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Learning Objectives

• At the conclusion of this presentation, participants will be 
able to:

• Describe two commercially available remote auditory training 
products;

• Discuss the results of a recently published systematic review of 
computer-based auditory training programs;

• Describe the evidence supporting the association between 
auditory training and brain plasticity.



Does computer-based auditory training  work? 
Why we want to know

• Hearing aids don’t always meet patients’ expectations
• Particularly problematic in the demographic who purchase hearing aids

• Speech-in-noise
• Working memory
• Speed of processing

• Decades of research have demonstrated that AT can improve auditory 
processing

• But clinicians don’t want to provide these services in the clinic
• Resource constraints
• Lack of reimbursement

• CBAT programs completed at home may be the answer



First… Some definitions

• Auditory training
• Formal listening activities whose goal is to optimize the activity of speech 

perception (A. Boothroyd)

• Computer-Based Auditory Training 
• Software-controlled AT 

• Gamification
• The application of game-design elements and game principles in non-game 

contexts (e.g. health & wellness)
• https://en.wikipedia.org/wiki/Gamification

https://en.wikipedia.org/wiki/Gamification


An Historical Perspective…

• Levitt H, Oden C, Simon H, Noack C, Lotze A. (2012). Computer-Based 
Training Methods for Age-Related APD: Past, Present, and Future. in 
"Auditory Processing Disorders: Assessment, Management and 
Treatment.” 2nd Edition, D Geffner and D Swain, (Eds.) San 
Diego:Plural Press

https://pluralpublishing.com/publication_apd2e.htm

https://pluralpublishing.com/publication_apd2e.htm


Boothroyd A. (2007). Adult Aural Rehabilitation: What Is It and Does It Work? Trends in Amplification, 11(2):63-71

Auditory Training in Context



Systematic Reviews in AR

• Sweetow, R. & Palmer, C.V. (2005). Efficacy of individual auditory 
training in adults: A systematic review of the evidence. Journal of the 
American Academy of Audiology, 16(7), 494-504

• Henshaw H, Ferguson MA. (2013). Efficacy of individual computer-
based auditory training for people with hearing loss: a systematic 
review of the evidence. PLoS ONE 8(5): e62836. 
doi:10.1371/journal.pone.0062836



Sweetow & Palmer (2005)

• Does evidence exist supporting improvement in 
communication skills through individual auditory 
training in an adult hearing-impaired population?



Sweetow & Palmer, 2005



Study Quality (Sweetow & Palmer, 2005)



Sweetow & Palmer (2005)



Study name Subgroup within study Outcome Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper 
in means limit limit

Kricos et al. 1992 AT (Synthetic) vs. NT Combined 0.287 -0.487 1.060

Kricos & Holmes 1996 AT (Analytic) vs. NT Combined 0.205 -0.340 0.750

Kricos & Holmes 1996 AT (Synthetic) vs. NT Combined 0.033 -0.511 0.577

Montgomery et al. 1984 AT vs. HA AV Sentences 0.654 -0.167 1.475

Rubenstein & Boothroyd 1987 AT (Analytic) Combined 0.422 -0.193 1.037

Rubenstein & Boothroyd 1987 AT (Synthetic) Combined 0.196 -0.399 0.792

Walden et al. 1981 AT Auditory vs. NT AV Sentences 0.889 0.052 1.727

Walden et al. 1981 AT Visual vs. NT AV Sentences 0.360 -0.446 1.167

Humes et al. 2009 AT vs. NT CID Sentences 0.767 0.000 1.533

0.352 0.128 0.575

-1.00 -0.50 0.00 0.50 1.00

Decrease on speech perception outcome Increase on speech perception outcome

TOTAL
0.352        0.128        0.575

Sweetow&Sabes, 2006 HINT 0.16
Sweetow&Sabes, 2006 QuickSIN@45dB         0.31
Sweetow&Sabes, 2006 QuickSIN@70dB         0.23

Note: AT=Auditory training; AV=Auditory+Visual; CID=Central Institute for the Deaf; HA=Hearing aid; NT=No treatment; HINT=Hearing 
in Noise Test; QuickSIN= Quick Speech in Noise Test

