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Jumana Harianawala,  Au.D.

Lindsay Prusick,  Au.D. 

Anti-Aging for the 
Auditory System. 

No Botox Needed!

If you are having technical problems, 
please stay logged on and call 
AudiologyOnline at 1-800-753-2160

HOUSEKEEPING
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This session is available for 1/.1 ceu.

Must stay logged on for the full session.

Must successfully complete a short quiz.

HOUSEKEEPING

Pdf. of presentation is available.

Questions? Please use chat box!

HOUSEKEEPING
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• Be able to explain neuroplasticity and the positive impacts 
cognitive exercises and active engagement can have on the 
aging brain

• Be able to discuss the relationship between cognition and the 
auditory system and the implications of hearing loss on this 
relationship

• Be able to identify the potential positive effects of auditory 
training for individuals with normal or impaired hearing

LEARNING OBJECTIVES
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COGNITIVE SKILLS + AGING= 

A certain amount of cognitive decline is a 

normal part of aging.
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Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

“Crystalized” intelligence 
stable

“Fluid” intelligence 
declines

Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

Stored memories or 
recall of past events 
remains relatively 
preserved

Recent or new memories 
more vulnerable
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Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

Simple or focused 
attention preserved

Difficulties may occur 
when divided attention 
required

Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

Verbal abilities 
preserved

Changes or difficulty 
with word retrieval or 
production
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Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

Traditional solutions 
maintained

New problems may take 
more time to figure out

Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

Cognitive and motor 
processing speed 
increases
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VARIABILITY

VARIABILITY
Medications

Sensory changes

Health related changes

Changes in mood

FACTORS AFFECTING COGNITIVE 
AGING
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HOW?!?!

COGNITIVE SYSTEM + AGE… 

NEUROPLASTICITY
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FUNCTIONAL= PHYSIOLOGY

STRUCTURAL= ANATOMY

NEUROPLASTICITY
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MACAQUE STUDY

Functional Neuroplasticity

Brain areas were 
considered silent from 
lack of sensory input after 
a severe hand injury 

Neighboring areas in the 
brain expanded into the 
vacant territory

Merzenich et al., 1968

>
Maguire, Woollett & Spiers, 2006
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Consolidation of information 
from short-term memory to 

long-term memory and spatial 
navigation

Consolidation of information 
from short-term memory to 

long-term memory and spatial 
navigation
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Woollett & Maguire, 2011

vs.

Woollett & Maguire, 2011
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NEUROPLASTICITY
& AUDITORY SYSTEM???
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EASE OF LANGUAGE UNDERSTANDING 
MODEL

Adapted from Rönnberg et al., 2010

Phonological 
Representation

Sound Understanding

Long-term
Memory

IMPLICIT PROCESSING

EASE OF LANGUAGE UNDERSTANDING 
MODEL

Adapted from Rönnberg et al., 2010

Phonological 
Representation

Sound Understanding

Long-term
Memory

?
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EASE OF LANGUAGE UNDERSTANDING 
MODEL

Adapted from Rönnberg et al., 2010

Phonological 
Representation

Sound Understanding

Long-term
Memory

Working
Memory?EXPLICIT PROCESSINGINCREASED PROCESSING
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COGNITIVE SKILLS & AGING 

Younger Brain
Activity Lateralized

Older Brain
Activity Distributed

Compensatory Strategies

COGNITIVE SKILLS & AGING 

Cabeza et al., 2002
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COGNITIVE SKILLS & AGING 
“I can’t keep up.” 

Increasing listening effort has deleterious 
effects on cognitive measures. 

Difference between older and younger 
individuals is minimal when one equates 
for listening condition. 

