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Good is the enemy of great.



What	is	great?
Wolfe et al., 2015, Unpublished Data

n = 10 Young Adult Normal Hearing Listeners
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Not	so	great…

Schafer et al., 2012

Listeners with Cochlear Implants
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Hearing	Aid	Wearers
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AzBio	Sentence	Recognition



From	Good	to	Great…
• Hearing	aid	wearers	with	severe	hearing	loss	score	about	30%	

correct	on	sentence	recognition	testing	at	a	5	dB	SNR

• Approximately	37.5	million	Americans	have	hearing	loss	impacting	
communication	(NIDCD)

• Approximately	1.2	million	persons	with	severe	to	profound	
hearing	loss	in	the	USA	(American	Academy	of	Audiology)

• Approximately	26	million	persons	with	severe	to	profound	hearing	
loss	worldwide

• Approximately	120,000	Americans	have	cochlear	implants	(NIDCD)



Make	the	World	Great	Again!



Road	Map

• Points	of	Discussion

– Identifying	Contemporary	
Technologies	That	Facilitate	
Great	Outcomes

– Results	of	Studies	Evaluating	
Contemporary	Technology

– Clinical	Tips



A	Noisy	World!

• Living Room: 
– 37 dB A (with A.C. = 52 dBA)

• Classroom: 
– 63 dBA

• Dr.’s Waiting Room (4:00 pm):
– 76 dBA

• Public Transportation: 
– 79 dBA

• Chili’s Restaurant: 
– 81 dBA

• OKC Thunder Basketball: 
– 100 dBA

The	SNR	in	these	environments	is	typically	-5	to	+5	dB



Crukley	et	al.,	2011

Journal of Educational Audiology



Crukley	et	al.,	2011
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A	Noisy	World

Pearsons et al., 1977

Typical Signal Noise Ratio: +5 dB  

Office Environment



A	Noisy	World
Public Transportation

Typical Signal Noise Ratio: 0 to -5 dB 
Noise Levels: 75-90 dBA 

Restaurants & Bars

Typical Signal Noise Ratio: -5 to +5 dB
Noise Levels: 70-100 dBA  



For	persons	with	severe	to	profound	
hearing	loss,	we	can	strive	for	greatness!



Just	Preaching	to	the	Choir!



Nose Noise

Research	Setup

AzBio

NOISE

schematic	 diagram
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Research	Setup

Ambient	Noise	Level:	44	dBA Reverberation:	.6	sec



Not	your	father’s	FM…
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Carrier	
Frequency
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Digital	Radio	Frequency	Transmission
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• Is	digital	better?



Dynamic	FM	&	Digital	RF

Aslund et al., 2011 N = 20



Adaptive	RF
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• Audio signals are sampled, digitized and packaged in very short (160 
μs) digital bursts of codes (packets) and broadcast several times, each 
at different channels between 2.4000 and 2.4835 GHz

– The 2.4 GHz ISM (Industry, Science and Medical) band is globally license free

• Frequency hopping between channels, in combination with repeated 
broadcast, avoids interference issues

• The frequency hopping is adaptive, both receivers and transmitters are 
searching continuously to find free channels and to avoid occupied 
channels

• End-to-end audio delay is well below 25 ms – 7500 Hz BW

• Digital control of adaptive (Dynamic) gain changes

What’s possible with digital?



• Does	an	adaptive	digital	wireless	system	offer	
benefit	for	CI	users?	



Roger	Technology

Does	it	work	for	cochlear	implant	users?

What	about	hearing	aid	users?



Study	Objectives
• Evaluate	speech	recognition	in	quiet	and	in	noise	

with	speech	(HINT)	at	85	dBA at	transmitter	and	
classroom	noise at		50,	55,	60,	65,	70,	75,	80	dBA

• Evaluated	3	RF	remote	microphone	systems:
– Fixed-gain	FM	– MLxS
– Adaptive	FM	– MLxi
– Digital	RF	– Roger	

• Ensure	consistency	of	signal	and	a	lack	of	
interference.



Results
Advanced	Bionics	Recipients	(n	=	16)

Wolfe	et	al.,	2013,	JAAA	

Adults	with	normal	hearing	score	95%	correct	here!



Results	
Cochlear	Recipients	(n	=	21)

Wolfe	et	al.,	2013,	JAAA	
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Speech	Recognition	Benefits	of	
Digital	Adaptive	Broadband	

Wireless	Transmission	Technology
Linda	M.	Thibodeau

AAA,	2013
Annaheim,	CA

What	about	hearing	aids?



• Dr.	Linda	Thibodeau
• University	of	Texas	at	Dallas
• Speech	in	noise	testing	
• 11	listeners	using	their	own	BTE’s
• Ages	15	to	78
• Traditional	FM	vs	Dynamic	FM	vs	Roger
• Randomized,	blinded
• Different	noise	levels

Research	outline

Courtesy	of	Dr.	Thibodeau,	2014
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Be	a	Lionel	Richie	audiologist

We’re	dancing	on	the	ceiling!



• Can	it	get	any	better?



ClearVoice

• Within	each	analysis	channel:
• Gain	is	reduced	if	input	is	steady	state	→	noise	is	attenuated
• Modulated	inputs	are	transmitted,	e.g.	speech	and	music	

• Overall	signal-to-noise	ratio	(SNR)	is	improved

• Hearing	in	quiet	remains	same



Advanced	Bionics	ClearVoice	Processing
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Speech	Recognition	is
• Better	with	CV	ON	than	OFF
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Benefit	also	seen	in	“Quiet”

(RMANOVA)Wolfe et al., 2015, JAAA



• How	do	digital	wireless	accessory	remote	
microphone	devices	compare	to	digital	
adaptive	remote	microphone	systems?