Auditory training meta-analysis 
(Forest) plot

From Chisolm & Arnold, 2012







Major Findings
• Auditory training resulted in improved performance for trained tasks in 9/10 

articles that reported on-task outcomes 
• Although significant generalization of learning was shown in measures of speech 

intelligibility, cognition, and self-reported hearing abilities, improvements tended 
to be small

• Where reported, compliance with computer-based auditory training was high, 
and retention of learning was shown at post-training follow-ups

• Published evidence was of very-low to moderate study quality

Henshaw H, Ferguson MA. (2013). Efficacy of Individual Computer-Based Auditory Training for People with Hearing Loss: A 
Systematic Review of the Evidence. PLoS ONE 8(5): e62836. doi:10.1371/journal.pone.0062836



What’s available commercially?

• Brain HQ
• Lumosity
• LACE
• ReadMyQuips



Gamification
• The concept of applying game 

mechanics and game design techniques 
to engage and motivate people to 
achieve their goals

• Gamification taps into the basic desires 
and needs of the users impulses which 
revolve around the idea 
of Status and Achievement

https://badgeville.com/wiki/Gamification







http://www.nytimes.com/2016/01/19/health/ftcs-lumosity-penalty-doesnt-end-brain-training-debate.html

http://www.nytimes.com/2016/01/19/health/ftcs-lumosity-penalty-doesnt-end-brain-training-debate.html






The evidence

• LACE

• ReadMyQuips



LACE (Sweetow & Henderson-Sabes, 2007)





LACE (Olson, Preminger & Shinn, 2013)

*











ReadMyQuips™

• Focused, internet-based program proposed to improve auditory-
visual speech perception 

• Designed to improve ability to communicate in difficult listening 
environments

• AV training  through games, puzzles, and videos
• Adaptive in difficulty and background noise levels 











Participants
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Test Measures
• Abbreviated Profile of Hearing Aid Benefit (APHAB)

▫ Questionnaire design to measure amount of trouble the patient is having with communication or noises in 
various everyday situations 

• Device-Oriented Subjective Outcome (DOSO)
▫ Questionnaire designed to measure hearing aid outcomes in a way that is relatively independent of 

wearer personality 

• Hearing-in-Noise Test (HINT)
▫ 25 ten sentence lists presented in speech-shaped noise presented in an eight speaker array 

• Words-in-Noise Test (WIN)
▫ 35 monosyllabic word lists presented at 0, 2, 4, 8, 12, 16, 20 and 24 dB SNR based on PTA

• The System Usability Scale (SUS)
▫ Ten-item Likert scale of subjective assessments of program usability

• Overall satisfaction/Likelihood to Recommend Questionnaire





Wear Time

Daily Use % Directional % Noise %Speech in Noise

RMQ 9.6 hours 19.16% 1.4 % 41.3%

CTRL 8.4 hours 17.6 % 1.2 % 41.2%



Time on task
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Observations 

• Though remotely delivered AR is convenient, compliance to a 
program schedule may be problematic

• “Internet user” has a wide range of meaning
• Patients may need technological support

• Large variability in performance within groups
• Suggests some individuals benefit much more than others 





Selective Attention

• The ability to suppress irrelevant information and focus on relevant 
signals in the environment

• A cognitive skill of tremendous importance for everyday living and 
learning 

• We hypothesized that participants trained with RMQ will show 
enhanced auditory selective attention measured using ERP 
components (P3b and P3a) and behavioral measures



Auditory ERP in Selective Attention 

Polich, J.(2007)

P3b
• Voluntary
• Task relevant
• Increases with 

cognitive effort & 
performance

P3a
• Involuntary
• Task irrelevant
• Increases with 

distractor salience



Methodology
Session 1: 

Pretest

• Before HA fitting

HA fitting Session 2: 
HA posttest

• Four weeks 
after HA fitting

Training 
(4 weeks)

Session 3: 
Training 
posttest

Control group:
Audiobooks

Experimental group: 
RMQ

Time

Dis
Std

Dev
(Tgt)

Oddball paradigm

Melara, R. D., Tong, Y., & Rao, A. (2012)



Training + amplification 

• Reduced P3a from pretest to training posttest found in both groups, 
indicating reduced distractor salience after hearing aid use (and training)

• Link between changes in d' and in P3b were found only in the 
experimental group, indicating relationship between listening performance 
and task-relevant attentional allocation strengthened by RMQ training



Behavioral-ERP Correlation
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Design

• Randomized between-group, within-subjects design
• Experimental and control groups
• 12 participants in each group: 

• Experimental group (HA +RMQ)
• 8 males.
• Average age = 68 years (range 51 years to 84 years).