- Pichora-Fuller, 2006

Cabeza et al., 2000

Intelligence

Memory

Attention

Language

Reasoning & Problem Solving

Speed of Processing

COGNITIVE SKILLS & AGING

ADD 
HEARING 
LOSS???
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COGNITIVE SKILLS & AGING

HEARING 
LOSS

INCREASES 
COGNITIVE LOAD

ACCELERATES 
COGNITIVE DECLINE

Lin et al., 2013
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COMMUNICATION

Internal Factors

External Factors

Perceptual Factors

Processing 
Speed

Long 
Term 

Memory

Attention

Vision

Hearing ContextProsody

Language

Accent

Noise

Smell

Working 
Memory

COMMUNICATION
Hearing
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HEARING EVALUATION

PERIPHERAL AUDITORY 
FACTORS DOMINATE

REHAB DECISIONS 
BASED ON THESE 
FACTORS

For hearing loss:
Hearing aids
Accessory 
Aural rehab tips
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Adidas Adizero Adios Boost 2

+ =/

For hearing loss:
Hearing aids
Accessory 
Aural rehab tips

AUDITORY TRAINING
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A PROCESS THAT 
INVOLVES 
TEACHING THE 
BRAIN TO LISTEN.

WHAT 
EXACTLY IS

AUDITORY 
TRAINING? 

/beet/

/boot/

/bat/
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WOULD YOU LIKE 
THE BEET SALAD?
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TAKES 
ADVANTANGE OF 
THE 
NEUROPLASTIC 
NATURE OF THE 
BRAIN.

AUDITORY 
TRAINING IS 

COGNITIVELY 
CHALLENING!

LACE Demo



5/5/2015

27

Speech in Babble

Speech with Competing Speaker

Time Compressed Speech (Fast Talker)

Auditory Memory

Q1: Baseline
Q2: 2 weeks (Mid training)
Q3: 4 weeks (Training completed)
Q4: 8 weeks (Post-training)

Good

Poor

Sweetow & Sabes, 2006

AUDITORY 
TRAINING
DATA

Song et al., 2012

Normal Hearing Young Adults
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AUDITORY 
TRAINING
DATA

Older Adults with Normal & 
Impaired Hearing

Anderson et al., 2013

AUDITORY 
TRAINING
DATA

Anderson et al., 2013

Older Adults with Normal & 
Impaired Hearing
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GAMIFICATION
gam·i·fi·ca·tion

/ɡāmifəˈkāSHən/
noun
using game thinking and design techniques for non-
gaming contexts to engage users to solve problems 
or change behaviors in a fun, competitive or 
rewarding way

GAMIFICATION
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GAMIFICATION
It makes the hard stuff in life fun… 

…like auditory training!
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RMQ Demos
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MULTI-TASKING…
FOCUS ON RELEVANT 
SOUNDS, SUPPRESS 
IRRELEVANT SOUNDS

SELECTIVE 
ATTENTION

WORKING 
MEMORY

TEMPORARILY 
MAINTAIN, STORE, 
PROCESS INFO 

RMQ DATA
Significant improvements 
in speech recognition

Average improvement for 
the 9 experienced 
hearing-aid users was 2.8 
dB

Subjects enjoyed the 
system and felt their 
speech-in-noise ability 
had improved

Leavitt, H. et al., 2011
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RMQ DATA
29 new hearing aids 
users

Randomly assigned to  
RMQ & control group

Variety of test measures 
given pre & post including 
HINT & WIN

Bock & Abrams, 2013

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%
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RMQ DATA

Significant improvement 
seen for the RMQ group 
on the HINT test in the 
static directional condition

Bock & Abrams, 2013
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RMQ DATA

Bock & Abrams, 2013
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Significant mean 
improvement seen for the 
RMQ group on the WIN 
test for both aided and 
unaided conditions

Foraging “Audiogame”

Subjects learned adaptive 
search strategies that 
allowed them to more 
efficiently convert noisy 
dynamic audio cues into 
actionable information for 
finding the target

Whitton, J. et al, 2014
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Auditory foraging task 
transferred to an 
untrained speech 
perception task!

Generalized improvement 
in ability to understand 
speech in noisy conditions

On average, a 12% 
improvement at 0dB SNR

Whitton, J. et al, 2014

Change in words correctly 
recognized for the speech in 
noise task (Post-Pre) according to 
target speaker SNR
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BrainHQ Demo
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Communication

Internal Factors

External Factors

Perceptual Factors

Processing 
Speed

Long 
Term 

Memory

Attention

Vision

Hearing ContextProsody

Language

Accent

Noise

Smell

Working 
Memory
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NO BOTOX 
NEEDED!

AUDITORY TRAINING IS 
ANTI-AGING FOR THE BRAIN 

Jumana_Har ianawala@starkey.com.

Lindsay_Prusick@starkey.com

Thank you!


