidirectional microphone (OM N I ) mode.

• Features other than noise reduction and feedback cancel l ation were disabl ed.

• Coupl ed using ful l y-occl uding doubl e-dome instant-fit ear-tips.

• Four stages of the RRT (Fig 3):

• REPEAT each of 6 sentences (from a singl e RRT l ist) exactl y as heard.

• RECALL as much of the sentence content as possibl e, verbatim.

• LISTENING EFFORT: rate how effortful the l istening situation fel t (1 1 -point scal e).

• TOLERABLE TIME: estimate duration of wi l l ingness to engage in communication

under current test conditions.

• RRT configuration:

• Speech presented at 65 dB SPL from l oudspeaker in front (0°) .

• Continuous noise presented from two l oudspeakers in back (1 35° and 225° azimuth).

• Listeners tested at 4 fixed SN Rs: -5, 0, 5, and 1 0 dB.

• Performance measured for both H igh and Low Context sentences.

• RRT sequence administered using two versions: N o Recal l and With Recal l .

• Listener EEG recorded at 1 9.2 kH z using 1 9 passive Ag/AgCl el ectrodes (Fig. 4).

• El ectrodes referenced to l inked bi l ateral earl obes with high forehead ground.
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Fig. 3. A schematic representation of the task sequence involved in this version of the Repeat-Recall Test (RRT).

Participant alpha power in the EEG was recorded throughout testing. The Recall task was omitted on half of all RRT trials.
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Fig. 4. Channel map of the 19 EEG electrodes used to

record alpha activity. Channels are color-coded

according to groupings used in later analysis (purple =

frontal, green = parietal).
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Fig. 7. Summary of results for alpha-band power during the RRT. LEFT: Estimated marginal means

exploring significant fixed effects and higher-order interactions on alpha activity measured at the parietal

electrode group (top row) and at both parietal and frontal electrode groups (middle/bottom rows). Post-

hoc tests examining simple contrasts were Tukey adjusted for multiple comparisons. RIGHT: Topography

of alpha power measured in different RRTconditions associatedwith significant model effects.
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Fig. 8. Significant relationship between listeners'

alpha-band power in the parietal electrode group and

their ratings of listening effort collected as part of the

RRT. Shaded blue region represents 95% confidence

interval of the model fit. Black x's along the abscissa

show the distribution of listeners' alpha-band power

spectral density (PSD) measures.

Electrodes Fixed Effects �
2 df p sig. 

Parietal Only SNR 28.15 3 0.000 *** 

Whole Head SNR 10.70 3 0.013 * 
 Elec.Group 11.51 1 0.000 *** 

 RRT Version:Context 3.86 1 0.048 * 
 SNR:Context 8.01 3 0.046 * 
 RRT Version:Elec.Group 21.01 1 0.000 *** 
 SNR:Context:Elec.Group 15.57 3 0.004 ** 

Tbl. 2. Summary of significant fixed effects and

interactions on listeners' alpha-band power.

• RRT performance-intensity (P-I ) functions (Fig. 6)

agree with previous data from aided ol der adul ts

tested with speech-front/noise-back in OM N I mode

(Kuk et al . 2020).

• RRT resul ts suggest that test conditions infl uence

experienced l istening difficul ty, as expected (Tbl . 1 ).

• Al l outcomes improved with increasing SNR.

• Al l outcomes improved with semantic Context.

• Ratings of Listening Effort and Tol erabl e Time

were better (i .e. , easier and more tol erabl e)

when No Recallwas required.

• SNR x Context interactions refl ect stronger

context effects at better SN Rs (i .e. , > 5 dB) .
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• EEG data processed offl ine in M ATLAB:

• Resampl ed at 250 H z and fi l tered between 1 –30 H z.

• Anal yzed using Short-time Fourier Transforms (STFTs).

• Al pha-band power defined by maximum power spectral density

(PSD) between 8–1 3 H z in each time window of the STFT.

• Time traces of al pha-band power cut from beginning of each RRT sentence unti l start of next (see Fig. 5).

• Al pha-band power averaged across sentences for each combination of test conditions.

• Linear M ixed Effects (LM E) model s assessed fixed effects of: SNR (-5, 0, 5, and 1 0 dB), Context (H igh and Low),

and RRTVersion (N o Recal l and With Recal l ), and their interactions; participants coded as random effects.

• Separate LM E for each outcome measure: Repeat, Recal l (no RRTVersion), Listening Effort, Tol erabl e Time,

Parietal Al pha Power and Whol e H ead Al pha Power (with Electrode Group as fixed effect).

• Additional LM E model assessed rel ationship between Parietal Al pha Power and RRT ratings of Listening Effort.
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Fig. 5. Example of one participant's parietal alpha

power traced across time for a single trial of six RRT

sentences. Here, the No Recall RRT was administered

using Low Context sentences at SNRs of 0 dB (black)

and 10 dB (orange).
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Fig. 6. RRT Performance-Intensity (P-I) functions. Points represent performance

means and error bars represent within-subjects 95% confidence intervals of the

means. Data are shown as measured for High (red) and Low (black) context

sentences in No Recall (dash-dotted) andWith Recall (solid) versions of the RRT.

• Al pha Power measured over the Parietal El ectrode Group was

significantl y modul ated by test SNR (Tbl . 2) in a manner that cl osel y

resembl ed RRT performance and subjective ratings data (Fig. 7).

• Topography of al pha power shows SN R effects did not invol ve

frontal regions (Fig. 7).

• N o other factors were found to significantl y affect al pha power for

the parietal el ectrode group al one.

• Anal ysis of whol e head al pha power reveal ed additional significant

interactions (Tbl . 2 and Fig. 7):
• RRTVersion x Context— H igh Context sentences evoked greater al pha power when l isteners were tested

With Recal l compared to N o Recal l .

• RRTVersion x Electrode Group — Compared to N o Recal l , testing With Recal l evoked greater al pha power

specifical l y over the Frontal el ectrodes.

• SNR x Context x Electrode Group — SN R effects were stronger for Parietal than Frontal El ectrodes, except at

SN R = 1 0 dB. H igh Context sentences evoked stronger al pha over frontal el ectrode sites at SN R = 1 0 dB but

otherwise had no effect at any combination of SN R and El ectrode Group.

• Across conditions, al pha-band power measured over the Parietal El ectrode Group was significantl y rel ated to

ratings of l istening effort col l ected as part of the RRT (Fig. 8).

Fig. 1. Individual (thin lines) and average (bold lines)

audiograms for the left (blue; X’s) and right (red; O’s)

ears of the participant sample.

Fig. 2. Organization and sample of RRT speech materials. Target words are

identified by bolded yellow text.

RRT Measure Fixed Effects �
2 df p sig. 

Repeat SNR 1233.88 3 0.000 *** 
 Context 44.08 1 0.000 *** 
 SNR:Context 26.09 3 0.000 *** 

Recall SNR 224.53 3 0.000 *** 
 Context 19.63 1 0.000 *** 

Listening  SNR 74.54 3 0.000 *** 
Effort Context 39.83 1 0.000 *** 
 RRT Version 19.92 1 0.000 *** 
 SNR:Context 14.14 3 0.003 ** 

Tolerable SNR 338.68 3 0.000 *** 
Time Context 8.49 1 0.004 ** 
 RRT Version 6.36 1 0.012 * 
 SNR:Context 8.26 3 0.041 * 

 

Tbl. 1. Summary of significant fixed effects and

interactions on RRToutcome measures.