• Control group (HA only)
• 10 males.
• Average age = 69 years (range 62 to 81 years).



Training protocol

• Read My Quips
• 30 minutes per day
• 5 days per week
• 4 consecutive weeks

• All participants completed a written log
• Tracked start time and end time
• Difficulty level

• Control group participants did not receive any structured treatment



Outcomes measured using 
Multimodal Lexical Sentence Test for Adults (MLST- A)

• Developed by Dr. Karen Kirk and colleagues 
• 12 equivalent lists

• 24 sentences per list

• Seven to nine words per sentence
• Three key words per sentence

• Scores could range from 0 to 3 per sentence



MLST-A

• Words controlled for lexical characteristics of frequency (how often 
words occur in a language) and density (number of phonemically 
similar words or lexical neighbors to target)





MLST – A

• Five male and five female talkers
• For this study, administered in AO and AV modes

• Presentation Level 
• 60 dB SPL

• Three signal-to-noise ratios (SNRs)
• +5 dN
• 0 dB
• - 5 dB

• Mode of presentation (AO vs AV) and SNR randomized for testing
Total of 6 Test Conditions
AO (-5 dB SNR) AO (0 dB SNR) AO (5 dB SNR)
AV (-5 dB SNR) AV (0 dB SNR) AV (5 dB SNR)



MLST – A






MLST – A






Study Timeline 

Hearing Aid 
Fitting and 

Pretest 
(aided)

4 weeks 
Hearing Aid 
adjustment 

period

First 
posttest

(Posttest I)

RMQ 
Training

(4 Weeks)

Second 
posttest

(Posttest II)

Participants were tested at the time of hearing aid fitting, after four weeks of 
hearing aid use, and after four weeks of RMQ training. 



Results



Randomized between-group, within-
subjects repeated measures ANOVA

Main effects
Main Effects F-values

Test: 3 levels
Pretest vs. posttest 1 vs. posttest 2

F (2, 44) = 2.3, p = .12

Mode: 2 levels
AO vs. AV

F (1, 22) = 205, p < .01

SNR: 3 levels
+ 5 dB, 0 dB, -5 dB

F (2, 44) = 520, p < .01 



Interactions

Interactions F values

Test  × SNR F (4, 88) = 3.9, p < .01

Mode  × SNR F (2, 44) = 8.2, p< .01

** None of the interactions involving Group significant



Results
• Interactions
• Mode × SNR

• AV scores always greater than AO scores
• Scores at +5 dB SNR > scores at 0 dB SNR > scores at -5 dB SNR
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Summary

• The availability of visual speech cues improved speech perception 
(consistent with the literature)

• RMQ training did not improve audiovisual speech perception as 
measured using the MLST-A

• Regardless of SNR and mode, changes were not seen

• Enhancement from visual cues varied significantly across subjects
• One individual showed a difference of 45% with addition of visual cues at 0 dB 

SNR at posttest I



Discussion

• Possible explanations for lack of AV benefit:
• Training exposure was insufficient
• Training not designed to achieve criterion level at various difficulty levels
• Participants were advised to challenge themselves, but varied in their ability 

to do so
• Participants were individuals with acquired hearing loss in the mild to severe 

range  
• They did not have to rely on visual cues and speechreading as much as individuals with 

congenital severe profound hearing loss



Overall Summary

• Several studies since Henshaw & Ferguson (2013) have added to the 
literature

• equivocal support for the benefits of computerized AT in its present form

• Compliance matters
• Even in closely controlled research protocols, compliance was a challenge
• Clinicians must carefully monitor patient compliance 
• AT must be engaging for the patients

• Create meaningful reward incentives



Lessons Learned



Thank You
harvey_abrams@starkey.com
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