Technology
Phonak	Bolero

Phonak	Roger	X

Phonak	Roger	Pen

Resound	Verso

Resound	Unite	Mic

Evaluated	sentence	recognition	both	with	and	without	wireless	technology



Mean	Audiogram
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Programming	Hearing	Technology

• Fitted	Resound	and	Phonak	
aids	to	DSL	v5.0	target	for	
adults

• SII	within	2	points	for	the	
two	hearing	instruments

• Disabled	all	NR	technologies	
and	NLFC;	fb	cancellation	
enabled

• Ensured	transparency	for	
each	remote	mic	condition



Nose Noise
AzBio	Sentences
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Study	of	Wireless	Technologies

Sentence	Recognition
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Dynamic Digital	RF	vs.	Digital	Audio	Streaming
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Is	it	all	about	the	gain?



Case	Study
Remote	Mic	Streaming	vs.	Roger

0 0 0 0



Remote	Mic	Use



Remote	Mic	Orientation
• Take	the	time…
• Demonstration

– Tell,	show,	touch,	live,	and	give!
• Take	the	challenge

– Speech	recognition	with	and	without
• Matching	tech	to	needs

– COSI
– Budget

• Engage	the	family
– Parent	Persuasion
– Give	your	spiel	to	the	spouse



• Chasing	Greatness	with	Bilateral	Hearing



Noise

Wireless	audio	streaming

DuoPhone
(Advanced	Bionics	Naida	CI	Q70)

Phonak HiBAN Technology
Hearing Instrument Body Area Network:  

Short-range audio streaming 

via digital near-field magnetic induction (10.6 MHz) and CODEC



Methods:	Subjects

• 10	Adult	Bilateral	CI	Users
– Age

• Range:		43-70	years	old
• Mean:	58.7	years	old	(SD=8.7)

– Advanced	Bionics	HiRes 90K	and/or	CII	implants

– Duration	of	Hearing	Loss:		15.7	years
– Duration	of	Severe-Profound	Hearing	Loss:	7.6	years	



T-Mic2	– Monaural	vs.	DuoPhone
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Significant	
improvement	
in	Quiet	&	
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Word recognition improves by 20-25%

Wolfe et al., 2015, JAAA



Mean	CNC	Word	Recognition	Scores	for	Children	
(6-14	years-old)	with	Hearing	Aids
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Making	it	Great	with	Bimodal

Sheffield & Gifford, 2014



And	It	Doesn’t	Take	Much…

AzBio Sentences
Male TalkerSheffield and Gifford, 2014

12 Bimodal Users
In a Test Booth



Binaural,	Bimodal,	or	Bilateral?

– Clinical	assessment
• Audiometric	(but	it’s	not	just	about	the	audiogram!)
• Speech	recognition:	Right	alone,	Left	alone,	Both	ears

– Word	recognition	in	quiet
» Mean	(CNC)	performance	with	one	CI	is	60-65%	correct

• Bimodal/bilateral	performance	exceeds	60-65%		
– Sentence	recognition	in	quiet	and	in	noise

» Typical	AzBio score	with	one	CI	is	50-60%	correct	at	+10	dB	SNR
• Bimodal/bilateral	performance	exceeds	50-60%

• Localization	&	music???
– Subjective	impression	of	benefit	from	amplification

• Speech	recognition	 -- APHAB
• Localization	-- SSQ
• Music	– Informal	assessment

– Patient’s	lifestyle,	preferences,	desires,	etc.



• Anything	else	to	strive	for	greatness?



Hearts	for	Hearing	Experience
with	Adaptive	NLFC



Adaptive	NLFC

• Only	compresses	signal	when	high-frequency	
acoustic	energy	is	much	greater	in	level	than	
low-frequency	acoustic	energy

• This	adaptive	nature	allows	for	stronger	
compression	settings	to	restore	audibility	for	
high-frequency	sounds

• Tested	prototype	version	– May	be	available	 in	
commercial	product	in	the	future



• Adaptive	NLFC	with	10	Adults	with	Severe	to	
Profound	High-Frequency	Hearing	Loss	



Mean	Audiogram
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CNC	Word	Recognition
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BKB-SIN	(dB	SNR	– 50%)
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Take	Home	Points
• Adults	with	severe	to	profound	hearing	loss	need	remote	

microphone	technology	with	adaptive	gain	changes	and	
beamforming	to	hear	well	in	noise

• Try	to	make	everyone	a	two-eared	listener!
– Binaural	vs.	Bimodal	vs.	Bilateral
– Test	in	quiet	(with	words	and	sentences)	and	in	noise	to	identify	best	

solution	for	an	individual
– Evaluate	an	individual’s	unique	needs	to	determine	ideal	solutions

• Changes	in	hearing	technology,	such	as	adaptive	non-linear	
frequency	compression,	may	improve	performance,	and	it	is	
our	job	as	clinicians	to	stay	abreast	of	these	changes	and	to	
implement	them	effectively	with	our	patients.



Shoot	for	the	Moon!

• THANK	YOU	FOR	YOUR	ATTENTION


